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The field of pharmaceutical science requires the integration of key concepts from both
chemistry and biology. As part of a new degree program in the Faculty of Pharmaceutical
Sciences, | have designed a series of laboratory activities to complement lecture concepts
In pharmaceutics, genetics, and nanomedicine that allow students to develop the ability to
generate, interpret, and analyze data. Students begin the labs by exploring concepts of
solubility, diffusion, and permeability using decalcified eggs, followed by use of a Franz
diffusion chamber to see how drugs are able to transit this membrane over time. Building
upon the increased familiarity with the lab, we next explore how GST metabolism is
affected by both biological sex, and pH, through the use of male and female mouse liver
cytosol and the UV detection of substrate metabolites. The third lab introduces concepts
from pharmacogenomics with the students having the opportunity to extract their own DNA
and see the correlation between their ability to taste bitter compounds and the SNPs
present in their TAS2R38 gene. The fourth lab introduces concepts from nanomedicine with
students first preparing liposomes using extrusion techniques and analysing their
liposomes’ physical properties and loading efficiencies. The final lab has students assist
with the preparation of liposome encapsulated siRNA using a microfluidic chip-based
system, and the subsequent use of these particles to knock down expression of GFP
expressed in HEK cells. This ties back into lecture content where they have covered the
production and use of siRNA drugs like the anti-cancer medication patisiran. These labs
help to introduce basic lab techniques while reinforcing lecture concepts, helping to prepare
students for more advanced lab courses in their third year.

Diffusion of drugs across biological membranes

This is the first lab of the course and is meant to provide a fun introduction to the lab. It
references concepts discussed in lecture allowing hands-on exploration of the movement of
water across a semi-permeable membrane, and the effects of dissolved solutes on
biological systems. Determining if a compound is able to pass through a biological barrier is
critical in drug development. Here we use chicken egg membrane as a crude mimic of
epithelium. Students also test solubility of drugs forming hypotheses about what will or will
not dissolve in a particular solvent based on the drug’s known physiochemical properties.
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Bitter taste phenotype-genotype correlation

This lab complements a series of lectures on basic genetics that lead into discussion of
pharmacogenetics and pharmacogenomics. The ability to taste bitter compounds is
primarily determined by three missense-coding single nucleotide polymorphisms (SNPs) in
TAS2R38 at positions 145, 785, and 886 of the open reading frame giving rise to the PAV
(taster) and AVI (non-taster) diplotypes?®. The bitter-taster phenotype is easily determined
using commercially available PTC, thiourea, and PROP tasting strips.

The genotype can be determined by sequencing*, affording a number of excellent learning
opportunities, however this can be difficult with larger groups. Each SNP is located at the
site of an Fnu4HI or Bccl restriction enzyme recognition site, and the SNP alters this site.
Amplifying these regions, digesting, and running on polyacrylamide gels allows easy
determination of genotype. Students may, for any reason, decline to extract or test their
own DNA and are provided with an instructor sample to use instead, allowing participation.
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The effects of sex and pH on drug metabolism

This lab covers lab calculations, solution making, and drug metabolism and the factors
affecting it such as sex and pH. Drug metabolism is known to be significantly different
between men and women®. The cytosolic GSTs are a superfamily of enzymes that detoxify
numerous endogenous and xenobiotic compounds®. Their activity can be determined by
combining liver cytosol, buffer, a substrate, glutathione, running a kinetic assay, and then
using the Beer-Lambert law to determine the concentration of the resulting metabolite”®.
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Li|:_>osome extrusion for drug encagsulation

This lab occurs concurrently with a series of lectures on nanomedicine, liposomes being
one of the most common nanoscale vehicles for drug delivery, and extrusion being a
common method of production'®. Here we produce liposomes using passive loading to
encapsulate the fluorescent dye Nile Blue A. The encapsulation efficiency is measured by
fluorescence, and particle size and uniformity evaluated by dynamic light scattering using
the Malvern Instruments Zetasizer Nano ZS.
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LNP-mediated gene knockdown by dsiRNA
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