
• Our research group’s next step was to develop a simple, 
qualitative tyrosinase inhibition assay for the organic 
chemistry laboratory. 

• Slices of the selected fruit or vegetable were dipped into 
the TSC solution or control solutions

• To inhibit the act of tyrosinase, we used 
TSCs: cinnamaldehyde-TSC, 
p-tolualdehyde-TSC, salicylaldehyde-TSC, 
thiophenecarboxaldehyde-TSC, 
p-methoxybenzaldehyde-TSC, 
m-chlorobenzaldehyde-TSC, and 
others.

• Fruits and vegetables tested were: apples, potatoes, pears, 
bananas, avocados, eggplants, mushrooms, and rutabagas.

• Browning was then allowed to occur for several hours.

• Organic chemistry students would record their browning 

reaction on an iPad time-lapse app. 
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Background Greener TSC Synthesis

TSC Formation:

• Recently, our research group developed a greener synthesis of 
TSCs.

• Procedure: Thiosemicarbazide (5 mmol) was dissolved in 9 mL of 
solvent and combined with either a liquid aldehyde or ketone (5 
mmol) dissolved in 1 mL of solvent. The solvent is a mixture of 3 
mL 80% lactic acid and 7 mL of distilled water. Combination of  
the thiosemicarbazide in solution and the aldehyde or ketone in 
solution results in the synthesis of a TSC.

• TSCs shown in the table below were washed first with saturated 
sodium chloride and then with distilled water. 

• The time efficiency allows TSCs to be made in teaching labs.
• 20 TSCs have been made with this method.
• Small laboratory classes allow for each student to synthesize and 

analyze their own TSC.

TSC Discussion

TSC Specificity

• NMR data and melting points indicate that the TSCs were 
very pure, even without recrystallization. 

• Water was the most common impurity based on NMR 
spectra.

• For TSCs that were less pure, the reaction conditions will be 
optimized.

• Our research group wanted the students from organic 
chemistry lab to apply their TSCs to “real-life chemistry” 
using the tools and skills available to them in organic lab.

• We already knew that TSCs are known to inhibit the plant 
browning enzyme tyrosinase. 

Tyrosinase Bioassay 

• Catalase is another common metalloenzyme.
• When hydrogen peroxide was added to the browned fruit 
or vegetable, the catalase broke down the H2O2 to water 
and oxygen gas. O2 is observable because it effervesces.
Once bubbles were visible, we concluded that catalase
was active. The inhibition of tyrosinase from the TSCs
assays was isolated. 
• TSCs were tested on spot plates to determine which metal ions they 

formed complexes with. If reactive, usually a color change and formation 
of precipitate occurred. 

• Catalase and Tyrosinase both need 
metal ions to work. Tyrosinase uses 
Copper. Catalase uses iron.
• Since catalase remains unaffected, 
• TSCs are not strong enough to pull the iron out of the heme group.
• This is why only 
tyrosinase is affected.

Student time-lapse 
videos of browning 
reaction:

untreated
EtOH only
EtOH + 2-3 mg/mL 
ald/ket
EtOH + 2-3 mg/mL 
TSC
peroxide added at 
end (TSC 
Specificity)

Biochemistry Collaboration
• Quantitative: Many inhibition studies have been performed to test 

tyrosinase after first isolation the enzyme and purifying it
• Qualitative: We developed an assay where solutions of TSCs and 

control compounds were applied directly to fresh plant slices of 
interest

• A collaboration with biochemistry students will allow our organic 
students to pass on promising inhibitors they synthesized for 
quantitative analysis in the biochemistry laboratory.

• Student results: Cin-TSC was determined to be a mixed 
inhibitor because it increased the noted Km and reduced in 
Vmax. It was also an effective tyrosinase inhibitor.

(Cuvette Picture) Tyrosinase activity assays in the presence of TSC inhibitor (different 
substrate concentrations; substrate is L-DOPA). Highest L-DOPA concentration is on the 
right.

Catalase heme group: http://copper.atomistry.com/pdb3nq5.htmlSelection of tyrosinase: 
http://watcut.uwaterloo.ca/webnotes/Metabolism/ironStructureFunction.html

Final Analysis
• TSCs have many beneficial and promising  uses. 
• The ability to synthesize TSCs with a greener method allows them 

to be created by students in organic laboratories. 
• Students are finally able to put their product to use and actually 

observe one of the properties of the TSCs–tyrosinase inhibition.
• TSCs effectively inhibit tyrosinase but not catalase.
• A long term goal of this project is to create a formula for those 

suffering from pigmentation defects like hyperpigmentation 
disorder, where the TSC containing formula would be applied 
topically, just as in our bioassay. 
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• Thiosemicarbazones (TSCs) are a class of 
compounds found with antifungal, antibacterial, 
antimalarial, anticancer, and antiviral properties. 
They are also used commercially as dyes, in 
photographic films, plastic, and in the textile 
industry. 

• TSCs are also know inhibitors of the copper-
containing enzyme tyrosinase. 

• Tyrosinase is the plant browning enzyme 
responsible for catalyzing the production of melanin 
and other pigments through oxidation of tyrosine.


