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Abstract

We focused on the positive effects on plants using herbs. We used sweet basil,
rosemary and dill in our experiments. First, we made two types of solutions which
were inorganic and organic solutions. 8 solutions (inorganic and organic solvents
created from sweet basil, rosemary, dill, and white clover) were created. The
solutions made from white clover were made as common plants to use as controls to
compare with herbs. In Experiment 1, we found herbs have the ability to prevent
germination and in contrast they have another ability to promote the growth after
germination. In Experiment 2, herbs helped recovering plants become healthier than
those grown with water. In Experiment 3, herb solutions were successful in sterilizing
bacteria. In the future, we want to conduct experiments by mixing the solutions.
Eventually, we want to create a solution from herbs that can help plants with disease
recover.

Keywords: herb, inorganic, organic, germination, promote, growth, sterilizing,
bacteria, recover
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Introduction
Herbs have many effects like sterilization, weeding, antiseptic and insect
repellents. Moreover, herbs are aromatic, so they have sedation and excitement
effects. So, we were interested in using herbs in our research. We used three types
of herbs which are sweet basil, dill, and rosemary. Sweet basil has flat and large
leaves and it contains lots of calcium and vitamin K. Dill has slender stems and is
often eaten with salmon. It contains primarily vitamin C and manganese. Rosemary
has tough stems and good flavor. It is rich in iron, calcium, and vitamin B-6. Now,
medicines made from herbs for helping humans are widespread. However, no
medicine for helping plants has been discovered yet. Our hypothesis is herbs have
benefits on plants. Our purpose is to create a solution which can be used as a natural
agricultural chemical from herbs.
Materials and Method
Materials O
Before carrying out my experiments, we made 8 kinds of solutions which are
inorganic and organic solvents derived from sweet basil, rosemary, dill, and white
clover. We used an electronic weighing instrument, beaker, ion exchange water,
dispensing spoon, pestle, mortar, funnel, Kimwipe, ethanol, glass petri dish, micro-
spatula, conical tube, and transfer pipette.
Method O
The production method of inorganic solutions:
(1) 1g of each herb and the white clover were soaked in hot water for one day.
(2) The leaves were collected and crushed in water using a mortar and pestle.
(3) The liquid was filtrated out and diluted with water.
The production method of organic solutions:

(1) 1g of each herb and the white clover was soaked in hot water for one day.
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(2) Leaves were collected and crushed in ethanol using a mortar and pestle.

(3) They were dried in glass petri dishes.

(4) After a few days, the residue was collected used to make a powder.

(5) The rest of powder attached to the glass petri dishes was dissolved by
ethanol to eliminate lipids and these solutions was put into conical tubes and
dried.

(6) After drying, powders (made in method 4) and solutions (made in method 5)
were diluted by water.

+«+ The concentration was constant at 100 mg/ml.

Table 1. The 10 kinds of solutions used in experiments

Inorganic | Sweet basil Rosemary Dill White clover Water
Organic | Sweet basil Rosemary Dill White clover Ethanol
Materials 1-1

We researched the difference in the germination rate using herb solutions and
other solutions. We used the 10 kinds of solutions, petri dishes, cotton sheets, radish
sprout seeds and white clover seeds.

Method 1-1

10 radish seeds on each cotton were put in each petri dish and soaked in the 10

solutions (Table 1). They were then observed daily for 6 days. The experiment was

repeated using white clover seeds.
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Fig.1 Observation of the germination of radish sprouts from day 1 to day 6. Petri dishes are arranged

as shown in Table 1 above.

Fig.2 Observation of the germination of white clover from day 1 to day 6. Petri dishes are arranged as

shown in Table 1 above.
Materials 1-2

We researched the difference in growth using different herb and other solutions
using the same materials as in experiment 1-1.
Method 1-2

10 pieces of cotton with 10 radish seeds on each were prepared. They were
grown until they germinated. After germination, sprouts were divided into separate
petri dishes and soaked with 10 kinds of solutions (Table 1). Their growth was then

observed over 3 days. The experiment was repeated with white clover seeds.

16



The places of 10 kinds of solutions

inorganic | white |[dill | sweet |rose |water
solvent clover basil | mary

organic white |dill | sweet |rose |ethanol
solvent clover basil mary

The places of 10 kinds of solutions

inarganic | white |dill | sweet |rose |water
solvent clover basil mary

organic white |dill [sweet |rose |ethanol
solvent clover basil mary

Fig.4 Observation of the growth of white clover from day 1 to day 3.

Materials 2

We researched the difference in the recovery power while using herb solutions

and water. We used the organic solutions of 3 kinds of herbs, water, petri dishes,

cotton sheets and radish sprouts.
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Method 2

4 pieces of cotton with 10 radish seeds were prepared in separate petri dishes.
They were grown with water until they germinated. After germination, the water was
removed causing sprouts to wilt. After 1 day without water, they were soaked with 4
kinds of solutions (water, sweet basil, rosemary, and dill). The herb solutions were
diluted at 250 pl of undiluted solution / 20 ml of water. The recovery power of each
solution was observed for 1 day every 12 hours.
Materials 3

We checked if the bacteria could be sanitized by the herb solution. 3 kinds of
herbs powder, LB medium (Trypton, NaCl, ager, Yeast extract), E. coli, petri dishes
and pipettes were used.
Method 3

First, LB mediums were made. Herb solutions were diluted to 1/10 and 1/100
(The concentration of undiluted. solution was constant at 100 mg/ml). E. coli and
herb solutions were then mixed. They were put on the mediums. After a few days,

they were incubated at 37C° and observed.

Fig.5 LB medium before Fig.6 LB medium after
addina solutions. adding solutions in a

grid formation.
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Data Analysis
Result 1-1

Herbs and clovers had greater suppression effects than water on the
germination of plants. Dill and clover were found to have especially strong
suppression effects. Also, herbs had a positive effect on the growth of plants after
germination. It was thought that herbs inhibited Gibberellin, a plant hormone, during

germination. It is thought the growth was due to the effect of fertilizer which was used

in one of the growth conditions.

water white clover dill sweet basil rosemary
Fig.7 Comparison of germination rates of radish seeds in the 10 solutions. Top: inorganic solution.

Bottom: organic solution.

Fig.8 Germination rate of white clover seeds in the 10 solutions. From left to right: sweet basil,

rosemary, dill, white clover, water (top) / ethanol (bottom). Top: organic. Bottom: inorganic.

Result 1-2
The radish plants had a successful recovery from their weak condition by using

4 types of solutions. Furthermore, the plants were healthier when herbs were used
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more than water. Especially, sweet basil and rosemary had a positive effect on the
plants. It was thought that herbs had some organic nutrients like vitamins that helped

the plants to recover quicker.

water | white white |sweet |sweet |[dill dill rose rose
clover |clover | basil basil (Inorg.) | (Org.) | mary mary
(Inorg.) | (Org.) | (Inorg.) | (Org.) (Inorg.) | (Org.)

Sweet
basil

Dill Rose Rose
(Org.) | mary mary
(Inorg.) | (Org.)

Dill N
(Inorg.)

clover
(Inorg.)

Fig.10 Growth of white clover in the 10 solutions.
Result 2

Radish sprouts successfully recovered from their weak conditions by using 4
solutions. Furthermore, herbs demonstrated greater recovery power than water.

Especially, sweet basil and rosemary had benefits

water sweet basil rosemary dill
Fig.11 Radish sprouts when water was removed.
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water sweet basil rosemary dill
Fig.13 24 hours after adding solutions.

Result 3

3 kind of herbs could suppress the bacteria, so they had antibacterial effects. It
was thought that herbs have special properties. The condition was revealed when the
bacteria was removed. For these reasons, the content of the solution will be removed

to remove substances like protein and glucose.

Rosemary—
Sweet basil—
Dill—

Fig 14 LB After preparation Fig 15 LB medium after

incubation
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Table 2. Summary of the results from experiment 1 to 3

Water Ethanol Sweet Dill Rosemary White
basil clover

Ex.1 Germination o X A A A X
(radish)
Ex.1 Germination o x A A A A
(clover)
Ex.1 Growth o) / © © o) o
(radish)
Ex.1 Growth o / o) © © o
(clover)
Ex.2 Recovering o / © o © /
Ex.3 Sterilization / / o © o /

©; greater promotion than water o;same as water A ;less promotion than water
x; greater prevention than water /;did not do

Discussion

I "Why did herbs suppress the germination rate and promote growth?”
It was thought that herbs inhibited Gibberellin, a plant hormone in germination.
Also, we thought the growth was due to benefit of fertilizer which was used in
one of the growth conditions.

I “Why could the herbs help plants become healthier?”
It was thought that herbs had some organic nutrients like vitamins that helped
the plants to recover healthier.

I “Why could the herbs suppress bacteria?”
It was thought that herbs have special properties. The condition was revealed.
when the bacteria was removed. For these reasons, the content of the solution

will be removed to remove substances like protein and glucose.
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Conclusion

In Experiment 1, herbs and white clovers had a greater suppression effect on
plants. Also, they promoted growth after plant germination. It was found that dill had
a better effect on the plants.

In Experiment 1, both inorganic and organic solutions were used but in
Experiment 2, we used only organic solutions. Herbs were found to help the plants to
recover faster. In particularly, sweet basil and rosemary were the most effective. Dill
was shown to be more effective when an inorganic property was used. On the other
hand, sweet basil and rosemary were more effective when an organic property was
used. Clover had some effect, but it was found that herbs were more effective.

In experiment 3, we found the 3 herbs had anti-bacterial effects. However, the
bacteria elimination which we could observe was minimal, so we want to try again.
Ideas for Future Research

Dill was found to be the most effective. Thus, it is recommended to do more
experiments using dill. Also experiment 2 and 3 should be repeated using mixed herb
solutions such as sweet basil and dill, dill and rosemary and rosemary and sweet
basil. In experiments 1 and 2, only radishes and white clover were used, so | want to
use other plants like flowers and do the same experiments. The growing environment
should also be changed from cotton to soil to simulate actual conditions for growing
plants. Lastly, sterilization of real molds attached to real plants will be carried out.
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Abstract \

Herbs have many benefits. It is said that herbs are useful plants for sterilization, weeding, antiseptics and insect repellents. Moreover, herbs are aromatic so they
have sedation and excitement effects. So, we were interested in using herbs in our research. Although it is already known that medicine is made from herbs to help
humans, medicine for helping plants has not been discovered yet. In our research, we focused on the benefit of herbs on plants using herbs. In our experiments,
we used Sweet Basil, Rosemary and Dill as herbs. Before carrying out our experiments, we made two kinds of solutions which were inorganic and organic solutions.
In Experiment 1, we found herbs have the ability to prevent the germination and in contrast they have another ability to promote the growth after germination. In
Experiment 2, herbs helped plants to recover. Then, the length of each root was soaked in an herb solution longer than water. In Experiment 3, the dill solution was
successful to sterilize bacteria. Eventually, we want to create a new herb solution that can help plants to recover from disease as our future plan.

Fig. 1 3 types of herbs

Preparation

Two kinds of solutions which are inorganic and organic solvent by using water or EtOH were made.

olnorganic solvent (used in Ex.1) oOrganic solvent (used in Ex.2,3)

L. 1gofthree types of herbs and white 1. 1g of three kinds of herbs were measured and soaked in hot

clover were measured and soaked in
water.

2. They were crushed in ethanol.
3. They were dried in glass petri dishes.
4. After a few days, they were collected and made into a powder.
5. The rest of the powder was dissolved by ethanol to
eliminate lipids; these solutions were put into conical
tubes and dried.

hot water.
2. Then, they were crushed.
3. Liquid was filtrated from them.

6, After drying, these solutions and powders were
diluted by water.
X The concentration was constant at 100 mg/ml.

Fig. 3 Crushed with EtOH  Fig. 4 Dried in glass petri dish

Fig. 5 Herb powder

Fig. 6 Inorganic solutions

Experiment 1

In this experiment, we researched the germination rate and growth using 10 solutions.

Materials

P Method 2 (Growth

1. 10 pieces of cotton with 10 radish seeds on each
were prepared and grown until germinated.

2. The same experiment was conducted using
white clover.

3. After germination, they were divided into petri
dishes one by one and were soaked in 10
different kinds of solutions.

4. The growth of each was observed after 3 days.

* 10 solutions

(with and without EtOH)

Rosemary water, White clover water,

Dill water, Sweet basil water
* Petridish * Cotton sheet
* White clover and radish seeds
Method 1 (Germination rate)
1. Cotton was put with 10 radish seeds in each petri dish.
2. They were soaked with 10 different kinds of solutions.
3. The same experiment was conducted using white clover.
4. Both were observed daily for 6 days.

Above; Table 1 Organic and Inorganic Solutions
organc W.C. | Dill |Basil |Rosemary | EtOH
solution

W.C. Dill |Basil |Rosemary |Water
Below; W.C.; white clover

inorganic solution

Fig. 7 Observation of radish sprouts on Day 1 (left) and Day 6 (right)

Result 1 & Discussion 1 ‘

Herbs and clovers had greater suppression effects than water on germination of plants. Especially, dill and clover
were found to have strong suppression effects. Also, herbs had a positive effect on the growth of plants after
germination.

Water

White clover Dill Sweet basil Rosemary

W.C
Fig. 9 The growth rate of radishes (left) and white clover (right) in 10 different types of solutions

Dill S.B.  R.M. water EtOH W.C Dill S.B.  R.M. water EtOH

I .”Why did herbs suppress the germination rate and promote growth?”

It was thought that herbs inhibited Gibberellin, a plant hormone in germination. Also, we thought the growth
was due to the effect of fertilizer which was used in one of the growth conditions.

Result 2 & Discussion 2 ‘

The radish plants had a successful recovery from their weak condition by using 4 types of solutions. Furthermore,
the plants were healthier when herbs were used more than water. Especially, sweet basil and rosemary had a
better effect on the plants.

Table 2 4 types of solutions

Dill

Water Rose

mary

Sweet
basil

IT . Why could the herbs help plants become healthier?

It was thought that herbs had some organic nutrients like
vitamins that helped the plants to recover quicker.

Fig. 14 24 hours after giving each solution

Experiment 3
It was thought that these 3 kinds of herbs have anti-bacterial effects. Bacteria was tested to see if it could be
sanitized by them.
Materials
* 3 kinds of herb powder
= LB medium (Trypton, NaCl, ager, Yeast extract)
= E.coli * Petridish * pipette

Method

1 LB medium was made.

> Herb solutions were diluted (1/10 and 1/100).
s E.coliand herb solutions were mixed.

Fig. 15 LB medium

. They were put on the medium.
s After a few days, they were incubated at 37C° and observed.

Result 3 & Discussion 3 \

As aresult, 3 kind of herbs could suppress the bacteria. So they had antibacterial
effects. It was thought that herbs have special properties. The condition was revealed
when the bacteria was removed. For these reasons, the content of the solution will
be removed to remove substances like protein and glucose.

Fig. 16 LB medium

Summary
Water Ethanol Basil Rosemary Clover

Exp.1->| Germination (radish) O x A A x
Exp.1-> Germination (clover) O x A A A
Exp.1-> -

Exp.1> Growth (radish) O / © O O
Exp.2->| Growth (clover) O / O © ©)
EXp.3->| Health of the plant O / © © /

By Experiment 1, herbs and clover had a greater suppression © ; greater promotion than water
effect on plants and they promoted growth after plant germination. O; same as water

It was found that dill had a better effect on the plants. 4 less promotion than water
x ; greater prevention than water

By Experiment 2, herbs helped the plants to recover faster. - didnot do

In particular, sweet basil and rosemary were the most effective.
In Experiment 1, we used inorganic solutions but in Experiment 2, we used organic solutions. Therefore,
dill had was more effective when an inorganic property was used. On the other hand, sweet basil and
rosemary was more effective when an organic property was used according to the results. Clover had
some effect but it was found that herbs were more effective. By experiment 3, 3 kinds of herbs had
anti-bacterial effects especially, dill. Therefore, we are going to do more experiments using dill.

Experiment 2 \

In this experiment, three types of herbs and water were used in each petri dish. How much the plant recovered
was measured.
Materials
* 3 types of organic herb solutions and water - radish seeds * Petri dish * Cotton sheet
- Table 2 4 types of solutions

Water |Sweet |Rose |Dill
basil | mary
Method

Future Plan

We found dill was the most effective. Thus, we are going to do more experiments using dill. In Experiment 1 and
2 we used only radishes so we want to use other plants like flowers and do the same experiments. In addition,
we will change the environment from cotton to soil. Furthermore, we will carry out sterilizing real molds which
are attached with real plants.
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The time dependent change of redox reaction under various condition
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0. Abstract

This research examines how changes in the amount of NaOH or stirring conditions
affects the speed and time of redox reaction using the chemical traffic light experiment.
How to mix and change the substances types and amounts were mainly discussed in this
research. In most of the experiments, the time and speed changed. The mixing method
was found to greatly affect the redox reaction of solutions. These experiments are redox
reaction, so having air in the bottle is very important for these experiments. The method
by which to mix the solutions so that they would come in contact with air was determined.
The substances were affected by the reducibility in these experiments. For example,
there are many types of sugar and not all sugars possess reducibility. Furthermore, the
amount of substances was very important, because concentration was affected by it.
These factors affected both the speed and time redux reactions conducted in this research.

Keywords: chemical traffic light experiment, redox reaction, solutions, reducibility,

sugars, concentration, speed, time
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1. Introduction

The chemical traffic light experiment is a popular experiment used to demonstrate
the chemical clock reaction. In it, the color of the solution changes after being stirred and
left in a pattern resembling a traffic light. The version of the experiment focused on in
this research uses NaOH, Glucose, and Indigo carmine. When these materials are
dissolved in Ion-exchanged water, and mixed, they transform into “Green Indigo carmine”
(Indigo carmine is blue when dissolved in water, but it becomes green in alkaline
solutions.) It then changes to a red intermediate through which it becomes a reduced
yellow indigo carmine. When the reduced yellow indigo carmine is oxidized, it is
immediately converted into a red intermediate, and from this intermediate, it transforms
back into a green indigo carmine. However, if left for a short time, glucose becomes a
reducing agent, and it is converted into a red intermediate, and changes into yellow
indigo carmine. Glucose transforms into glucoxide ions with reducing properties in a
NaOH solution and oxidizes into gluconate ions. This reaction occurs only in alkaline
solutions. In this research, how affect the time when the method of mix in the bottle was
changed and how affect the time when the substances of sugar was changed were
examined.
2. Method

This research focused on measuring the time it takes for the solution to change
from yellow to red (YR), red to green (RG), green to red (GR), and red to yellow (RY).
2-1. Materials

Regents were 5.0 g of NaOH, 3.0 g of glucose, 0.05 g of indigo carmine, and 250 ml
of 1on exchange water. A 300 ml beaker, 300 ml gas collection bottle, 300 ml graduated

cylinder, 300 ml round bottom flask, lab dispensing spoon, glass rod, plastics petri dishes,
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pipette, and parafilm were also used.
2-2. The amount of NaOH

Reaction times between using the original amount of NaOH (5.0 g), double the amount
(10 g) and half the amount (2.5 g) were measured and compared. The chemicals were
mixed into a solution using the beaker — flask method as above. The flask was mixed by
hand.
2-3. The method of stirring the solution

Alab shaker (Fig.1) and a magnetic stirrer (Fig.2) were used to mix the solution to

compare each method by observing the container and solution. Parafilm was wrapped in
the 300 ml gas collection bottle to leak out the solution, and to prevent contents in bottom

from coming in contact with the air.

Fig.1 A lab shaker

Fig.2 A magnetic stirrer
2-3-1. Lab shaker
Three different rotation patterns (left-right, circular, figure-eight) were tested at
different speeds. The first and second patterns were tested was at speeds of 125 rpm,
135 rpm, 140 rpm, 150 rpm, 175 rpm, 200 rpm. The figure-eight pattern was tested at

speeds of 95 rpm, 105 rpm, 110 rpm, 120 rpm. This is because the machine had a max
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speed of 120 rpm for the figure-eight setting.
2-3-2. Magnetic stirrer
A stirrer bar was inserted into the bottle. Rotation speeds of 1000 rpm, 1350 rpm

and 1700 rpm were tested.
2-4. The amount of NaOH

The process was the same as in 2-2 aside from using an electric stirrer instead of
stirring by hand. Rotation speed was established at 1700 rpm.
2-5. Type of sugar

Glucose was changed to other sugars to measure the reaction time. Reducibility of
sugars was very important in this experiment. Three types of sugar, which were
galactose, fructose, and sucrose, were prepared. In this experiment, the way to mix
substances was changed. They were first mixed separately to better maintain the
concentrations. After each substance was mixed in a 300 ml round bottom flask, they

were combined and mixed again. (Fig.3)

[ Glucose X counts J [ NaOH X counts ] Indigo carmine X counts

<]
— — — Water 10 ml
—— <« Water 140 ml | — ]l —Water 100 ml |-

| X counts
X counts X counts

HWater indicates Ion-exchanged water

Fig.3 Method of how to mix the substances in experiment 5
3. Result and discussion
3-1. Amount of NaOH
For YR, the original amount of NaOH took the longest followed by double the amount

and half the amount. YR was at the beginning of the rotation, so this big a difference
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was not expected. For RY, there was a difference of 5 minutes between the solution
containing the original amount of NaOH and the doubled / halved amounts. It was
believed this is due to the NaOH used in the first trials being old. The second set of trials
were done on a different day using new NaOH. This was thought to be the reason for the

difference in times. So new NaOH was better than old NaOH.
Table 1. Reaction times between using the original, doubled and half amount of NaOH

Original amount Doubled Half Original amount Doubled Half
YR YR YR RG RG RG (=)
First 071 0.60 0.32 9.10 8.43 6.00
Second 0.80 1.36 0.91 3.45 7.06 3.94
Avarage 0.76 0.98 0.62 6.28 1.75 4.97
SP 0.05 0.38 0.30 283 0.69 1.03
Original amount Doubled Half Original amount Doubled Half (s)
GR GR GR RY RY RY
First 79.92 83.90 184.54 419.05 124.73 154.20
Second 143.23 35.19 162.97 85.88 79.33 101.03
Avarage 111.58 59.55 173.76 25247 102.03 127.62
SP 31.66 24.36 10.79 166.59 22.70 26.59

3-2. Method of stirring the solution

- - S

e (s) 300
°00 140 ®150 250 T /110 @120 (rpm)
400 ®175 9200 (rpm) . 200 '
00 D|d not 10
200 100
100 ~ change
0 == P gm__ 0 L emme pp—
YR RG GR RY YR GR RY

Fig.4 Three different rotation patterns (left-right, middle circular, figure-eight)

The circle pattern did not result in a change of color. That’s because centrifugal
force was applied in the 300 ml gas collection bottle, so it could not mix with the air in
part of the 300 ml gas collection bottle. The left-right pattern at 125 rpm and 135 rpm
did not result in a change of color. There was a significant difference between the time it

took for the solution to change from red to green at 140 rpm and the other speeds. This
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is thought to be because when mixing the solution at 140 rpm, it took longer to reach the
oxygen in the air in the bottle (Fig. 5). The figure-eight pattern did result in a change of
color at 95 rpm or 105 rpm. There was a difference at RG between 110 rpm and 120 rpm.

This difference also is believed to come from a difference in the time taken to reach the

oxygen in the bottle.
o . 150
Air in the top of 300 ml gas collection bottle
®1350 #1700 (rpm)
100 ;
50
O L

YR RG GR RY
Fig.6 Results of three different

rotation speeds

Fig.5 Lab shaker during experiment

At 1000 rpm the color did not change. At 1350

Air the whirlpool inside 300 ml

rpm the color changed from red to green in gas collection bottle

approximately three minutes, but at 1700 rpm
it took approximately one minute. In the
shaker, the solution mixed with the air above
gas collection bottle, so it changed the color
from top to bottom. However, in the stirrer, the
air entered the whirlpool inside created by the

stirrer bar, so the color changed from the

. . Fig.7 Lab shaker duri i t
bottom to top. The stirrer was observed to mix 1g.7 Lab shaker during experimen

the solution more completely, allowing the oxygen to reach the solution more quickly.

The surface area touching the air and whirlpool of the solution was bigger than the lab
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shaker, so the oxidation occurred quickly with the magnetic stirrer. The big difference in
RG was due to the same reason as using the lab shaker. At the lower rotation speed, it
took longer for the oxygen to reach the solution, so it took longer to change color. A larger
whirlpool was generated at 1700 rpm, allowing the solution to reach the oxygen more
quickly. (Fig.6)

3-3. Amount of NaOH (using a magnetic stirrer)

Table 2. The difference of reaction time in the NaOH using stirrer

Original amount Doubled Half Original amount Doubled Half (s)
YR YR YR RG RG RG
First 5.34 6.18 599 36.18 419 27.26
Second 548 6.27 468 245 47.12 25.85
Third 5.12 5.73 5.65 28.74 42.02 21.45
Avarage 5.31 6.06 544 29.81 43.68 2485
SP 0.15 0.24 0.56 4.83 243 247
Original amount Doubled Half QOriginal amount Doubled Half (s
GR GR GR RY RY RY
First 13.43 443 33.27 63.15 41.69 77.28
Second 34.34 5.13 4717 74.31 52.28 79.33
Third 30.19 1.24 65.7 90.75 66.35 83.21
Avarage 25.99 56 48.71 76.07 53.44 79.94
Sb 9.04 1.19 13.28 11.34 10.10 2.46

In GR, there was a big difference between the three patterns. When the amount of
NaOH was changed, the speed of reaction changed. This is because the strength was not
the same between the three patterns. When the rotation speed was changed, it had a big
effect on RG. However, when the amount of NaOH was changed, there was a big
difference on GR. The doubled solution was the high-density solution, so it was faster

than any other amount of NaOH in GR.

3-4. Type of sugar

Table 3. Reaction times using 2 kinds of sugars

Glucose Galactose| Glucose Galactose| Glucose Galactose| Glucose Galactose (s)
YR YR RG RG GR GR RY RY
First 3.88 5.18 25.77 7.59 102.73 133.10 174.81 60.44
Second 4.34 4.61 20.78 9.93 40.85 137.05 184.56 774
___Third 3.96 4.39 23.11 10.40 29.70 148.7 190.54 102.07
Avarage 4.06 4.73 23.22 9.31 57.76 139.62 183.30 79.97
Sb 0.20 0.33 2.04 1.23 32.12 6.62 6.48 17.09

The color of galactose changed to a color similar to glucose. However, there was a
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big difference between RG and RY. The only difference between the two sugars was the
structural formula (Ref.2), so this is thought to be the source of the time difference
between that two sugars.

Fructose could change the color until red. Normally, it took longer to shift to RY,
but when mixing was stopped, it changed immediately to RY before the stirrer bar
stopped. It was found that the ketone group had reducibility, and that speed was faster
than glucose. Fructose contains ketone groups which results in reducibility (Ref.2),
whereas glucose contains aldehyde groups, leading to this difference between glucose
and fructose, because NaOH is a strong base. When fructose was added to the solution,
reduction was stronger than oxidation of fructose.

The color of sucrose could not be changed to yellow when mixing the solution. It
only changed from green to red in the first change. Sucrose does not normally
demonstrate reducibility (Ref.3), because it is a disaccharide, but it did in this
experiment. Sucrose become an invert sugar which consisted of glucose and fructose
when it was hydrolyzed by dilute acid and enzyme sucrase after that it demonstrated
reducibility (Ref.3). However, this experiment did not use either, so this factor did not
affect the reducibility. This sucrose had to have demonstrated reducibility for some other
reason. However, it did not demonstrate strong reducibility like glucose and fructose
because it does not normally demonstrate reducibility. This is the reason it only changed
from green to red.

4. Future Plan

There is a possibility that the concentration of NaOH was affected by the reduction

which occurred in the GR part. I would like to check by increasing and decreasing the

concentration of it and observing how changing the time affects the results.
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Because sucrose was able to demonstrate reducibility for some reason, a part of
color was changed. In the future, I need to use another disaccharide to check whether it
changes the color or not.

Additionally, I need to change the temperature under which the experiment is
conducted.
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| Abstract |

This research examines how changes in the amount of NaOH or stirring conditions affects the speed and time of redox reaction using the chemical traffic light experiment. How to mix and change the substances types and amounts
were mainly discussed in this research. In most of the experiments, the time and speed changed. The mixing method was found to greatly affect the redox reaction of solutions. These experiments are redox reaction, so having air in
the bottle is very important for these experiments. The method by which to mix the solutions so that they would come in contact with air was determined. The substances were affected by the reducibility in these experiments. For
example, there are many types of sugar and not all sugars possess reducibility. Furthermore, the amount of substances was very important, because concentration was affected by it. These factors affected both the speed and time
redux reactions conducted in this research.

carmine is oxidized,

The time dependent change of redox reaction
under various conditions

Ritsumeikan High School

Vellowmdlgu carmine

HO.

Ho.

(Regent)

Method

[ Material |

oK

Glucose
AScheme 2 Change of glucose

{—

Iucose

AScheme 1 change of indigo carmine

The chemical traffic light experiment is a popular experiment used to demonstrate the chemical clock reaction.
In it, the color of the solution changes after being stirred and left in a pattern resembling a traffic light. The
version of the experiment focused on in this research uses NaOH, Glucose, and Indigo carmine. When these
materials are dissolved in lon-exchanged water, and mixed, they transform into “Green Indigo carmine” (Indigo
carmine is blue when dissolved in water, but it becomes green in alkaline solutions.) It then changes to a red
intermediate through which it becomes a reduced yellow indigo carmine. When the reduced yellow indigo
it is immediately converted into a red intermediate, and from this intermediate, it
transforms back into a green indigo carmine. However, if left for a short time, glucose becomes a reducing
agent, and it is converted into a red intermediate, and changes into yellow indigo carmine. This research
focused on measuring the time it takes for the solution to change from yellow to red(YR), red to green(RG),
green to red(GR) and red to yellow (RY) (Scheme 1) (Fig. 1).

[w@i%t@]q_ Resseql

Red indigo carmine

Glucoxide ions

Time

Time
Mix } Mix ' passmg' passingI
RY

AFig. 1 Color change of this reaction

Glucose

Green indigo carmine

Glucose transforms into glucoxide ions with reducing properties in an NaOH solution and oxidizes into
gluconate ions (Scheme 2). This reaction occurs only in alkaline solutions.

S

Oxidation W%

OH- o P
Ho

-H,0 H o ||

e o

Gluconate ions

a

Experiment 1 ~ Quantity of NaOH ~

NaOH 5.0 g, Glucose 3.0 g, Indigo carmine 0.05 g, lon exchange water 250 ml
(Instrument)
300 ml Beaker, 300 ml Gas collection bottle, 300 ml Graduated cylinder, 300 ml Round bottom flask,
Lab dispensing spoon, Glass rod, Plastics petri dishes, Pipette, Parafilm

Experiment 3 ~ Comparison mix speed in magnetic stirrer ~

In this experiment, a magnetic stirrer was used to mix the solutions. The

preparation of the bottle was the same as in Experiment 2. A stirrer bar

was inserted into the bottle. Rotation speeds of 1000 rpm, 1350 rpm and > Fig. 5 A magnetic stirrer
1700 rpm were tested.

Result & Discussion Air the whirlpool inside
300 ml gas collection
bottle

(s) 150

1350 1700 (rpm) Al N .
100 - e color changed from red to green in approximately three

minutes, but at 1700 rpm it took approximately one
minute. In the shaker, the solution mixed with the air
above gas collection bottle, so it changed the color from
top to bottom. However in the stirrer, the air entered the
whirlpool inside created by the stirrer bar, so the color
changed from the bottom to top.

<Fig. 7 A lab shaker during the experiment

The stirrer was observed to more completely mix the solution, allowing the oxygen to reach the solution more quickly.
The big difference in RG is due to the same reason as in Experiment 2. At the lower rotation speed it took longer for
the oxygen to reach the solution, so it took longer to change color. A larger whirlpool was generated at 1700 rpm,
allowing the solution to reach the oxygen more quickly.

Experiment 4~ Quantity of NaOH using stirrer~

YR RG GR RY

AFig. 6 Three different rotation speed graph

Reaction times between using the original amount of NaOH, double the amount and half the amount were
measured and compared using a stirrer. The process was the same as in Experiment 1 aside from using an
electric stirrer instead of stirring by hand. It is turned 1700 rpm.

Result & Discussion

'WTable 2 The difference of reaction time in the NaOH using stirrer

Reaction times between using the original amount of NaOH, double the amount and half the amount were
measured and compared (Table 1). The chemicals were mixed into a solution using the beaker — flask method
as above. The flask was mixed by hand.

| Result & Discussion
‘W Table 1 Reaction times between using the original, doubled and half amount of NaOH
Original amount Doubled Half Original amount Doubled Half
YR YR YR RG RG RG ©
First 0.71 0.60 0.32 9.10 8.43 6.00
Second 0.80 1.36 0.91 3.45 7.06 3.94
Avarage 0.76 0.98 0.62 6.28 7.75 4.97
Sb 0.05 0.38 0.30 2.83 0.69 1.03
Original amount Doubled Half Original amount Doubled Half
GR GR GR RY RY RY @
First 79.92 83.90 184.54 419.05 12473 154.20
Second 143.23 35.19 162.97 85.88 79.33 101.03
Avarage 111.58 59.55 173.76 252.47 102.03 127.62
Sb 31.66 24.36 10.79 166.59 22.70 26.59

Method

I Result &

(s) 600
400

200

old NaOH.

m150
200 (rpm)

The circle pattern did not result in a change of color. That’s because
centrifugal force was applied in the 300 ml gas collection bottle, so it could
not mix the upper part air of 300 ml gas collection bottle. The left-right
pattern at 125 rpm and 135 rpm did not result in a change of color. There
was a significantly difference between the time it took for the solution to
change from red to green at 140 rpm and the other speeds. This is thought
to be because when mixing the solution at 140 rpm, it took longer to reach
the oxygen in air in the bottle (Fig. 4). The figure-eight pattern did result in
a change of color at 95 rpm or 105 rpm. There was a difference at RG
= between 110 rpm and 120 rpm. This difference also is believed to come
AFig. 4 Alab shaker during the experiment from a difference in the time taken to reach the oxygen in the bottle.

In this experiment, a lab shaker (Fig. 2) was used to mix the solutions (Fig. 3).|
Three different rotation patterns (left-right, circular, figure-eight) were
tested at different speeds. The first and second patterns were tested was at
speeds of 125 rpm, 135 rpm, 140 rpm, 150 rpm, 175 rpm, 200 rpm. The &
figure-eight pattern was tested at speeds of 95 rpm, 105 rpm, 110 rpm, 120 i

rpm. (This is because the machine had a max speed of 120 rpm for the g
figure-eight setting.) The chemicals were combined in the same way and §
amounts as in Experiment 1. Then, they were wrapped in parafilm to seal [§
them off from open air and prevent the solutions from leaking out.

Discussion

Did not
change

AFig. 3 Three different rotation patterns (left-right, middle circular, figure-eight)

For YR, the original amount of NaOH took the longest followed by double the amount and half the amount. YR
was at the beginning of the rotation, so this big a difference was not expected. For RY, there was a difference of
5 minutes between the solution containing the original amount of NaOH and the doubled / halved amounts. It
was believed this is due to the NaOH used in the first trials being old. The second set of trials was done on a
different day using new NaOH. This was thought to be the reason for the difference in times, So new NaOH was
better than

Experiment 2 ~ Comparison mix speed in lab shaker~

AFig. 2 Alab shaker

() 300 w
250 @110 @120 (rpm)

200
150
100

Original amount Doubled Half Original amount Doubled Half (s
YR YR YR RG RG RG
First 5.34 6.18 5.99 36.18 419 27.26
Second 5.48 6.27 4.68 245 4712 2585
Third 5.12 5.73 5.65 28.74 42.02 21.45
Avarage 5.31 6.06 5.44 29.81 4368 2485
SB 0.15 0.24 0.56 4.83 243 247
Original amount Doubled Half Original amount Doubled Half ()
GR GR GR RY RY RY
First 13.43 4.43 3327 63.15 41.69 77.28
Second 34.34 5.13 4717 74.31 52.28 79.33
Third 30.19 7.24 65.7 90.75 66.35 83.21
Avarage 25.99 56 48.71 76.07 53.44 79.94
Sb 9.04 1.19 13.28 11.34 10.10 246

In GR, there was a big difference between the three patterns. When the amount of NaOH was changed, the

speed of reaction changed. This is because the strength was not the same between the three patterns. When the
rotation speed was changed, it had a big effect on RG. However, when the amount of NaOH was changed, there was
a big difference on GR. The doubled solution was the densest solution, so it was faster than any other amount of
NaOH in GR. That reaction (Scheme 2) became faster by amount of NaOH.

Pre-experiment

From experiment 5, the way to mix substances was changed. They were first mixed separately to better maintain the
concentrations. After each substance was mixed, they were combined and mixed again.

{ Glucose X counts } { NaOH X counts J {Indigo carmine X counts}

— lon exchanged water
[ 10ml X counts

~
lon exchanged water | — lon exchanged water
140 ml % counts 100 ml X counts

AFig. 8 Method of how to mix the substances in experiment 5

~

Experiment 5~ Change the type of sugar~

In this experiment, glucose was changed to other sugars to measure the reaction time. Reducibility of sugars was
very important in this experiment. Three types of sugar, which were galactose, fructose and sucrose, were prepared.

Result & Discussion

‘W Table 3 Reaction times using 2 kinds of sugars

Glucose Gal Glucose Gal Glu Gall Glu Gal; ()
YR YR RG RG GR GR RY RY
First 3.88 5.18 25.77 759 102.73 133.10 17481 60.44
Second 4.34 4.61 20.78 9.93 40.85 137.05 184.56 714
Third 3.96 4.39 23.11 10.40 29.70 148.7 190.54 102.07
Avarage 406 473 23.22 9.31 57.76 139.62 183.30 79.97
Sb 0.20 0.33 204 1.23 32.12 6.62 6.48 17.09

Future plan

Reference

The color of galactose changed to a color similar to glucose. However, there was a big difference between RG and RY.
The only difference between the two sugars was the structural formula.

Fructose could change the color until red. Normally, it took longer to shift to RY, but when mixing was stopped, it
changed immediately to RY. It appeared that Ketone group had reducibility, and that speed was faster than glucose.
Fructose contains ketone groups which results in reducibility, whereas glucose contains aldehyde groups, leading to
this difference between glucose and fructose.

The color of sucrose could not be changed to yellow when mixing the solution. It only changed from green to red in
the first change. Sucrose does not normally demonstrate reducibility, but it did in this experiment. Sucrose normally
does not demonstrate reducibility because it is a disaccharide.

In the future I would like to do an experiment using other disaccharides to measure the reaction of the color and use
a stirrer which can change the temperature in order to observe how changing the temperature of the solution affects
the time between color changes.

T, Kimura. Journal of the College of Education, Yokohama National University. The natural sciences, 1,1-10 (2018-02)
J, Ota. Principal Investigator, Okayama Graduate school of Pharmaceutical Sciences
T, Ayase. Designer High School Chemistry Web Magazine. https://kimika.net/t3tantou.htmi#i




Wroeds | 2088047 oEizonT | OfEA W7 —7
WFgeo—-=~ | Making Antibacterial Sheets by Using Psoralen ~Y Z L &AL
TehiE > — N OER~

A: Bf%XE# (Purpose)

VT L HWT MESD DD IR WL > — b DER,
B: #AZE A% (Materials & Methods)

FERITILY 7 L & Mock control THW % DMSO, 7' & v 2 U —»58EL7- DNA %
MWART SR 24T o 7o, RERITITEOLE A ~7 btk Y I Lo —7 by
TEREE L, ERIITIE, Vo7 E YTy, £7213 DMSO & KIGHE £ 72 138 & 3
B L, AL THHICE A L, UV 284 L7z, EBRIVTIZY 7 L EEXRZ AV, g
SHETHIHE > — M &AER LT,

C: AEHER (Result)

FERIN G Y T L UL DNA EREA L TARY b
WHN> 7 b Uiz, BRI T L% 250nm LLED
UV O CRid S5 &30t a3 Uiz, ERIING
V7 LRI 2.0 MO 1/100 & UV 10 5 OFA |
BOETROIIEEZ R L., FRIVIrLY T L ad
HE LT o — F ORI T Tl o 7, ML AR LT 2 ORISR
D: &% (Discussion)

VT L ATEENR 300nm THEEEZ/R L, DNA EREA LTz, YT L& UV OfAGD
HIIPEEH 2 8o,

E: % OBE (Future Direction of Research)

BAY LR ED ~DEBEOIENE TR DT DIMOY o TIN5, @FA A
YEDOPFHBIETL TV, B3, WO ERILIY 7 L bitE Yy — M EERRT S,
F: 8&3# (References)

(Ref. 1) Ghasemi, F., Rostami, S., Nabavinia, M. S., & Meshkat, Z. (2016). Developing  Michigan

Cancer Foundation 7 Cells with Stable Expression of E7 Gene of Human Papillomavirus Type 16.
Iranian journal of pathology, 11(1), 41-46.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4749194/

(Ref. 2) Panno, M. L., & Giordano, F. (2014). Effects of psoralens as anti-tumoral agents in breast
cancer cells. World Jjournal of clinical oncology, 5(3), 348-358.
https://doi.org/10.5306/wjco.v5.i3.348  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4127606/
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[—1 7wrv=alU—5 DNA it

1M O Tris-HCl % 1.0mL, 0.5M ® EDTA % 20mL, 1M ® NaCl % 15.0mL, 1%® SDS
% 10.0mL Z R T 100mL (2 A 27 7 L Buffer Z{Epk L7z, 70 v =2V —%3Lgk L Lk
TI VD5 L, Buffer Z i &/ ¥ AU A 7 CRERE 128 L 7=, 3BRE |2 EtOH Z i & A4,
FilE L CTEX 72 DNA 23R — )Ly N CF 2—T7 B H L7, F=—7% 10,000 rpm
DL EEREIC 2 ), BB AR —)LE~y hTHRY BE, 70% EtOH THE L
7. & D, 10,000 rpm O LAEEEIZ 2 53T F 2 —T7 % V0o VIR L Tz S w7z,

[—2 H.O _R—RATARY VKT

FERI—1 THiH L7= DNA % A 7 23 #i7K 200 uL (2382 L. 13000 rpm D L4y BEREIZ 5
Gy R EE DT, Ho02.5mL & DNA O _FVERHE 500ul 2788 7-. LT DNA HhiHigs
L, HO3mMLIZENTENY T L £721E DMSO Z AtL, VT L U HBEEA 0,1/500, 1/1000
DRI ZVERL L. 200 nm 7> 5 400 nm O#H T AT SUIIT 24T > 7=,

[—3 EtOH _X— A TALY | IUIEHT
EtOH ZiAlt & LY T L M 1.97x1074 mol/L DIEWK D A7~ JLAEKT Z 300 nm 7> & 1000
nm O#HEiFH TIT > 7=,

II EtOH ~— A T bt A7 hVIHIE
BN EtOH TY 7 L U8 1.97x1074 mol/L DK Z AV va Yehke A2 7 kL Z2HIE L=,

M—1 RO /ERk

LB ¥5Hii%, Tryptone10.0g. Yeastextract5.0g. NaCl10.0g., Agar15.0g % H.01000 mL (Z
MZAER L7z, YPD 55HiZ Polypeptone 10.0 g. Yeast extract 5.0 g. Glucose 10.0 g. Agar 5.0
g % H.01000 mL (2% CTIERL L7z, HIREEIOEA . Agar 2 A9 12[R U FIECIER L
7

M—2 4R

YTy, F1EDMSO &Y TV E 10 mL OIFIREEIIC N 7=, 2oL &V T
23 E.coli A 121% LB £54#l1, S.cerevisiase D34 Tl YPD 5 & /=, ¥ T L >, DMSO
DX 0, 1/100, 1/500, 1/1000 (258 E L7 (R 1), £ D% 144 rpm, O = A I —THEL
PRI S —WEEEEE L7z, IRFEIT E.coli OEFEITIE 37°C, S.cerevisiase DEE Tl 30°CTIT -
Too BERUESHIZ R E L, 100 pL F 22— 712 & D ZDORHE%Z No.0 & L, No.0 7°5 10
uL & Y H20 % 90 uL 2 T No.1 DR ZVERT % & 9 FIE TR OEER A HTO IR D 1/110
DYRET T2 D KO ICAHRNEMY K LTz, AR LIEIRE 10uL 2% % 0% 7 Ui LT
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BB 21TV (X 2), UV 2R U7z, FREFIERIIZ 045, 10 77, 30 ZJICfiE Lz,
12 E.coli ®¥E121% 37°C, S.cerevisiase DA CTlL 30°CT—HESE L=,

# 1 ERIO EBRSA:

Culture medium Solvent Concentrations Organism used

A

B

C Psoralen
1/100

D DMSO

LB medium

E Psoralen E.coli
1/500

F DMSO

G Psoralen
1/1000

H DMSO

\ 10 10wl 10 ul

NN Y

WY

ABCDEFGH
Stock solution H.0O

] 4=
) —) 100 pl 90 ul \

\7 Liquid Solid medium
medium

2 WS BAE TOWRN

IV — R OERK

H-0 20 mL ~—Z T Agar J1 2 2% DR A ERRL L, ¥ ¥ — LI LiAd, YT LU FT
£ DMSO % 100 pL Mz 7=, (L LT/ NRIZR ST b DEF LT A 7O L T—Mrizis
. KA LE o7, HEFEBRD O Agarose & H20 LIAMI MBI 20 b D b EKR L7-, 1
cm E oIl . —ETC 3 AT %I T LB iz od, Z o R Ecoli & 10 pL B
i L7=(% 3), =D UV BEZ 04y, 147, 1043, 1543, 30 3 CiRE L TiT o7z, &I
37°CTH®E LT,
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DMSO sheets Psoralen sheets

Normal sheets
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N
]

3.

7=
3-1. VT L% DNA K L T 5B S L, A7 MLOEENRT 7 kLT,
F-. WIKBK, =& ) — Vb LA L (M4, 5. 6. 7).

— hDORE Y T B RIGE B A Ot

3 -
2’5 _,’.{.., ; ..:..O .........‘o
2 2] Vi T oo
| PR TSCLRRR . DNA
S 15 \ B . eeeses 1/500 H-0
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Abstract

This paper describes and analyses the antibacterial effect of Psoralen while focusing on using
it to create antibacterial sheets. Most antibacterial sheets contain alcohol, which can cause
inflammation to the skin. We hypothesized that making antibacterial sheets utilizing the
properties of Psoralen, which are not harmful to the human body, would help alleviate these
problems. Psoralen, DMSO as mock controls and samples of E. coli and S. cerevisiae were
used to confirm if Psoralen really has an antibacterial effect. Spectrum analysis, fluorescence
activation, excitation activation and coculture were carried out. An antibacterial effect was
most clearly demonstrated when the concentration of Psoralen was 1/100 and irradiation time
was 10 minutes. Also, Psoralen absorbed UV light and combined with DNA extract. It was
found that sheets can be made by using Psoralen. However, it was not found yet if it has
significant antibacterial effects.

Keywords: psoralen, antibacterial, E. coli, S. cerevisiae, UV light
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Introduction

Most antibacterial sheets contain alcohol. However, the central issue in using alcohol is
allergies. Some people have an allergic reaction to alcohol. Also, alcohol can cause
inflammation to the skin. Sometimes it also causes the skin to become dry. Making antibacterial
sheets, which are not harmful to the human body, will help alleviate these problems. Psoralen’s
molecular weight is 186.16, and it dissolves in ethyl acetate and acetone. In addition, it is one
of the components contained in phototoxic substances (Ref. 3). Phototoxicity is a substance that
increases UV absorption and causes skin irritation and pigmentation. Also, Psoralen is used as
a therapeutic agent in a psoriasis treatment called PUVA therapy (Ref. 1). In addition, according
to report, Psoralen is known as the substance which has anticancer, antibacterial, antioxidant
and other beneficial properties (Ref. 3). If Psoralen has antibacterial effects, we can make the
harmless antibacterial sheets by using Psoralen extracted from vegetables and fruits. In this
study, we focused on using the properties of Psoralen to create antibacterial sheets.

Materials and Method
Experiment [

The spectrum analysis of Psoralen and Dimethyl sulfoxide (DMSQO) was investigated.
Solvents were only H.O or DNA extracted from broccoli. Also, the concentrations of Psoralen
and DMSO were changed to 0, 1/5000, 1/1000, 1/500 and 1/100. The wavelength was from 200
to 400 nm. In addition, light absorption of Psoralen whose solvent is ethanol was researched by
using a 1.97x10~* mol/L solution of EtOH and solute Psoralen as solvent. The conditions were

medium sensitivity, 2 nm broad of band, 400 nm/s scanning speed and 300-1000 nm wavelength.
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Experiment 1

Fluorescence and excitation were investigated by using a 1.97x10~* mol/L solution of
Psoralen and EtOH. The conditions were 4 second response, medium sensitivity, 200 nm/s
scanning speed and 1 nm data acquisition.

Experiment II1

Coculture was carried out. First, samples (E. coli or S. cerevisiae) and Psoralen or DMSO
were added to a liquid medium. Second, they were cultured overnight. After that, they were
diluted and applied. Finally, the mediums were irradiated with UV radiation. They were kept at
37°C and observed overnight. In all experiments and conditions, DMSO was used as a mock
control. The effect of Psoralen on each sample was compared.

Experiment [V

The sheets were made from 100 pl Psoralen, 2% agar and 20 ml H:O, and their
antibacterial effect was observed. Sheets were dried and cut into 1 cm squares and attached to
the LB medium. E. coli was diluted on the sheets, and they were irradiated with UV light (0,
10, 15, 30 min). After that, the sheets were turned over, and E.coli were applied to the mediums.
The mediums were kept at 37°C and observed overnight.

Data Analysis

In Experiment I, the solvents used were H.O and DNA extract. It was found that Psoralen
had an effect on light absorption. When Psoralen was combined with DNA extract, the pattern
of wavelengths shifted (Fig.1, 2 and 3). Psoralen absorbed the light regardless of whether the

solvent was H20 or ethanol (Fig. 1, 2, 3, and 4).

56



3 1 —H,0
25 - —DNA
2 _
o 1/500 H,0
(8]
c 4
g 15 ——1/500 DNA
S 1
2 amm1/1000 H,0
<
05 1 e 1/1000 DNA
0 '
Joo 250 300 350 400 (nm)
0.5 -

Fig. 1 Spectrum analysis of Psoralen

3 -
2.5 e—H,0
o 27 e DNA
e
G 1.5 4
2 1/500 H,0
o 1 4
(%]
<
0.5 e 1 /500 DNA
0 : : .
0 200 250 300 350 400 (nm)
Fig. 2 Spectrum analysis of 1/500 Psoralen
3 -
2.5
2 A e H,0
g s DNA
& 15 A 1/500 H,0
-g = 1/500 DNA
. e 1/1000 H,0
< e 1/1000 DNA
0.5
0 1 1 (nm)
200 250 300 350 400
-0.5 -

Fig. 3 Spectrum analysis of DMSO

57



Absorbance
=
(6]

05 24)0 300 400 500 600 700 800 900 1000
' (nm)

Fig. 4 Absorbance of Psoralen EtOH
In Experiment II, when the wavelength, 260 nm and 300 nm was applied to the solution,
fluorescence appeared at 450 nm (Fig.5). From the result of excitation, it was found that

Psoralen absorbs UV light less than 250 nm, but it was not used for fluorescence (Fig. 6).

— )45 nm

— 260 nm

1 4 /\ 300 nm

fluorescence

Fig.5 Fluorescence of Psoralen
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Excitation

Fig.6 Excitation of Psoralen

In Experiment III, all the samples died when irradiated for 30 minutes in every condition.
When irradiated for only 10 minutes, the 1/1000 concentration of either Psoralen or DMSO was
found to decrease the reproductive rate of the samples. This means that the reduced reproductive
rate is not related to the presence of Psoralen or DMSO. When the Psoralen concentration was

1/100 and the UV radiation was for 10 minutes, then the sample was killed in the case of both

E. coli and S. cerevisiae (Tables 1 and 2).

Table 1 Results of Experiment III, LB medium

(nm)

A B Cc D E F G H
uvo | OO0O 0000
uvio | OO0O | @000 | OOO0 000 | 0000 | 0000 | 0000 | 0000
uv3o | OOO00O | @000 0000 @000 0000 | 0000

Table 2 Results of Experiment III, YDP medium
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A B Cc D E F G H
uvo | OOO0O 0000
UV10 OO000O 0000 | OOO0 | @000 0000 | 0000
UVv30 0000 | O®[@)

O indicates samples did not breed @ indicates samples bred

In Experiment IV, sheets were successfully made, but a sufficient result was not found

because they were contaminated (Fig. 7 and 8).

Psoralen Normal DMSO

Fig. 7 Result of Experiment IV Fig. 8 Sheets

Discussion

It was found that Psoralen influenced light absorption whether the solvent was H.O and
EtOH. It was determined that H.O can be used as a solvent instead of EtOH and still result in
an antibacterial effect. Psoralen absorbs UV light, and passes the energy of UV light to the
samples in some way. In the spectrum analyses of Psoralen and DMSO we could see an
expected peak at the 260nm wavelength with broccoli DNA. In addition, the spectrum analysis
of Psoralen contained a third peak around the 300nm range that was not present in DMSO (Fig.
2). There was also a notable difference between the controls without Psoralen and the solvents
containing it. This peak was more pronounced in the broccoli DNA solvent than the water

solvent. This could indicate that the DNA is interacting with Psoralen. Irradiating UV radiation
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for more than 30 minutes had an antibacterial effect regardless of the Psoralen effect. The UV
irradiation time of 10 minutes was found to have the most antibacterial effect when the
concentration of Psoralen was 1/100. Psoralen was not proven to influence the growth of E. coli
and S. cerevisiae. However, making sheets using the prescribed method was successful.
Conclusion

Our purpose was to make antibacterial sheets by using the properties of Psoralen. Our
results proved that making sheets by using Psoralen was possible, and Psoralen has an
antibacterial effect. Psoralen absorbed the light in 300 nm, and passed the energy of UV light
to the samples in some way. This property of Psoralen indicated an antibacterial effect. The
antibacterial effect was the most pronounced under the conditions that UV irradiation time was
10 minutes and the concentration of Psoralen was 1/100. As a future plan, our suggestion is to
attempt to make antibacterial sheets by using Psoralen extracted from vegetables and fruits.
Practical Application

By using Psoralen at a concentration of 1/100 and applying 10 minutes UV radiation,
effective antibacterial sheets can be made which are not harmful to the human body.

Also, if abandoned vegetables and fruits are used to extract Psoralen, it will enable a
reduction of food waste. In this study, Psoralen in powder form was used, which is not practical.
If it can be extracted from the peels of fruits such as citrus, it will be possible to make
antibacterial sheets that are good not only for the environment but also the human body.

Ideas for Future Research

First, we will use other samples to investigate whether there is a difference in the effects

in eukaryotes and prokaryotes or not, because a difference in breeding between eukaryotes such

as mold and yeast and prokaryotes such as E.coli was detected. For example, we will use B.
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subtilis and Euglena. Second, we will use metal ions together with Psoralen, to find a multiplier
effect, because metal ions have an antibacterial effect. For instance, we will use zinc ion, iron
ion, manganese ion and aluminum ion. Third, we will make antibacterial sheets by using
Psoralen again. Finally, we will make sheets from Psoralen extracted from vegetables and fruits.
Acknowledgements
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Most antibacterial sheets contain alcohol. However there are people who are allergic to alcohol. Also, alcohol can cause inflammation to the skin. Sometimes it

also causes the skin to become dry. Making antibacterial sheets which are not harmful to the human body will help alleviate these problems. Psoralen’s molecular
weight is 186.16, and it dissolves in ethyl acetate and acetone. In addition, it is one of the components contained in phototoxic substances (See Ref. 3). Phototoxicity
is a substance that increases UV absorption and causes skin irritation and pigmentation. Also, Psoralen is used as a therapeutic agent in a psoriasis treatment called
PUVA therapy (See Ref. 1). In this study, we focused on using the properties of Psoralen to create antibacterial sheets.

Materials and Methods

Experiment I

The spectrum analysis of Psoralen and Dimethyl sulfoxide (DMSO) was investigated. Solvents
were only H,O or DNA extracted from broccoli. Also, the concentrations of Psoralen and DMSO
were changed to 0, 1/5000, 1/1000, 1/500 and 1/100. The wavelength was from 200 to 400 nm.
In addition, light absorption of Psoralen whose solvent is ethanol was researched by using the
1.97 X 107* mol/L solution of EtOH and solute Psoralen as solvent. The conditions were medium
sensitivity, 2 nm broad of band, 400 nm/s scanning speed and 300-1000 nm wavelength.
Experiment II

Fluorescence and excitation were investigated by using the 1.97 X 10™* mol/L solution of
Psoralen and EtOH. The conditions were 4 second response, medium sensitivity, 200 nm/s
scanning speed and 1 nm data acquisition.

Experiment IT

The coculture was carried out. First, sample (E.coli or S.cerevisiae) and Psoralen or DMSO were
added to a liquid medium. Second, it was cultured overnight. After that, it was diluted and
applied. Finally, UV radiation was irradiated. It was kept at 37°C and observed overnight. In all
experiments and conditions, DMSO was used as mock controls. The effect of Psoralen on each

sample was compared.
Dilution steps

10l 10l 10l 10 I Table 1 Conditions for each trial of Experiment III

Culture medium Solvent Concentrations | _Organism used
A
B
¢ LB medium Psoralen 1/100 i
90ul - drop 10 pl of each solution D or DMSO E.coli
£ YPD medium  [—bsoralen 1/500 o
i i F DMSO S.cerevisiae
I I G Psoralen "
+;,+ H DMSO w0
Fig. 2 Scheme of method
Experiment IV
The sheets were made from 100 ul Psoralen, 2% DMSO chests Pscrolenshasts
agar and 20 ml H,0, and their antibacterial effect T ©
was observed. Sheets were dried and cut into 1 cm
square, and attached to the LB medium. E.coli was / =
E.coli Normal sheets

diluted on the sheets , and UV light (0, 10, 15, 30
min) was irradiated to them. After that, the sheets
were turned over, attached E.coli to the medium. It
was kept at 37°C and observed overnight.

Fig.3 Scheme of experiment IV

Discussion

It was found that Psoralen had an effect on light absorption nevertheless solvent was H,0 and
EtOH. It was determined that H,O can be used as a solvent instead of EtOH and still has an
antibacterial effect. Psoralen absorbs the UV light, and passes the energy of UV light to the
samples in some way.

In the spectrum analyses of Psoralen and DMSO we can see an expected peak at the 260nm
wavelength with broccoli DNA. In addition, the spectrum analysis of Psoralen contained a third
peak around the 300nm range that was not present in DMSO (Fig. 5). There was also a notable
difference between the controls without Psoralen and the solvents containing it. This peak was
more pronounced in the broccoli DNA solvent than the water solvent. This could indicate that the
DNA is interacting with Psoralen.

Irradiating UV radiation for more than 30 minutes had an antibacterial effect regardless of the
Psoralen effect. Psoralen was incorporated while samples were divided. The UV irradiation time
of 10 minutes was found to have the most antibacterial effect under the condition where the
concentration of Psoralen was 1/100. Psoralen does not have an effect on the growth of E.coli
and S.cerevisiae. Psoralen has an inhibition effect on breeding.

Making sheets using Psoralen in the prescribed method was successful.

Future Plan

First, we will use other samples to investigate whether there is a difference of effect in
eukaryote and prokaryote or not, because the difference of breeding between eukaryote such
as mold and yeast and prokaryote such as E.coli was found. For example, we will use B.subtilis
and Euglena.

Second, we will use metal ions together with Psoralen, to find a multiplier effect , because
metal ions have an antibacterial effect. For instance, we will use zinc ion, iron ion, manganese
ion and aluminum ion.

Third, we will make antibacterial sheets by using Psoralen again.

Finally, we will make sheets from Psoralen extracted from vegetables and fruits.
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Fig. 1 Structural formula of Psoralen

Results

In Experiment I, the solvents used were H,O and DNA extract. It was found that Psoralen had
an effect on light absorption. When Psoralen was combined with DNA extract, the pattern of
wavelengths were shifted (Fig.4, 5 and 6). Psoralen absorbed the light regardless of whether the
solvent was H,O or ethanol (Fig. 4, 5, 6 and 7).

Fig. 4 Spectrum analysis of Psoralen Fig. 5 Spectrum analysis of 1/500 Psoralen

Fig. 6 Spectrum analysis of DMSO Fig. 7 Absorbance of Psoralen EtOH

In Experiment II, when the wavelength, 260 nm and 300 nm was applied to the solution,
fluorescence appeared at 450 nm (Fig.8). From the result of excitation, it was found that
Psoralen absorbs the UV light less than 250 nm, but it was not used for fluorescence (Fig. 9).

Fig.8 Fluorescence of Psoralen Fig.9 Excitation of Psoralen

In Experiment I, all of the samples died when irradiated for 30 minutes in every condition.
When irradiated for only 10 minutes, the 1/1000 concentration of either Psoralen or DMSO was
found to decrease the reproductive rate of the samples. This means that the reduced
reproductive rate is not related to the presence of Psoralen or DMSO. When the Psoralen
concentration was 1/100 and the UV radiation was for 10 minutes, then the sample was killed
regardless of E.coli or S.cerevisiae (Table 2 and 3).

Table 2 Results of Experiment II, LB medium Table 3 Results of Experiment I, YDP medium
TS I I N I N B P R I N T N I

wvo [IIT) wo

wio | 0000 | 8000|0000 0| @000 | @000 | 0000 uvio

w0 [ 0O00 | @000 plelele} [ lelele] 0000 | ee0e w0

O indicates samples did not breed
@ indicates samples bred

In Experiment IV, Making sheets was successful, but a sufficient result was not found because
it was contaminated (Fig. 10 and 11).

Psoralen Normal

Fig. 10 Result of Experiment IV

Fig. 11 Sheets
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