
Herpes simplex virus 1 (HSV-1) is a pathogen that affects more than 
half of the population worldwide (Greeley et al., 2020). There are 
multiple drugs used in the treatment of HSV, including acyclovir (ACV) 
– used to treat HSV and chicken pox – and cidofovir (CDV) – typically 
used to treat eye infections caused by cytomegalovirus (CMV). Each 
drug has a specific safety, tolerance, and optimal dosage profile, and 
these properties may be effected when drugs are used in combination, 
primarily because of host metabolism (Meredith and Elliott, 1992).

The purpose of this project was to determine whether metabolism of 
ACV and/or CDV changes their safety profile. These drugs were tested 
on S9 fractions, essentially tissue homogenates of human liver and 
kidneys, the primary organs that metabolize drugs. MTT assays were 
performed in order to determine cell viability (Stegman et al., 2018), 
and therefore the safety of these drugs alone and in combination, after 
modification by host enzymes. The ultimate purpose was then to 
determine which combination of drugs is the safest and most effective 
in treating and potentially preventing HSV-1. The null hypothesis stated 
that there is no difference in the effect each drug or combination has on 
cell viability, while the alternative hypothesis stated that there would be 
a difference in the effect each treatment has on cell viability.

To begin safety assays, each treatment was added to 5.0 x 104 Vero 
cells in a 24-well plate and incubated for 24 hours. The MTT solution 
was made and used as in Figure 2. The solution in each well was then 
transferred to a corresponding well of a 96-well plate and absorbance 
readings were recorded on a VersaMax Tunable Microplate Reader 
(Molecular Devices, Sunnyvale, CA).

The data collected from the MTT assays cannot be used when 
determining an accurate cell viability for the given treatments. The 
treatments that contained kidney S9 fractions showed a drastic increase 
in viability; however, this increase was only because of the enzymes 
present in the S9 fraction were ultimately responsible for reducing the 
MTT reagent well above what the cells themselves would have done; 
the MTT assays focused on assessing metabolic activity, which was 
considerably confounded by these enzymes.
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Fifteen different
treatments were
prepared in 
triplicate (Table 1). 
The same process 
was followed for 
each of the 
treatments (Figure 1). 
Once treatments were 
made they were kept in the -20 °C freezer until assays were performed.

ACV  ACV CDV  CDV K    Cells
+K                +K              only

The purpose of this project was to determine the interactions between 
each of the drugs with and without each of the S9 fractions, through cell 
viability assays. The null hypothesis was rejected, indicating that there 
was a significant difference between cell viabilities; however, there was 
not a significant difference between the drug only treatments and the 
cells only. Due to the results achieved from the MTT assays, one of the 
next steps for this project includes performing BrdU assays, which 
focus on DNA replication rather than mitochondrial activity, in order to 
achieve reliable cell viability data. Plaque assays could then be 
performed in order to determine the effectiveness of each drug or 
combination on treating HSV-1. An application of this project includes 
using the achieved drug combination in a previously engineered vaginal 
ring in order to prevent infection of HSV and possibly offer suppression 
and reduction of outbreaks in those who have already been affected.
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A significant difference between treatments containing S9 and 
treatments that did not was shown (Graph 1), ultimately rejecting the 
null hypothesis.

Graph 1 (above): The cell viabilities of each treatment were compared. Six trials 
were performed for kidney S9 fraction alone (K) and cells only, with three trials 
performed for the other treatments (ACV alone, ACV + kidney S9, CDV alone, CDV 
+ kidney S9); cells only were used as a baseline for cell viability against which all 
other treatments were compared. A one-way ANOVA test was performed and showed 
a significant difference between the mean viabilities (p = 0.031) at the α = 0.05 level. 
This graph shows the high viability percentages for the ACV + K, CDV + K, and K 
samples (M = 276.7, 353.8, and 261.9, respectively), each of which contain kidney 
S9 fractions. The ACV and CDV alone treatments showed similar viabilities when 
compared to cells only. It is important to note that the kidney only treatment had the 
largest standard deviation (SD = 206.7) including a point with value of -26%, which 
was disregarded in this graph.
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Figure 1 (above): Treatment preparation. Each drug was used at its IC50 (half maximal 
inhibitory concentration) value: 0.9 µg/mL for ACV and 1.77 µg/mL for CDV. The 
NADPH used had a 20 mM concentration.

ACV CDV ACV/CDV Neither
Kidney X X X X
Liver X X X X

Kidney/liver X X X X
Neither X X X N/A
Table 1 (above): Each of the treatments consisted of a 
given amount of drug(s) and a given amount of S9(s). 
“N/A” represents a treatment that was not made. ACV ACV+K    CDV    CDV+K K       Cells only

Figure 2 (below): MTT cell viability assays. The first two 
boxes describe how the working MTT solution (wMTT) was 
made. The following boxes describe use of wMTT. When 
DMSO was added to the wells they either remained yellow 
or turned purple – indicating that the MTT had been reduced.
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20 mg MTT
4 mL PBS

Incubate for 30 
minutes at 37 °C

2.9 mL previous
26.4 mL PBS 

(this is “wMTT”)

Aspirate growth medium + treatment
Add 1 mL PBS wash

Aspirate
Add 400 uL wMTT

Orbital shaker for 
15 minutes at 25 °C

Add
800 uL DMSO


