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Problem Statement

There are approximately 72 million women in the United States of the menstruating age [1].  During menstruation, many women suffer from dysmenorrhea, or painful menstruation, that is characterized by unpleasant cramping in the lower abdomen.  Many women also suffer from bloating and headaches while they are menstruating.  In order to alleviate these symptoms, women often take a common pain reliever such as ibuprofen or aspirin.  In order to control menstrual flow, women typically use pads or tampons.  To lessen the stress for women during menstruation, we have designed a product that will alleviate both painful menstrual symptoms and control the flow of menstrual flow.  Our product is a pain-reliever eluting tampon.  

Project Objective

We have designed a tampon that elutes a common pain reliever upon insertion, while at the same time, absorbs menstrual flow.  It is also both comfortable and biocompatible, eliminating the possibility of harmful side effects for the consumer.  It has a medium absorbency range and will alleviate the common uncomfortable symptoms associated with menstruation.  
Final Design, Risk Analysis and Applicable Standards
Our design has two main components:  a generic tampon base that absorbs menstrual fluid and a drug eluting capsule that relieves cramps, bloating, and headaches.  The absorbent tampon base falls under the medium absorbency range of 9-12 grams-fluid and is made from 100% cotton.  The drug-eluting capsule is held on the top of the tampon by a small flexible plastic cup.  The cup has a thin stick that extends into the tampon and is connected to the string at the base of the tampon.  The cup is made out of polyvinyl alcohol, the common plastic currently used in tampon applicators.  The drug capsule sits on top of the plastic cup.  The drug capsule is a PVA hydrogel that is doped with 650mg of aspirin, to relieve cramping and headaches.  This dosage corresponds with about six hours of effective relief of symptoms.  The PVA hydrogel is biocompatible and begins dissolving upon insertion into the vagina.  Upon dissolving, the aspirin absorbs across the mucous membrane of the vagina into the bloodstream.  
There are several risks associated with our product.  Those risks include: vaginal irritation, accidental overdose, increasing the risk of Toxic Shock Syndrome, and infection or allergic reaction.  
Vaginal irritation could be caused by either the material of the tampon or the drug eluting capsule.  To alleviate the possibility of vaginal irritation, the tampon is made out of 100% cotton.  It is not a blend of cotton and rayon, as rayon tends to cause vaginal micro tears [2].  There is also a possibility of the drug-eluting capsule irritating the vaginal canal.  The drug-eluting capsule is made out of a PVA hydrogel, which is known to be biocompatible and should not cause any irritation.  
An accidental overdose could result from an error during manufacturing or from a human error.  A manufacturing error could accidentally dope the drug eluting capsule with an unsafe amount of ibuprofen.  In order to prevent this, the manufacturing process is carefully conducted, to ensure that the maximum amount of drug doped in the capsule is still a safe amount for our consumer.  This also ensures that even if the consumer is experiencing heavy bleeding and the drug is completely dissolved and absorbed, the amount she receives will be under the threshold of safety.  An overdose could also occur if the consumer uses too many tampons in a specified timeframe.  It is not recommended that people take more than 3,900mg of aspirin in 24 hours, so similar guidelines will exist for our product.  It will be recommended to not use more than 6 tampons per day.  Similarly, consumers will be advised not to use more than one tampon at a time, not to take any external sources of NSAIDs (non-steroidal anti-inflammatory drugs), and to only use the tampon during menstruation.  
Tampons are typically associated with Toxic Shock Syndrome; however, according to the FDA, it usually occurs with super absorbent tampons.  The drug eluting tampon would have a medium absorbency range to minimize the risk of TSS [4].

Another potential problem caused by the tampon is that it could cause an infection or allergic reaction in the consumer.  To eliminate the possibility of infection, the tampon is manufactured in a clean environment, to minimize the transmission of microorganisms.  To alleviate the possibility of an allergic reaction, the product is properly labeled to alert consumers of the ingredients to prevent the device being used by someone who is allergic to the components.   

This product is a combination device, as it combines the use of a pharmaceutical with a device.  There is an FDA Guidance for Menstrual Tampons and Pads that summarizes the guidelines that the absorbent constituent of our product will be subject to.  Similarly, there is an extensive guidance for industry on the Early Development Considerations for Innovative Combination Products.  
Prototype of Final Design
To fabricate the pain reliever eluting tampon, two separate parts are created and assembled.  First is the polyvinyl alcohol (PVA) stem (Appendix A).  For the prototype, it was created with SLA, but will be made of dry PVA polymer for the final design. Polyvinyl alcohol will not degrade in the body and has been shown to be safe through its use as a tampon applicator.  It consists of a 1 ½” stem that fits into the generic tampon.  At the base of the stem, there is an 1/8” hole where a cotton string attaches.  The string ensures complete removal of the assembly by the user.  At the top of the stem, is a 1/4” cylindrical cup that holds the encapsulated drug.  The cup has two slits on either side, giving the encapsulated drug more area to adhere to.  It also increases the surface area of the drug cap to allow for maximum diffusion.  
There is a removable cap that provides a hemispheric shape on top of the stem for manufacturing the PVA hydrogel.  The hydrogel will be able to crosslink in this cap into the desirable shape while at the same time adhering to the stem.  The cap is only for manufacturing purposes and will not be seen by the consumer.  It is shown in Appendix B.

The stem holds the encapsulated drug at the top of the device.  The  encapsulated drug is made out of a PVA hydrogel.  The hydrogel was made by combining 0.5g of PVA, 87-89% hydrolyzed, with 650mg of lightly coated aspirin, crushed, 1.25mL of water, 100µL of 1M HCl, and 25µL of glutaraldehyde as a cross linking agent.  The dry ingredients were combined and mixed in the removable cap and the wet ingredients were injected.  It was allowed to gel for 4-6 days.  PVA swells when it gets wet, enlarging the pore sizes to allow for the diffusion of drug.   Use of PVA hydrogel maximizes user comfort and assures the drug is released inside the body.  The complete pain reliever eluting tampon assembly is shown in Appendix C, with inclusion of the tampon base.  The complete prototype is shown in Appendix D.
Proof of Functional Design
To verify functional capabilities of the pain reliever eluting tampon, one area will be tested:  elution of the pain reliever from the hydrogel cap.  To determine efficacy of pain reliever elution, the hydrogel cap is placed in 200mL of DI water. Samples of this water are taken every minute for 15 minutes and one additional sample is taken after 20 minutes.  The samples are reacted with a ferric nitrate solution (0.5M FeNO3 in 1M HNO3), and placed in a spectrophotometer.  Absorbancies are compared to a standard developed by dissolving 650mg aspirin in 200mL water. This solution is diluted down to 0% in 20% intervals and the standard graph is developed relating the known concentrations of aspirin and the absorbancies yielded. Relation to the standard yields grams of aspirin eluted from the hydrogel samples.  A graph of elution over time will be constructed.  Also, pH testing will be conducted.  Similarly, the elution of blue dye from the hydrogel will be tested to provide visual evidence of drug elution.  Blue dye will be incorporated into the hydrogel and allowed to elute in a volume of 200mL Di water.  If the water turns blue, elution will be confirmed.  Finally, solutions of pH 1 and 4, corresponding to the stomach and vagina, respectively, will be mixed and aspirin will be dissolved in both to ensure that aspirin remains in solution in the vaginal canal pH.
Patent Search

A patent search generated two results of supreme relevance to our proposed design. While both results are quite similar to our design, a number of important distinctions cause our design to differ from the existing patents. These distinctions will be discussed after the relevant patent results are summarized.

The first item is United States Patent 6,086,909 (Harrison): Device and method for treatment of dysmenorrhea. This patent, approved July 11, 2000, is generic device patent that encompasses tampons, vaginal rings, passaries, tablets, suppositories, vaginal sponges, and foams among other vehicles. It concerns infusion of these vehicles with a pharmaceutical agent to be released into the vagina and absorbed through the vaginal mucosa. The purpose of these methods is to provide relief of dysmenorrheal [5].

The second item is United States Patent 7,004,171 (Benita): System for transvaginal drug delivery. Approved February 28, 2006, patent 7,004,171 describes a transvaginal drug delivery system comprised of an effective amount of the specified drug and a polymeric support that serves as a drug depository. This drug delivery system is to be incorporated into a tampon comprising an absorbent inner core and a liquid-permeable outer layer [6].

The proposed tampon design encompasses several significant additions to existing patents. Regarding the first patent (Harrison), our device will not only relieve dysmenorrhea, but will also treat bloating with the incorporation of 15mg Pyrilamine Maleate. Concerning the second patent (Benita), the different polymeric drug depositories documented are located along the shaft of the tampon, which contacts the vaginal wall. Our device will contain a drug eluting PVA hydrogel cap attached to the head of the tampon (the end closest to the uterus). Neither Benita et al. nor Harrison et al. proposed this method of drug delivery. Given the novel alterations that our design proposal incorporates, it is reasonable to assess a high probability of patentability.

Anticipated Regulatory Pathway

The proposed design has two main components: the drug eluting cap and the traditional tampon base. Because a drug delivery system is combined with the absorbent device, the design will almost undoubtedly be regulated as a combination product by the FDA. As a result, the regulatory path will proceed through the FDA’s Office of Combination Products (OCP). OCP will assign a lead Agency center to the product that will have primary jurisdiction over its review and regulation. The specific lead Agency center to which the product is assigned depends on the product’s primary mode of action (PMOA), which is defined as the mode of action characterized as providing the most important therapeutic action of the combination product [7]. The proposed design PMOA is drug release from the PVA hydrogel cap. We consider this the device’s PMOA because it is what differentiates our products from tampons in the existing market. Classified under this PMOA, the product will be assigned to the Center for Drug Evaluation and Research (CDER) as the lead Agency center. The CDER may collaborate with other centers if deemed necessary. The FDA guidance document concerning premarket notification submissions (510(k)s) for menstrual tampons and pads is issued through the Center for Devices and Radiological Health (CDRH). Because the CDRH regulates non-pharmaceutical infused tampon development, it is likely that the CDER will collaborate with the CDRH during the regulatory process. The CDER will identify and evaluate the information it deems necessary for a regulatory submission and determine if an investigational application or marketing authorization will be required.

Because there is no definitive predicate device to which comparisons can be made, there is a greater possibility that Investigational Device Exemption (IDE) application must be filled out. IDE approval would allow for a clinical study to be done, garnering important data concerning the proposed product that would be used to evaluate safety [8]. However, because the proposed drug combination of acetaminophen and pyrilamine maleate are very common in FDA approved, and widely marketed, consumer products, it is possible that information from these already existing drug products’ (i.e. midol) and currently marketed tampon products’ (i.e. tampax) regulatory documents would not need to be expounded upon. In this instance, an IDE would not need to be performed in conjunction with the FDA regulatory process. 

The same logic in the above paragraph can be applied to debating a 510(k) vs. PMA pre-market route. Because the proposed design is a combination product of two fairly common currently marketed products, it is very difficult to determine if a 510(k) will be sufficient. Should the CDER decide that the proposed design does not present any significant novel complications it is possible that 510(k) submission will be acceptable. If novel concerns, perhaps arising from the incorporation of the PVA hydrogel cap, arise it is likely that the product will be subject to more extensive PMA-like testing and documentation before being granted FDA approval.
Estimated manufacturing costs
As previously stated, the tampon device as specified by our design parameters has two main components to be fabricated: the plastic drug capsule holder and the drug eluting capsule. The drug eluting capsule includes a PVA hydrogel membrane infused with 650mg aspirin.  PVA is available through Sigma Aldrich Chemicals for $57.90 for 500g.  Lightly-coated aspirin is available through Rite Aid Pharmacy for $1.99 for 100 325mg tablets.  Glutaraldehyde is also available through Sigma Aldrich Chemicals for $45.60 for 10mL.  Similarly, 12M hydrochloric acid (which is diluted down to 1M) is available through Sigma-Aldrich for $44.70 for 500mL [11].  Based on the hydrogel recipe listed in prototype details, the cost for one tampon hydrogel would be $0.30.  If ibuprofen were to be used instead, at the price of $5.99 for 500 200mg tablets, available at amazon.com, the price would increase to $0.32 per tampon hydrogel.  A generic tampon base, for about $0.14 per tampon, would up the price to $0.47 for an ibuprofen-hydrogel tampon.  For a dry PVA stem, the projected cost would be $0.05 for a 3g part.  The total cost of an ibuprofen-hydrogel with a PVA stem and medium absorbance tampon would be $0.51.   

Market Analysis
Our product eliminates the need for two products, namely tampons and pain relievers, which provide the main competition for this device.  Tampon producers such as Tampax, Playtex, and O.b. all provide functioning tampons to consumers.  The typical price range for a box of twenty tampons is $4.69. [15] Advil, Midol, Tylenol, and Motrin all provide effective pain relief to customers suffering from dysmenhorea.  A bottle of one of these pain relievers with 100 capsules typically costs $10.00; the capsules provide 200mg of ibuprofen meaning that only 50 doses are available.[15]  Therefore, on average, the use of a normal tampon plus one NSAID to relieve cramps would cost $0.44.  

There are approximately 72 million women at the age of menstruation (10 yrs. – 44 yrs. old), all of whom are potential customers.  Our product has a manufacturing price of $0.51. A box of twenty tampons would then cost $10.20 to manufacture.  A selling price of $12.00 would yield a $1.80 profit per box, while remaining attractive to consumers. The cost of one tampon would be $0.60. This is $0.14 above the cost of normal tampons and NSAIDs together, but it is more convenient because it eliminates the need to use two products. 
Results of Testing

Testing results showed that pain reliever was eluted from the hydrogel cap.  Comparison with the standard showed at a maximum that 38% of the aspirin eluted after 20 minutes.  This delay could be due to hydrogel expansion in water prior to drug elution, to allow the pores to grow to a size greater than the aspirin molecules.  Blue dye tests were negligible, as no visible signs of dye elution were seen.  This could be due to a reaction with the dye and the gel, the molecules in the dye being too big to elute through the hydrogel pores, or a low concentration of dye in the water.

In addition to elution testing, pH testing was performed. pH 1 and pH 4 solutions of 200 mL each were created to mimic the acidic environments of the stomach and vagina, respectively. 325 mg of aspirin was dissolved in each solution. Pictures were taken prior to aspirin exposure, directly after aspirin had settled, and after a ten minute time period. After ten minutes had passed, under light stirring, the aspirin was allowed to settle and another photograph was taken. This final photo showed significantly less settled aspirin at the bottom of each beaker. At each phase, the two solutions looked nearly identical, indicating that aspirin will have negligible solubility differences in the vaginal environment when compared to the stomach. 
Executive Summary
There are over 72 million women of the menstruating age in the United States.  Unfortunately, many women suffer from painful menstruation characterized by cramping in the lower abdomen, headaches, and bloating.  During times of menstruation, women typically utilize two products during menstruation: menstrual tampons to absorb menstrual fluid and common pain relievers to relieve their discomfort.  Our group has proposed an idea that would alleviate the need for two steps, by creating a tampon that both absorbs menstrual fluid and elutes the common pain reliever ibuprofen.  The tampon is comprised of a generic tampon base made of 100% cotton, with a flexible plastic cup holding a dissolvable PVA hydrogel on the top.  The PVA hydrogel is doped with 650mg of aspirin, to relieve cramps and headaches.  The capsule dissolves in the vaginal canal allowing the drug to be absorbed across the vaginal mucosa into the bloodstream.  
There are two products that are similar to our design; however, there are differences.  One of the designs utilizes a drug eluting ring versus a drug eluting capsule on the top.  Our design can withstand competition because it minimizes drug loss with the capsule versus the ring.  

There is currently no combination product on the market.  Typically, women use both an absorbent tampon in conjunction with oral medication to relieve their symptoms.  Since our product can accomplish both steps at once, women will have one less step to take in their care for themselves.  Similarly, women who experience stomach discomfort associated with taking large doses of ibuprofen can have a safe and comfortable way to relieve their menstrual symptoms.  

The device is currently in the beginning stages of production; however the design process is highly feasible.  The polymer molding will be the most technically advanced portion of fabrication, however the process of freeze-thawing that will be employed is relatively simple, requiring only a mold and the aqueous polyvinyl alcohol.  The polymer synthesis protocol has been successfully used by several scientific studies.  Also, drug incorporation into the polymer capsule is relatively simple.   Preliminary testing shows that elution of drug from the hydrogel cap is successful; however, future plans include improving the design to increase amount of elution. Additionally, pH testing has shown that differences in solubility properties of aspirin present in pH 1 and pH 4 environments [stomach and vagina] are negligible, indicating that drug will dissolve effectively in the target environment of the vagina.
FDA approval will be subject to specific combination product evaluations by the CDER and/or CDRH. Because combination devices are typically more involved concerning regulatory documentation, and because of the invasive nature of the tampain, it is likely that a PMA will be necessary due to the lack of suitable singular predicate device availability. Medicare typically covers new devices that exhibit positive clinical results. For this reason, an IDE application should be filed so that clinical testing of the tampain may proceed. Once positive results are garnered, coverage status from Medicare and other private insurers will be much more likely. This will serve as a significant source of reimbursement.
There are over 72 million women in the United States between the ages of 10 and 44.  This provides a huge market for the Tampain, allowing women to have a less stressful and more comfortable period.  
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The SLA stem. 
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The SLA stem with the manufacturing cap to form the hydrogel.
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The completed prototype.
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