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Abstract

The Selective Serotonin Reuptake Inhibitors (SSRIs) Venlafaxine, Effexor XR, and Paroxetine, Paxil CR, were analyzed for their potential to photolyze in aqueous solution.  The photolysis of these SSRIs was studied at pH 3, 6.6, and 9.4 and also in lake water with pH 8.76, with dissolved organics.  Venlafaxine shows no photolysis under short-term, 6 hour, and long-term, 90 hour, experiments.  Paroxetine has an average half-life of 2 hours, has two major decomposition products.

Experimental

Sample Preparation

Two Effexor XR pills were broken in half and the casings were disposed of, the inner capsules were dissolved in 10ml methanol and 40ml DI water.  The solution was sonicated for 45 minutes, and allowed to settle.  This solution was then filtered to remove non-soluble components of the pills.  Paroxetine HCl solid was dissolved in DI water.

Photolysis Experiments

All paroxetine trials and three venlafaxine trials were short-term, and run under the following conditions: quartz test-tube, triplicate, and outside in the sun.  The test-tubes were sampled at 0, 30, 60, 120, 240, and 360 minutes.  One venlafaxine sample was run indoors in triplicate and quartz test-tubes, sampling at 0, 18, 24, and 90 hours.

HPLC Analysis
All High Pressure Liquid Chromatography, further referred to as LC, was completed with a Thermo Finnigan Surveyor® LC System.  The LC was equipped with a Photodiode Array detector, PDA, and Mass Spectrometer detector, MS.  The MS detector is a Thermo Finnigan LCQ Advantage, and uses a quadrupole ion trap.  The MS was equipped with an Electrospray Ionization source, ESI.


Separate HPLC methods were developed for analyzing the photolysis of the pharmaceutical.  All separations were done using the same pH 3 buffer as the photolysis and acetonitrile as the solvents.  The proper peak was determined with the mass spectrometer detector on the HPLC.  All samples were run under the appropriate method for the pharmaceutical.  20% acetonitrile and 80% pH 3 formate buffer for venlafaxine and 40% acetonitrile with 60% pH 3 formate buffer for paroxetine.  The peaks were then integrated using the qualitative browser in Genesis setting.  The resulting areas were entered into a spread sheet and graphed to determine a slope, which is used to calculate the estimated half-life of the pharmaceutical.
The column used on the LC was a Discovery RP Amide C16 reverse phase made by Supelco®.  Two different columns were used one with length 10 cm by 4.6 cm and a longer column 15 cm by 4.6 cm.

Introduction

Direct photolysis occurs when the compound being studied directly absorbs the UV light and then undergoes a reaction, resulting either in a rearrangement, or the loss of a functional group.


The pharmaceuticals in this experiment are both anti-depressants, though they are often prescribed for more than clinical depression.  Velafaxine, Effexor XR, is a norepinephrine blocker.  While Paroxetine, Paxil, is a selective serotonin reuptake inhibitor.  Venlafaxine affects the levels of other neurotransmitters than just serotonin, while Paroxetine is selective for serotonin.  Understanding the process of decomposition in the environment includes not just the compound itself but also the metabolites.  As little as five percent of a dose of venlafaxine is recovered in the urine as unchanged venlafaxine, major metabolites are demethylated at the oxygen and nitrogen.


It is important to understand the environmental fate of pharmaceuticals and the broader group of Pharmaceuticals and Personal Care Products, further known as PPCPs.  PPCPs travel from the household, industry, and water runoff into water treatment plants, but may not be biodegraded, and appear in holding waters. 4  This becomes a major environmental pollutant due to consistent.  
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Figure 2. Mass Spectrum for Venlafaxine Separation
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Figure 3.  Photolysis of Venlafaxine in Aqueous Buffered Solutions (4 hr)
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Figure 4.  Photolysis of Venlafaxine in East Gemini Lake Water
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Figure 5.  Photolysis of Venlafaxine in Aqueous Buffered Solutions (90 hr)
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Figure 6.  Mass Spectrum for Paroxetine Separation
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Figure 7.  Photolysis of Paroxetine in Aqueous Buffered Solutions
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Figure 8.  Photolysis of Paroxtine in East Gemini Lake water
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Figure 9.  Chromatograms of Paroxetine Photolysis
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Results


The photolysis trials of venlafaxine for the four hour exposure times had approximate first order half-life of 23.5 hours.  Three separate trials of this experiment were run to arrive at this number.  Although no photodecomposition had been found in the short term trial a longer trial was run.  In an attempt to pass at least two half-life periods exposure was sampled over a ninety hour time interval.  No photolysis was observed in this trial, and the predicted half-life was 500 hours.  This can be observed in Figure 3 and Figure 4 in the data section, over the course of the experimental conditions no photolysis occurred in the buffered solutions or East Gemini Lake water.  Figure 5 has a minor slope for the photolysis that occurred in pH 9 buffer, though the estimated half-life was 527 hours.

The photolysis of paroxetine had been studied previously studied and found to have a half-life of two hours.
  The photolysis of paroxetine in the aqueous buffered solutions had approximate half-lives of 1.8 hours to 2 hours of exposure.  The photolysis in East Gemini Lake water had a half-life that is roughly twice that of the similar pH buffer solution, and it was noted in the literature that in artificial humic water the photolysis was slower.  The reason may be the attenuation of the light by absorption into other dissolved organics in the lake water.  The photolysis is the result of direct interaction with sunlight, as no indirect photolysis occurred in the lake water samples.  Figure 9 shows the chromatograms of the photolysis of paroxetine, with a retention time of 8.7 minutes, is decreasing in peak integration.  However, a couple other peaks with retention times of 3.0 and 4.5 minutes can be seen to increase in integration.  These products were not collected for further identification but the mass spectral data indicates ratios that are consistent with the major decomposition product in the literature.
Conclusion

The photolysis of venlafaxine did not result in the decomposition by direct or indirect methods.  The pH of the aqueous buffers had no effect on the stability of the molecule in short term trials, and at pH 9 over ninety hours a small decay has been observed.  The photolysis of paroxetine has a half-life of two hours, and occurs only through direct light.  The photolysis data agrees with the published data.
Future Work


Venlafaxine work with Fenton’s reagent and generating hydroxyl radicals should be completed to determine if this decomposition pathway is possible.  Investigation into the small decay in the long-term photolysis at pH 9 has to do with hydrolysis or photolysis.

Paroxetine trials should be run with an actinometer to determine quantum yield, and a statistical analysis of the quantum yields and half-lives in the published data against these results could be completed.
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