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Abstract

Moisturizers are used by millions of people in their daily lives, but what exactly is in

these moisturizers and the effect of the ingredients that are used in moisturizers and what they do

for you is not well known. Many of the ingredients that are included in the making of

moisturizers are used with the purpose of reducing the dryness of skin by increasing the water

content of the skin. However, many of the ingredients that are used in moisturizers do more harm

than good. Many of these ingredients increase the water content of your skin in short term

periods of time rather than long term periods of time and instead increase the terminal water loss

in your skin and actually worsens the dryness of your skin overtime. We wanted to see if a

common humectant, such as hyaluronic acid, in moisturizers helped improve the dryness of skin

or instead did not improve the dryness of skin. So we conducted an experiment to measure the

weight of a gelatin skin substitute to see how much water the skin substitute absorbed with the

added hyaluronic acid. The first round of our experiment gave interesting results with the

ANOVA tests showing the p-value of .89%, meaning that something significant happened. Only

the comparison of data between the control treatment and the weight of the gelatin before the 24

hours of treatment meaning that the water absorbed with the control treatment was significant

with a p-value of .89%. The second round of experiments showed no significant results when the

ANOVA test was calculated. We did one more statistical testing for both rounds of experiments

and found a significant result with the ANOVA test with the p-value of .74%. Again, the

significant result was between the weight of the gelatin skin substitute before a treatment for 24
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hours and the control treatment of the gelatin skin substitute with the p-value of .74%. Based on

the data collected, we can conclude that the hyaluronic acid treatment did have an effect on the

gelatin skin substitutes.

Researchable Question

How do humectants, such as hyaluronic acid, in moisturizers help improve the dryness of skin?

Hypothesis

Moisturizers have been proven to reduce dryness short term but not to hold water for long

periods of time, based on our research we believe that hyaluronic acid is a material that is very

useful for long-term water concentration in the skin rather than the typical moisturizers that only

work for short periods of time. We believe that the resulting data of the treated skin substitute

will show an increase in weight to show the increase in water concentration.

Background Research

The question we are researching is how do different types of humectants in moisturizers

affect the dryness of skin? The purpose of moisturizing your skin is to improve the function and

appearance of the skin. To research this topic we need to understand the function of different

parts of the skin including water balance and content, the stratum corneum, the natural

moisturizing factor, corneocytes, ceramides, cholesterol,  free fatty acids, keratinocytes, and the

secretory granules. Dryness of skin is determined by the water balance of skin. The primary

barrier of the skin is very important in maintaining water balance in the skin. Water balance is

important because if the skin’s water balance is not maintained then the skin loses its integrity.

Water allows the tissues to be more flexible which is crucial for your skin to remain healthy and
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moisturized. When your skin has no water concentration it appears dry and flakey because the

cells in the skin barrier stay connected and don’t allow moisture to get through. The stratum

corneum is the outermost layer of the epidermis and is the primary physiologic barrier of the skin

and is crucial to maintaining water balance (Harwood et al.). The stratum corneum contains

molecules that are commonly called the natural moisturizing factor (NMF) that come from the

breakdown of filaggrin. The molecules that make up NMF are hygroscopic and absorb

atmospheric water. The formation of NMF is dependent on the water content of the stratum

corneum (Harwood et al.). When the water content of the stratum corneum is high, the filaggrin

is stable and NMF can not be made and when the water content of the stratum corneum is low,

enzymes that are needed for the breakdown of the filaggrin are not present and the conversion to

NMF does not occur. Therefore, water content in the stratum corneum has to be very specific for

the conversion from the breakdown of filaggrin to NMF to take place. Typically, in healthy skin

the average water content of the stratum corneum span from ten percent to thirty percent. The

stratum corneum is organized in a “bricks and mortar” structure and is made up of many

different proteins and lipids. Corneocytes have a tight and overlapping structure and are

surrounded by a lipid lamella. Ceramides, cholesterol, and free fatty acids are the main lipids

involved in this structure. The major lipids in this structure are synthesized by the keratinocytes

and then get stored in the secretory granules. Under normal conditions, these granules are

released slowly and periodically. However, they rapidly release in response to the barrier

disruption. This barrier disruption causes the calcium gradient to be lost, which is important to

the release of these granules (Harwood et al.).
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There are many different types of moisturizers made for different types of skin and

different types of conditions that would require the use of moisturizers. Some functions of

moisturizers include preventing water loss in the skin, adding water to the skin, and improving

the appearance of the skin (Harwood et al.). After learning further about the function of the skin

and how skin works, the moisturizer has learned what ingredients do what things and how to

improve their quality.  As a result, most moisturizers combine ingredients that have different

purposes to achieve different results relating to the function and appearances of the skin. One of

the most common compounds is humectants. Humectant compounds attract and bind water. If

the humidity is more than seventy percent then humectants can hydrate the skin. However, the

more common function of humectants is to draw water from the deeper parts of the epidermis

and dermis. If users of humectants regularly use humectants without using an occlusive

moisturizer can sometimes result in transepidermal water loss and worsen skin dryness

(Harwood et al.). Occlusive moisturizers form a barrier that prevents the evaporation of water

from the skin and transepidermal water loss. The barrier formed by the occlusive moisturizer

allows the stratum corneum water content to be replenished by the deep layers of the epidermis

and dermis. When moisturizers contain humectants the water content of the skin does rapidly

increase. However, the use of humectants in moisturizers does not mean that there is no more

transepidermal water loss.  Most modern moisturizers contain both humectants and occlusives to

balance out the function of both ingredients meaning that the use of this moisturizer will most

likely not worsen the dryness of the skin and cause transepidermal water loss (Harwood et al.).
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Alpha-hydroxy acids (AHAs) are a group of humectant molecules that include glycolic

and lactic acids. AHAs impact the water content in the stratum corneum in several different

ways, they are very effective humectants (Harwood et al.). AHAs reduce corneocyte cohesion

and increase the amount of ceramides to improve barrier function which encourages

desquamation.

Urea is a part of natural moisturizing factor. Urea helps water absorb into the stratum

corneum as well as encouraging the desquamation of corneocytes and increases likely puncture

of other applied medications. Urea also helps improve the skin barrier function and reduces

transepidermal water loss (Harwood et al.). The common use of urea in moisturizer is to reduce

itching.

Glycerin is another common humectant that is commonly used in many skincare

products. Glycerin attracts and binds water and has been known to be effective in skin barrier

repair (Harwood et al.).

Gelatin is a natural biomolecule that is made up of animal skin, bones, and connective

tissues. Gelatin is made from collagen by undergoing controlled hydrolysis. Two types of gelatin

can be made from hydrolysis using either acidic or alkaline pretreatments. Gelatin is derived

from collagen, therefore collagen and gelatin have similar structural features and properties

(Gaspar-Pintiliescu et al.).

Specific Research Examples

The first experiment is done by Marie Loden, Anna-Carin Andersson, Chris Anderson,

Ing-Marie Bergbrant, Thomas Frodin, Hans Ohman, Mari-Helen Sandstrom, Tore Sarnhult, Ewa
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Voog, Berndt Stenberg, Eva Pawlik, Anna Preisler-Haggqvist, Ake Svensson, and Magnus

Lindberg.

The purpose of this experiment was to compare the effect of glycerin and urea on dry and

eczematous skin. They used 197 patients, who were split into three groups which were glycerin,

urea, and placebo. The placebo group was the control in this experiment. The products used for

testing were glycerin cream, placebo cream, and urea cream. The ingredients in the glycerin

cream were 20% glycerin, aqua, petrolatum, canola, mineral oil, cetearyl alcohol, glyceryl

stearate, dimethicone, PEG-100 stearate, glyceryl polymethacrylate, cholesterol, propylene

glycol, methylparaben, and propylparaben. In the placebo cream, the ingredients were the same

except the glycerin was replaced with water. Finally, the urea cream had 4% urea and 49 sodium

chloride, paraffinum liquidum, PEG-5-glyceryl-stearate, cetyl alcohol, stearyl alcohol, stearic

acid, trometamol, methylparaben, propylparaben, hydrochloric acid, water (Loden et al., 2002).

The patients were given a cream that they were assigned depending on their group, and at

least once a day for 30 days, they applied the cream.  Then, a dermatologist assessed the patients’

skin, checking for any changes in the dryness of their skin. The dermatologist was also looking

for any negative skin reactions similar to smarting, which is feeling a sharp stinging pain (Loden

et al., 2002).

The negative skin reactions were substantially less in patients who used the glycerin

cream than in the urea cream. No differences were found in relation to minor skin reactions such

as itching, dryness, or stinging. The data showed that the creams had equal effects on how dry

the skin was, which was looked at by the dermatologist and patients. The conclusion of this
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experiment was that the glycerin cream is sufficient to be an alternative compared to the urea

cream for the treatment of dry skin (Loden et al., 2002).

The second experiment was done by J A P Gomes, R Amankwah, A Powell-Richards,

and H S Dua.

The purpose of this experiment was to see if sodium hyaluronate encourages migration of

the human corneal epithelial cells. 32 donor corneoscleral rims established human corneal

epithelial cell cultures that were then maintained in three different culture conditions. The first

culture condition was a culture medium only. The second culture was a sodium hyaluronate

enriched medium. The third culture was a hydroxypropyl methylcellulose enriched medium. The

cell cultures were then left there to sit and researchers recorded their measure of information on

days four, eight, twelve, and sixteen.  The cell cultures were then examined after they had been

in different cell cultures for many days (Gomes et al., 2004).

The results of this experiment showed that the sodium hyaluronate enriched medium

culture had shown a significant migration increase on the twelfth day and the fifteenth day.

While this culture condition had shown an impact from the experiment, the other culture

conditions did not. The hydroxypropyl methylcellulose enriched medium and the culture medium

had shown no difference in cell proliferation or CD44 expression on the cells. The conclusion of

this experiment is that sodium hyaluronate encourages migration but not proliferation and CD44

on human corneal epithelial cells. This is beneficial because if there were to be a corneal wound

the use of sodium hyaluronate would help heal the wound faster because of the rapid migration

(Gomes et al., 2004).
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Revision of Researchable Question

Moisturizers are used every day in everyday life. Many people use moisturizers without

knowledge of what is in the moisturizer and how it actually works. This will benefit people with

dry skin and help them choose a moisturizer that has the right amount of ingredients. A question

that could be answered when finding the answer to our original research question of “How do

humectants moisturizers ffect the dryness of skin?” is “How often should you apply

moisturizers with humectants to get the best results?” People with sensitive skin might be

familiar with getting extremely dry and flaky skin in Tucson. For them it is important to have the

correct moisturizers and use them properly. Another question that could be used is “How do

different types of moisturizers such as humectants, emollients, and occlusives affect the moisture

in skin?” This could help people find the right moisturizer depending on their skin type. A final

question that can benefit people is “How do types of humectants in moisturizers help improve

illnesses related to skin?” This is very beneficial for people with skin-related illnesses because it

might help make their skin less irritated an re
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Materials

● 39.9 ounces of gelatin powder

● 5.5 milliliters of hyaluronic acid powder

● 221.8 milliliters of water

● Saran wrap

● 9 paper cups

● Ice cube mold

● Food scale

Procedures

1. We first created a gelatin skin substitute by mixing 4.4 ml of gelatin powder and 29.6 ml

of water

2. We poured the gelatin mixture into an ice cube mold

3. Then we repeated steps 1-2 8 more times to get a total of nine gelatin cubes

4. We placed the ice cube mold in the refrigerator for 24 hours

5. After 24 hours we removed the ice cube mold

6. We weighed each gelatin on the food scale in grams and recorded it

7. We mixed 0.6 ml of hyaluronic acid powder with 14.8 ml of water in a paper cup

8. Next we mixed 1.2 ml of hyaluronic acid powder with 14.8 ml of water in a paper cup

9. We poured 14.8 ml of water in a paper cup

10. Then we repeated steps 6-8 2 more times

11. We placed one of the gelatin in each of the paper cups

12. We wrapped the top of the paper cups with saran wrap to cover it



11

13. After that we let the gelatin sit in the mixtures for 24 hours

14. Next we removed the gelatin from the paper cups

15. Finally we weighed each gelatin and recorded the weight

Results

First Round Raw Data Table

Raw data table:

Amount of Hyaluronic
Acid Trial 1 Trial 2 Trial 3
Weight of Gelatin Before
24 hours 19 17.9 19
Control (just water) 26.1 28.1 24.1

0.6 ml. 23 22.1 19

Data is the
weight of the
gelatin

1.2 ml. 24.9 20.1 23

Second Round Raw Data Table

Raw data table:

Amount of Hyaluronic
Acid Trial 1 Trial 2 Trial 3
Weight of Gelatin Before
24 hours 21 20.1 22.1
Control (just water) 23 24.9 22.1

0.6 ml. 24.9 23 26.9

Data is the
weight of the
gelatin

1.2 ml. 26.1 22.1 22.1
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First Round Summary Table

Treatment (hyaluronic
acid) Trial 1 Trial 2 Trial 3

Average
Activity
(Change in
weight of
gelatin)

Standard
Deviation

Weight of Gelatin Before
24 hours 19 17.9 19 18.6 0.7
Control (only water) 26.1 28.1 24.1 26.1 2
Low Hyaluronic Acid (0.6
ml.) 23 22.1 19 21.4 2.1
High Hyaluronic Acid
(1.2 ml.) 24.9 20.1 23 22.7 2.4

Second Round Summary Table

Treatment (hyaluronic acid) Trial 1 Trial 2 Trial 3

Average
Activity
(Change in
weight of
gelatin)

Standard
Deviation

Weight of Gelatin Before 24
hours 21 20.1 22.1 21.1 1

Control (only water) 23 24.9 22.1 23.3 1.5

Low Hyaluronic Acid (0.6 ml.) 24.9 23 26.9 25 2

High Hyaluronic Acid (1.2 ml.) 26.1 22.1 22.1 23.4 2.3

Both Rounds Combined Summary Table

Treatment
(hyaluronic
acid) Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Trial 6

Average
Activity
(Change in
weight of
gelatin)

Standard
Deviation
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Weight of
Gelatin Before
24 hours 19 17.9 19 21 20.1 22.1 19.8 1.5
Control (only
water) 26.1 28.1 24.1 23 24.9 22.1 24.7 2.2
Low Hyaluronic
Acid (0.6 ml.) 23 22.1 19 24.9 23 26.9 23.2 2.7
High
Hyaluronic
Acid (1.2 ml.) 24.9 20.1 23 26.1 22.1 22.1 23.1 2.1

First Round Graph

Second Round Graph
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Both Rounds Combined Graph
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One Way ANOVA Test (First Round)
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Tukey HSD Test (First Round)

One Way ANOVA Test (Second Round)
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One Way ANOVA Test (Both Rounds)

Tukey HSD Test (Both Rounds)
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Pictures of Experiment
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Conclusions

In this experiment, we made gelatin skin substitutes to test the effect of hyaluronic acid on the

skin. The gelatin made for the testing of hyaluronic acid was weighed and recorded. Three trials

of gelatin were used in each of the two rounds of the experiment. These trials included the

control with no hyaluronic acid added, a low treatment where 0.6 ml of hyaluronic acid was

added, and a high treatment where 1.2 ml of hyaluronic acid was added. These gelatins were

weighed and recorded after twenty-four hours, we then put the recorded data into a data table

where the average weights of the gelatin with the different treatments were compared and we

found the average weight which shows the amount of water concentration of the gelatin after the

treatment had been added and had sit for twenty-four hours. After the 24 hours were up, the

gelatin was removed from the refrigerator and we mixed the hyaluronic acid powder with the

water and poured it into different cups. Then, one cube of gelatin was placed into each cup and

was wrapped with saran wrap over the top of each cup. The gelatin was sitting in the cups for 24

hours and after the 24 hours were up, the gelatin was removed from the cups and weighed.

In the first round of experiments, the average original weight of the gelatin was 18.6

grams and after twenty-four hours with a treatment of 0.6 ml of hyaluronic acid, the average

weight of the different trials of the gelatin was 21.4 grams. The gelatins were then treated with a

total of 1.2 ml of hyaluronic acid and had a final average weight of 21.4 grams after twenty-four

hours. The control of the gelatin’s final average weight resulted in 26.08 grams.  The ANOVA

test of the first round of experiments showed that there was a significant value of .89 between the

original weight of the gelatin and the control treatment which was just treatment with water.
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While this is significant, the fact that the gelatin skin substitute absorbed almost all of the water

is not surprising considering the function of this experiment was to see what effect the hyaluronic

acid had on the water content of the skin substitute, it only makes sense that the skin substitute

would take advantage of the water treatment and have increased water content.

In the second round of experiments, the average original weight of the gelatin was 21.1

grams and after twenty-four hours with a treatment of 0.6 ml of hyaluronic acid, the average

weight of the different trials of the gelatin was 25 grams. The gelatins were then treated with a

total of 1.2 ml of hyaluronic acid and had a final average weight of 23.4 grams after twenty-four

hours. The control of the gelatin’s final average weight resulted in 23.3 grams. Unlike the first

round of experiments, the second round of experiments did not have any significantly different

treatments.

The first round of experiments, the ANOVA test showed that there was a significant value

of .89 between the original weight of the gelatin and the control treatment. The second round of

experiments there was no significant value found during the ANOVA test. The difference

between the first and second rounds of experiments could be attributed to human error in the

preparing of the gelatin and recording the measurements, or this difference could have happened

because the first round of gelatins were mixed better than the second round and could absorb and

hold more water than the second round of gelatins could.

In both rounds of experiments combined, the average original weight of the gelatin was

19.8 grams and after twenty-four hours with a treatment of 0.6 ml of hyaluronic acid, the average

weight of the different trials of the gelatin was 23.2 grams. The gelatins were then treated with a



22

total of 1.2 ml of hyaluronic acid and had a final average weight of 23.1 grams after twenty-four

hours. The control of the gelatin’s final average weight resulted in 24.7 grams. The ANOVA test

for both rounds of this experiment showed that there was a significant value of .74 between the

original weight of the gelatin before the treatment and the control, only water treatment.

However, we analyzed it with the first round of experiments, and while this value is significant,

the fact that the gelatin skin substitute absorbed almost all of the water is not surprising. The

gelatin is a skin substitute and the skin does soak water to moisturize itself and increase its water

content.

Our original hypothesis going into this experiment was that moisturizers have been

proven to reduce dryness short term but not to hold water for long periods of time, based on our

research we believe that hyaluronic acid is a material that is very useful for long-term water

concentration in the skin rather than the typical moisturizers that only work for short periods of

time. We believe that the resulting data of the treated skin substitute will show an increase in

weight to show the increase in water concentration. Based on the evidence shown by the data we

have collected we can say that the data does support our hypothesis. The increased weight of the

hyaluronic acid-treated gelatins shows that moisture was absorbed and proved our hypothesis

that the hyaluronic acid would allow the skin substitute to be better moisturized.

The data we have collected shows that the gelatin mixed with hyaluronic acid, did in fact

absorb the water and hold more moisture than the gelatin had started with. The control treatment

showed that the gelatin could indeed hold more moisture but understanding that water is not an

ingredient in moisturizer that could be used to reduce the dryness of skin even if it is more
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effective than other ingredients. Due to this, to reduce the dryness of skin the next best ingredient

should be used to be more effective, this experiment showed the effectiveness of the hyaluronic

acid in increasing the moisture in the gelatin skin substitute.

Reflection

In this experiment, improvements that could be made include fixing the inaccuracy that

could have happened because of human error. Many aspects of this experiment relied on the

ability of a human, to reduce inaccuracy. If this experiment was done again there would have

been better scientific equipment used to make sure that the data is as accurate as it could possibly

be.

In further research the knowledge of better effective ingredients for moisturizers could be

useful for the human population. Moisturizers are used every day in everyday life. Many people

use moisturizers without knowledge of what is in the moisturizer and how it actually works.

Further research on this topic will benefit people with dry skin and help them choose a

moisturizer that has the right amount of ingredients. A question that could be answered when

finding the answer to our original research question of “How do humectants, such as hyaluronic

acid, in moisturizers help improve the dryness of skin?” is “How often should you apply

moisturizers with humectants to get the best results?” People with sensitive skin might be

familiar with getting extremely dry and flaky skin in Tucson. For them it is important to have the

correct moisturizers and use them properly. Another question that could be used is “How do

different types of moisturizers such as humectants, emollients, and occlusives affect the moisture

in skin?” This could help people find the right moisturizer depending on their skin type. A final
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question that can benefit people is “How do types of humectants in moisturizers help improve

illnesses related to skin?” This is very beneficial for people with skin-related illnesses because it

might help make their skin less irritated and red and solve daily problems by reducing the illness

they have related to their skin.
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