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Objective. To implement an advanced elective compounding course where pharmacy students conduct
investigations to improve compounding-related issues that were subsequently evaluated in a required
compounding course.

Methods. The elective compounding course required students to engage in self-directed learning,
critical thinking, creation and evaluation of laboratory data, and self- and group reflection. Students
researched and developed “solutions” to compounded preparation problems, and their solutions were
tested in the next iteration of a required compounding course. For example, students in the elective
course identified sources of potency variability in a ketoprofen Pluronic organogel (PLO) emulsion
preparation. The students identified six variables and executed an investigative action plan. They
considered all data collected and proposed a method to reduce potency variation. The recommended
solution was implemented in the next offering of a required compounding course and the potency
variability results were compared to the previous required course’s results.

Results. The mean ketoprofen PLO emulsion potency achieved in the required course prior to imple-
menting the elective course recommendation was 129% (SD 21%), n=158. After the recommended
change from elective course was implemented, the mean potency was 118% (SD 21%), n=131.
Conclusion. The teaching methods and activities conducted in the elective course provided students
with a deeper level of learning and understanding of compounding science, while providing practical
experience in scientific research methodology. The course also provided a cyclic quality improvement

feedback mechanism for the required course.
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INTRODUCTION

Compounding is a tool used to address patients’
needs for personalized medicine. A practicing pharmacist
is responsible for understanding the therapeutic activity
of a drug product for a given disease state. Many times,
however, the drug product is not commercially available
in a strength or formulation that meets the patient’s
personal needs. Therefore, in addition to ensuring ap-
propriate therapy, compounding pharmacists are also
responsible for understanding the chemical and bio-
pharmaceutical aspects of the product’s formulation. This
includes knowledge of how inactive components can be
substituted or interchanged to best accomplish the ideal
activity of the dosage preparation for the individual
patient.
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The art and science of compounding are considered
an important knowledge and skill set for pharmacy
practice that should be taught and retained in the Doctor
of Pharmacy (PharmD) curriculum." Compounding is
taught in pharmacy schools through a variety of required
and elective compounding courses, but the curricula are
not uniform.” Each pharmacy school is responsible for
developing its own compounding curriculum based on
many institution-specific factors, and this has led to both
strengths and shortcomings in each program’s com-
pounding experience. Currently, many pharmacy schools
impart only the knowledge and skills necessary for stu-
dents to read, interpret, and prepare a compounded
preparation for a patient. There is minimal instruction on
how to create or modify a preparation, and little emphasis
on the necessity of an acceptable potent preparation.

A required one-semester compounding course at the
Eshelman School of Pharmacy provides instruction to
PharmD students during the first professional (P1) year.
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In this course, students are given a formulation record and
the necessary ingredients, methods, and equipment to
accurately compound a preparation. The students learn
proper compounding techniques and acquire the skills to
prepare several types of common preparations. Given the
limited amount of time allotted, it is only feasible to in-
troduce the general concepts of compounding to the stu-
dents. The students complete the course with the skills and
knowledge of a compounding technician, but not those of
a compounding pharmacist.

As the school underwent a curriculum transforma-
tion in 2015-6, new elective courses were developed to
align with the new mission, vision, and schedule blocks of
the curriculum.’> We envisioned the creation of a new
advanced elective course, The Science of Pharmaceutical
Compounding, to move compounding knowledge and
skills from a technician level to a pharmacist level. The
elective course gave students the opportunity to learn
critical skills every compounding pharmacist needs to be
successful in such a practice. Typical questions com-
pounding pharmacists encounter every day include:
“How might I change the preparation to personalize the
prescription for this patient?” “This preparation I com-
pounded is not what I expected. What went wrong? What
do I need to change?” or “What new methods or proce-
dures would improve this preparation?” An additional
goal of the course was to provide an avenue for im-
provement of the methods and assessments used in the
required compounding course. The third objective,
though a tacit objective, was to foster students’ reten-
tion of compounding skills throughout the PharmD
curriculum.*

Two of the desired “compounding pharmacist” ob-
jectives, to learn compounding skills pharmacists need
and the retention of such skills, would be achieved
through the course design strategies. The third, im-
provement of compounding methods and assessments in a
required compounding course, was also a realistic ob-
jective as the UNC Eshelman School of Pharmacy com-
pounding laboratory has used preparation development
and potency analysis (percent of label) as part of its as-
sessment criterion.® An extensive potency database is
available for preparations analyzed numerous times over
several years at the school. However, the required com-
pounding course did not provide the opportunity for stu-
dents to investigate and understand the intricacies of the
preparation development process or to determine the
possible sources of potency variability in student com-
pounded preparations.

The compounding faculty envisioned a tangible and
useful link between the elective course offered in the P2
and P3 years which would have a limited number of
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students, and the required P1 compounding course with
approximately 160 students per year. The elective course
would be a research and development course in which
“solutions” to compounding-related questions could be
found. Those solutions could then be tested by modifying
the compounding exercises used in the required com-
pounding course. As such, the new elective course, The
Science of Pharmaceutical Compounding, was designed
to create opportunities for student-directed investigations
into the following: sources of unintentional potency var-
iation: assessment strategies to determine whether a
preparation was correctly or incorrectly compounded;
experimental techniques or devices that could be used to
analyze alterations in ingredients or modifications in
compounding method (ie, how do you determine whether
your changes made an improvement?); and recommen-
dations for quality improvement based on generated
laboratory data. The objective of this study was to de-
scribe the design and implementation of the P2 and P3
elective course and to provide an example of how their
solution to a compounding problem was evaluated in the
required P1 course.

METHODS

An elective compounding course was designed to
focus on the development of critical-thinking and prob-
lem-solving skills to help students retain and expand their
knowledge of compounding science. The elective course
was seen as having several characteristics of the learning-
centered course described by Albon.” In a learning-
centered course, the focus is on knowledge, skills, and
values that can be assessable, transferable, and relevant
to the learner’s pharmacy career.® Faculty members and
teaching assistants assume a facilitation role and the stu-
dents actively learn in a carefully structured, responsive,
and guided learning environment.’

The content for The Science of Pharmaceutical
Compounding course was subdivided into two categories
of experiences: research and development experiences
(eg, how to select appropriate methods to modify prepa-
rations, how to assess changes in compounded prepara-
tions); and methods to reduce potency (percent of label)
variability. Examples of the first category included: effect
of modifying tablet triturate bases on tablet hardness;
examining the distribution of particles in semisolids made
from different bases; measuring the effect of different
powder bases on effervescence; determining the effect of
different viscosity enhancing agents on sedimentation
rates and volumes; modifying melting points of suppos-
itories using different bases and ingredients; determining
the stability of different eutectic mixtures while altering
methods of preparation; determining dissolution rates of
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modified-release capsules with different excipients;
measuring particle size reduction caused by different
contemporary compounding equipment; evaluating the
properties of different gelling ingredients; determining
the tensile strength in “rectal rockets” made from dif-
ferent combinations of ingredients; developing a low-
temperature method for compounding lollipops; and
designing an orodispersible gel film with an appropriate
thickness. Examples of the second category (ie, methods
to reduce potency variability) involved changing methods
of preparation, substituting an ingredient or changing
concentrations of ingredients, using different equipment
or devices in the compounding process, and determining
the applicability of different analytical methods.

The elective course was organized as 16 different
laboratory experiences (one experience per week). The
elective was offered as two 8-week modules to both P2
and P3 year students in the second semester. These stu-
dents completed an 8-week rotation of in-school didactic
classes and an 8-week immersion experience off campus.
Therefore, students were given the opportunity to com-
plete one of the 8-week modules in the P2 year and the
other in the P3 year if they chose to do so.

Students met once weekly for four hours. Each week,
the course facilitator provided online resources and
readings relevant to the posed “compounding issue” stu-
dents were expected to understand before coming to class.
The first part of the class was used by faculty members and
teaching assistants to ascertain whether students had
completed and understood the pre-class assignments.
This was seen as an essential component of the laboratory
time because understanding the online material facilitated
a student-led discussion that would lead to a subsequent
action plan, which would be a significant attempt to re-
solve the posed compounding issue. The action plan
might involve devising a new analysis scheme or method
of compounding the preparation, substituting or changing
the ratio of excipient ingredients in the preparation, or
investigating a completely novel dosage form the students
had not compounded in the required compounding course
completed in their P1 year. Typically, students would
identify four to six variables to investigate, then the in-
vestigative work was distributed among the students and
carried out in the compounding laboratory. Examples of
variable data collected included particle size distribution,
pharmaceutical analysis, dissolution analysis, friability
testing, sedimentation rates and volumes, microscopic
examination, and tensile strength measurements.

After the students carried out their action plan in
the laboratory, they discussed the groups’ findings and
proposed a final recommendation based on all of the
students’ experiences during the laboratory period. The
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final recommendation would be incorporated into the
next offering of the required course to judge whether the
recommendation would indeed lead to an improvement
in the issue under investigation. Therefore, the link be-
tween the two courses (required and elective) was tangi-
ble and served as a quality improvement process within
the compounding laboratory.

All students were responsible for completing a lab-
oratory notebook report each week that included their
individual notes from the readings and group discussions,
documentation of laboratory activities, results, individual
analysis data, group analysis data, worksheets, checklists,
etc. Students were also evaluated during each class period
on their participation in pre-laboratory discussions as the
class required participation from all group members, and
the success of the group depended on insightful and
constructive contributions from every member. The
notebook was assessed by the instructor for completeness,
accuracy of information, and presentation of thoughts or
ideas from the student-based data collected during the
experimental portion of the class period. A grading rubric
was used to objectively assess the notebook (Appendix 1).
Individual student participation in the pre-laboratory
discussions was initially determined by peer-assessments
based on a five-question rubric (Appendix 2). This was
later converted to assessment of student participation
conducted by the instructor and based on a three-point
scale: one point if present but did not participate; two
points if one to two questions or comments were offered,
and three points if significant and insightful contributions
were made.

The final examination in the 8-week elective course
was labeled, “You as the Pharmacist.” Each student was
given a compounded preparation, the formulation record
used to compound the preparation, and a complaint (ie,
something was undesirable or problematic about the
preparation). The students were to formulate a hypothesis
as to the cause of the undesirable aspect and compound a
preparation that would resolve the issue. This was an
open-book, online examination, and students had to
complete the exam on an individual basis so the instructor
could assess students’ critical problem-solving skills and
application of knowledge gained throughout the course.

One objective of the elective course was to provide
insights into the sources of potency variability found in
preparations compounded in the required compounding
course. An example of this process was the Pluronic
organogel (PLO) emulsion containing ketoprofen. The
formulation record for this assignment is given in Ap-
pendix 3. A video demonstrating the compounding pro-
cedure is available on the pharmlabs.unc.edu website
(Emulsions: Preparation and Stabilization), and the
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analysis method is described on the pharmlabs.unc.edu
website (Resources > UV/VIS).

The PLO emulsion was compounded by placing the
ingredients in two 10-mL syringes, connecting the sy-
ringes with a luer-lock to luer-lock adapter, and repeat-
edly transferring the ingredients back-and-forth between
the syringes. After the preparation was completed, all the
emulsion was placed in one 10-mL syringe and aliquots of
1-mL oral syringes were taken from the 10-mL syringe.
One 1-mL syringe was used to prepare a sample to de-
termine the ketoprofen concentration in the PLO emul-
sion using a linearity spectrophotometric assay.

Several years of analytical data from the required
compounding course indicated the ketoprofen potency
variability of solutions compounded by P1 students could
be 60%-70% of the labeled concentration.” A similar
potency variation had been reported at another school of
pharmacy using a similar PLO preparation.'® In addition
to the potency variation, visual observations over time by
the course instructor had shown many of the PLO prep-
arations “separated or appeared clear” inside the 1-mL
oral syringes within 24 to 48 hours after compounding.

The P2 and P3 students in the elective course in-
vestigated several scenarios they thought might be re-
sponsible for the potency variability and separation of the
emulsion. The variables chosen to be investigated were:
use a syringe cap instead of Parafilm on the tip of the 10-
mL syringes; alter the speed of transfer between 10-mL
syringes (1 second vs 5 seconds); use different syringe
sizes to compound the preparation (3 mL vs 10 mL); use a
different number of transfers (5, 30, 50, 100); remove or
leave air bubbles in the syringes during the transfers; alter
total time of 30 transfers; and use different sizes of the
connector opening. The possibility of a non-uniform
ketoprofen distribution leading to separation within a
syringe was investigated by drawing samples from a
10-mL syringe from the opening, middle, and plunger end
of'the syringe barrel on day 1 and day 7 and comparing the
amount of ketoprofen in each segment. Separation was
also visually evaluated by the course instructor. The stu-
dents compounded their preparations in the same manner
as P1 students would in the required pharmacy course
and used a PLO emulsion compounded with a mortar and
pestle (packaged in an ointment jar) as an analytical and
visual observation standard. This method of preparing the
standard was suggested by the course instructor.

The final recommendation from the investigation
conducted in the elective course was implemented in the
subsequent offering of the required compounding course,
and the potency variability of P1 students’ compounded
emulsions was compared to the potency variability of
compounded emulsions by P1 students from the previous
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year (prior to the investigation and findings in the elective
course). A Wald z-test for the two means was used to
determine a statistical difference in ketoprofen potency as
the variance of each population size was known and each
population size was greater than 30. A p=.05 was used as
the level of significance. Institutional review board ap-
proval was deemed unnecessary for this study.

RESULTS

The greatest reduction in potency variability found in
the elective course investigation was replacing the Par-
afilm on the end of the 10-mL syringes with the luer-lock
type syringe cap. This was not a surprise as this step was
problematic for many P1 students when they compounded
the emulsion in the required course. Many students had
difficulty achieving a tight seal with the Parafilm,
whereas the syringe cap would consistently provide a
tight seal. There was no evidence of emulsion separation
on day 1 vs day 7, either by analytical results or visual
observation.

Based on the results, the use of syringe caps was
incorporated in the next iteration of the required course,
and the potency variability was compared with the results
of the previously taught required course. The ketoprofen
potency average in the required course before imple-
menting the recommendation (ie, using Parafilm) was
129% (SD 21%). After implementing the recommenda-
tion (ie, using the luer-lock syringe cap), the potency
average was 118% (SD 21%). These average potency
values were significantly different (p=.03), with more
potency accuracy seen in the preparations made using the
syringe cap (Table 1). The change in skewness and kur-
tosis seen in Figure 1 show a shift of values toward the
expected potency value of 100%. The skewness values
decreased from -0.76 to -1.45 when the elective course
implementation was executed, indicating a larger number
of students were able to achieve a more accurate potency
between the expected potency of 100% and the observed
average potency of 118% in comparison to the students in
the required course who compounded the emulsion before
the recommended change was implemented. The kurtosis
value also changed from 3.18 to 4.71, indicating a larger
number of P1 students were able to achieve a more ac-
curate potency using the recommendation made by the
elective course.

Therefore, students were able to compound their
PLO emulsion preparations with more accuracy. How-
ever, the mean potency was 118% in the group of students
in the required course who followed the recommendation
touse syringe caps. The failure to achieve a potency much
closer to 100% indicated the syringe cap was not the
only variable significantly affecting the potency of the
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Table 1. Comparison of Potency® of Ketoprofen Achieved by P1 Students in a Required Compounding Course Before and After
Implementation of a Recommendation Made by P2 and P3 Students in an Elective Compounding Course

Before Implementation

After Implementation

Potency, Mean (SD)

129% (21)

118% (21)

Observations, No. 158 131
Skewness -0.76 -1.45
Kurtosis 3.18 4.71
Range 32.5-188.9 14.8-153.6

# Potency based on percent of label

ketoprofen in the PLO emulsion. The students had based
their recommendation on the highest potency values they
had observed in their investigation. There were three
other parameters with potency values similar to but
slightly lower than the values achieved with the syringe
cap: using 1-second transfer times between syringes (vs 5-
second transfer times); using 3 mL syringes (vs 10 mL
syringes); and completing 50 transfers between syringes
(vs 100 transfers) to finish the preparation. Because stu-
dents in the elective course moved on to the next week’s
compounding issue, these additional parameters were not
considered, but will be considered in future iterations of
the required course.

DISCUSSION

The profession of pharmacy as a whole has been on a
trajectory to emphasize the development of cognitive
skills such as critical thinking and the application of
knowledge while minimizing the development of stu-
dents’ technical skills. In the compounding arena, both
cognitive and technical skills are required for pharmacists
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to deliver the level of personalized or precision medicine
that cannot be provided by commercially available
products. As the growth of pharmacogenomics continues
to determine appropriate therapies, there will be a more
important role for pharmacists to compound the individ-
ualized dosage forms that will be required to deliver such
therapies.'' "

The Science of Pharmaceutical Compounding elec-
tive was created to foster a research-based environment
with two overarching objectives: provide opportunities
for students to think critically, solve problems, and in-
dependently acquire learning skills required of pharma-
cists in a contemporary compounding practice; and
provide a mechanism to reduce the potency variability in
the preparations students make in the required com-
pounding course. Another incidental objective was to
provide a learning approach that would both expand
students’ understanding of compounding and foster their
retention of compounding skills.

The first study objective was achieved through the
class structure of the elective course, which added new
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Figure 1. The defined ranges of the potency (percent of label) of ketoprofen in PLO emulsion in a required compounding course
before and after implementation of the recommendation from students in an elective compounding course are presented to illustrate

the impact of skewness and kurtosis changes.
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elements of learning to the basic set of compounding
skills students had previously obtained. Students in the
elective course engaged in team-based exploration of
compounding as a science and used prior knowledge, as
well as readily available resources to better understand
various principles of compounding techniques. The
“process” of using the scientific method to investigate
hypotheses, create action plans, generate data, organize
and record results, reflect on the results, and then make a
conscious decision regarding what was the most reason-
able answer to the hypothesized question embodies all of
the critical elements of the objective. These very activities
have also been shown to expand and foster students’ re-
tention of knowledge in the subject. There is a body of
evidence that has shown knowledge acquisition and re-
tention can be enhanced if a course is designed to include
elements crucial to the development and practice of met-
acognition,'*?° including critical thinking, self-directed
activities, repetition,?’?® problem solving,'®'® and re-
flection.?**® In addition, research suggests people be-
come experts in a subject by learning to solve problems
that become progressively more complex over time.?’

The inclusion of higher-order thinking elements
prepares the students much more effectively for the role of
a compounding pharmacist. The required pharmacy
course addresses the knowledge, comprehension, and
application aspects of Bloom’s Taxonomy. It also begins
to introduce the importance of pharmaceutical analysis as
students analyze their compounded preparation for po-
tency.*® The elective course continues to build on this
initial skill set as students comprehend the relevance of
pre-class readings related to the posed “compounding
problem.” Synthesis is also achieved as students develop
their own hypotheses and design experiments to address
the problem. Lastly, the course promotes reflective eval-
uation as the students discuss and evaluate data obtained
through experimentation and then make a recommenda-
tion for addressing the initial problem. By achieving these
higher levels of Bloom’s Taxonomy, students have been
encouraged to engage in deep critical thinking and ap-
plication of problem-solving skills that can be applied
beyond the field of compounding.

The Science of Pharmaceutical Compounding elec-
tive course was developed with these elements of learning
embedded in the course design. The element of self-
directed learning could be visualized in the creation of
action plans. Repeated exposure to the “method” was
accomplished by encouraging students to use the scien-
tific method in the testing of hypotheses, critical thinking,
and evaluation of the data in the laboratory week after
week. Reflection was incorporated by requiring students
to complete individual laboratory notebook entries.
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Additionally, students reflect on the pre-laboratory dis-
cussion, both in creating an action plan and learning how
to proceed when confronted with similar compounding
issues or problems in the future.

The second objective, to create an educational
mechanism to improve potency accuracy outcomes, has
not been widely realized in schools of pharmacy.>>¢ A
survey evaluating the compounding curriculum within
pharmacy schools identified a lack of analytical testing in
educational compounding laboratories. Most survey re-
spondents cited direct observation as their primary as-
sessment approach, while only a small percentage (8%) of
institutions used a quantitative method to evaluate student
preparations.'® Some institutions have attempted to im-
plement analytical testing in the laboratory through
changes in course design and assessment.*' 7 One study
in which the accuracy of pharmacy student compounded
preparations were evaluated found only 54% of students
prepared the desired potassium permanganate solution
within 10% of the intended concentration.>” Students who
were unsuccessful in accurately compounding the solu-
tion had concentrations ranging from less than 75% to
greater than 200%. In other reports, 16% to 80% of stu-
dents were found to compound their preparations within
10% of a label on the first attempt.”® The lower per-
centages were obtained when students were compound-
ing labor-intensive preparations, such as medication
sticks, Pluronic organogels, or troches, while the higher
percentages were obtained when students were preparing
solutions and suspensions. Incorporating analytical test-
ing of compounded preparations into the pharmacy cur-
riculum gives students a sense of accountability for
ensuring their preparations meet the acceptable quality
standards before dispensing the preparation to a patient.'”
A previous study from this laboratory also demonstrated
student confidence increased when they were given the
opportunity to analyze their own preparations.>®

A third, though incidental, objective of this study was
to provide a learning approach that would both expand
pharmacy students’ understanding of compounding and
foster retention of their compounding skills. In the phar-
macy academic compounding community, retention of
compounding skills has been the focus of several studies.
One study found only 17% of students were able to
compound metoprolol capsules with the required com-
petency grade of 80% one year after they had com-
pounded the same preparation.®® Not only had these
students compounded metoprolol capsules the previous
year, they had also compounded four additional capsule
preparations during the same timeframe. Another report
showed 25% of students had difficulties retaining non-
sterile compounding skills for more than one semester.*°
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This lack of retention was also evident in compounded
sterile preparations, and was addressed by having stu-
dents complete additional training in their third profes-
sional year introductory pharmacy practice experiences.*'**
Several other studies support these findings by demonstrating
knowledge levels significantly increased immediately fol-
lowing training and/or continuing education courses, but
declined to near baseline within four to 10 weeks if no follow-
up training or practice experiences occurred.?'*%+3#4

Anecdotally, there are three aspects of the cyclic
arrangement between the required and elective com-
pounding courses worth mentioning. Retention of com-
pounding knowledge would seem a logical outcome of
such a course arrangement but would require another
study to prove such an assumption. The expansion of
students’ understanding of compounding was evident to
the course instructor, who was responsible for grading all
of the reports. The laboratory reports were organized
according to the rubric in Appendix 1. The pre-class
readings and discussion were the most revealing sections
of a student’s understanding of compounding science.

In the first offering, 11 students completed the
elective course (3 in the first 8 weeks, and 8 in the second 8
weeks). The group sizes were small and the discussions
were rich in content. During the second course offering,
35 students completed the elective course, with 15 stu-
dents in the first 8-week session, and 20 in the second 8-
week session. In the first 8-week session, the course in-
structor and teaching staff found it difficult to achieve the
same high level of participation as was seen the previous
year with the smaller enrollment. During the second 8-
week session, the class of 20 students was split into two
10-student groups with separate teaching assistants, and
each group operated independently. This restored the
desired level of participation and added an unexpected
additional interaction between the groups. The two 10-
student groups “became” a single, larger group, sharing
their individual action plans and collected data. This in-
teraction created another layer of collaborative learning
and discussion. A group size of 10 students per teaching
assistant would be optimum for this type of elective
course, and this also establishes a scalable structure as
course enrollment continues to expand.

CONCLUSION

Schools of pharmacy have significant challenges in
providing sufficient compounding education to ensure
their graduating students are adequately prepared to be
compounding pharmacists in a rapidly evolving health
care environment. The challenges to compounding itself
are continuously impacted by technologies such as 3D
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printing, pharmacogenomics, and advances in
biotechnology pharmaceuticals. Compounding provides
totally personalized medications for patients. There is not
and will not be a “one size fits all” answer in any com-
pounding situation, so students must have the ability to
critically think and solve problems to provide the per-
sonalized support those patients need. Completing The
Science of Pharmaceutical Compounding elective, which
includes discussing and investigating solutions of realis-
tic compounding problems, enables our students to think
more critically about situations they will encounter in
their careers and to develop a method that will enable
them to propose rational solutions to these issues.
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Appendix 1. Lab Notebook Rubric Used to Evaluate Students’ Notebook Each Week

Documentation should strive to be complete, logical, detailed, relevant, organized, concise, and legible. Individual sections will be
graded as follows (point value shown in parentheses).

Objectives (1)
Clear statement of question the module is addressing. Outline achievable parameters to be completed within the lab period.

Pre-Class Readings (3)

Thoughtful reflection on important points from the assigned readings: What was new to you? What was interesting to you?
What caught your attention?

Pre-Class Discussion (2)

Notes taken during discussion that expand on relevant points or parameters that might be included in the Action Plan.
Action Plan (2)

Clearly articulate plan for today’s lab. Describe goal and rationale for the plan.

Lab Notes (3)

Completely and concisely detail what was performed in lab: activities conducted, equipment utilized, operational parameters,
ingredient specifications

Analysis (2)

Describe how analysis was performed: record all analytical data.
Group Results (2)

Collect and document results from all students: tabulate data, create trend analysis (if appropriate).
Discussion (2)

Address original problem and if the hypothesized solution was successful; determine if group data suggested alternative
solutions. Identify remaining questions and next steps.

Final Recommendations (2)

Offer viable advice to optimize the formulation

Copies of Relevant Documents (1)

Appendix 2. The Initial Student Evaluation Form Used in the Elective Course for Class Participation

Your participation grade consists of 15 possible points each week:
5 points for submitting your evaluation form each week
10 possible points from your peers’ evaluation of your participation.

Evaluating peers: Be thoughtful and honest in your evaluations. The course is based on productive participation in the group
discussions.

Each attribute will be worth a possible 2 points:
2 points = Performed well; excellent participation
1 point = Performed adequately
0 points = Unsatisfactory
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Attributes Considerations Points

Preparedness Was the student prepared for class today? Was it
evident that they had completed the assigned
readings/videos prior to class?

Contribution Did the student actively participate in the group
discussions?

Quality of Contribution Were the student’s contributions useful,
constructive, and relevant to the group?

Ability to Respond Was the student able to respond to questions
when asked directly?

Creative Discussion Was the student able to have a creative

discussion involving viewpoints differing
from their own?

Appendix 3. Formulation Record for Ketoprofen in a PLO Emulsion

Therapeutic
Ingredient Quantity Physical Description Solubility Activity
Ketoprofen 10% w/v white powder soluble in alcohol, acetone,  anti-
chloroform inflammatory
Ethoxy Diglycol 20% v/v  clear, unctuous liquid NA solvent
Lecithin Isopropyl Palmitate 22% v/v  viscous, tan to brown solution see below vehicle,
Solution surfactant
Poloxamer—407 20% Gel gs 100% clear solution at cold temperature;  see below vehicle,
forms gel at room temperature surfactant

Additional Information:
Lecithin can be derived from eggs but is derived mostly from soybeans. Soybean lecithin contains palmitic, stearic, palmitoleic,
oleic, linoleic, linolenic, and arachidonic acids. It is used as a natural surfactant and emulsifier. Lecithin Isopropyl Palmitate
Solution contains soybean lecithin 10 g, isopropyl palmitate 10 g, and sorbic acid 0.2 g.

Poloxamer—407 (Pluronic F-127) is one of a series of polymers known as Poloxamers. They are used as nonionic surfactants.
Poloxamer—407 is more soluble in cold temperatures (ie, reverse thermal solubility). Solutions should be refrigerated until use
since it will gel at room temperature. Poloxamer—407 20% Gel is Poloxamer—407 20 g, potassium sorbate 0.2 g, gs to 100 mL with
Purified Water.

Example Calculations:
Equipment Required:

Class III prescription balance
plastic 10 mL luer-lock syringes
luer-to-luer syringe connector
luer-to-oral syringe adapter

1 mL oral syringes with caps
syringe box

Method of Preparation:
Accurately weigh the ketoprofen in a weigh boat.
Add the ethoxy diglycol to the ketoprofen in the weigh boat and dissolve the powder.
Transfer the mixture into a 10 mL syringe after wrapping the tip with Parafilm. Use lecithin isopropyl palmitate solution to rinse
the weigh boat and help quantitatively transfer the ketoprofen into the syringe.
Carefully remove air from the syringe and determine the volume of Poloxamer gel needed.
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Transfer the appropriate volume of Pluronic gel into another 10 mL syringe using the luer-to-oral adapter.

Remove all air from the syringe.

Attach the luer-to-luer syringe connector to the two 10-mL syringes and transfer the emulsion back-and-forth between the
syringes until well mixed.

Package in an appropriate container.

Description of Finished Product: White to yellow-white emulsion with lotion consistency

Quality Control Procedures:
Content analysis
Final product weight

Packaging Container: Package in appropriate container
Storage Requirements: Store at room temperature: if stored at cold temperature, the Poloxamer gel will liquefy.

Beyond-Use Date Assignment:
USP <795> Guidelines: Water containing topical or semisolid formulations. (Note: Potassium sorbate is a mold and yeast
inhibitor). Assign 30 days.

Label Information: External Use Only
Source of Recipe:

Literature Information:
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