©2019
Mihir Moghe
ALL RIGHTS RESERVED

GRAFTING OF ASPIRIN ON TO GELATIN
FOR ANTI-INFLAMMATORY EFFECT IN
SCAFFOLD DEVELOPMENT
By
MIHIR RAVINDRA MOGHE

A thesis submitted to the
School of Graduate Studies
Rutgers, the State University of New Jersey
In partial fulfilment of the requirements
For the degree of
Master of Science
Graduate Program in Chemical and Biochemical
Engineering
Written under the direction of
David Shreiber
And approved by
____________________________
____________________________
____________________________
New Brunswick, New Jersey
October, 2019

Abstract of Thesis
GRAFTING OF ASPIRIN ON TO GELATIN FOR ANTIINFLAMMATORY EFFECT IN SCAFFOLD DEVELOPMENT
By MIHIR MOGHE
Thesis Director:
Dr. David Shreiber

In recent times, there is an increasing interest in the field of tissue engineering for
biochemical or biomedical use. A core component of tissue engineering is the scaffolds used for
controlling cell growth. These scaffolds are made of a plethora of materials, each with their own
distinct properties, which can be further modified by the addition of secondary substances like
drug molecules.
Gelatin is a commonly used biomaterial for the formation of gel scaffolds. However, due
to its water solubility, there have been issues trying to graft water-insoluble materials on to it. In
this work, we try to graft aspirin, a water-insoluble drug molecule, to gelatin and characterize the
properties of the resultant product.
The grafting of the gelatin and aspirin was performed through amidation with
dicyclocarbodiimide (DCC) and N-hydroxysuccinimide (NHS) as intermediate coupling agent.
During this process, experiments were conducted to find appropriate solvents for a homogenous
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reaction. The resultant product was purified utilizing multiple filtration passes, dialysis, and
lyophilization.
After production of the aspirin-grafted-gelatin (AGG), it was characterized and tested for
its gelling and anti-inflammatory effect. The below-mentioned tests were conducted to
characterize the product and confirm the expected results.
Free amine detection using fluorescamine assay was conducted to detect the presence of
a secondary material which may have replaced the free amines in gelatin. It was assumed that
these amines were consumed in amidation with aspirin. FTIR spectroscopy was used to determine
the characteristics of the materials within the AGG. This was performed by comparing the troughs
of AGG wave numbers with the troughs of gelatin and aspirin at the same wave numbers. To
determine the gel scaffolding capability of AGG, gelling test of AGG was conducted. Finally, to test
whether AGG has retained aspirin’s anti-inflammatory properties, cell testing using RAW 264.7
macrophages was conducted. Enzymatic breakdown test using trypsin was also run on AGG to
calculate its breakdown rate as compared to gelatin.

iii

ACKNOWLEDGEMENT
Nothing could be accomplished alone. I would like to express my deep sense gratitude to
all contributors who helped me directly and indirectly.
First, I would like to thank Rutgers University and its Chemical Engineering department
for giving me an opportunity to prepare this project as a part of the MS program.
Secondly, I would like to thank my guide, Professor Shreiber, for guiding me throughout
the preparation of this project and for correcting me wherever required.
Third, I would like to thank my father, mother and sister for supporting me every step of
the way.
Last but not the least, a big thank you to my colleagues, without whose support and
encouragement this project would have never been completed.

iv

Table of Contents
Abstract of Thesis............................................................................................................................. ii
ACKNOWLEDGEMENT ..................................................................................................................... iv
Table of Contents ............................................................................................................................. v
Table of Illustrations ...................................................................................................................... vii
1

Document Organization ........................................................................................................... 1

2

Background .............................................................................................................................. 2
2.1

Scaffolds for regenerative medicine ................................................................................ 3

2.2

Gelatin .............................................................................................................................. 3

2.3

Aspirin .............................................................................................................................. 5

2.4

Grafting Functional Groups on Biomaterials ................................................................... 7

3

Aims ......................................................................................................................................... 8

4

Methodology for formation and testing of AGG ..................................................................... 9
4.1

Introduction ..................................................................................................................... 9

4.2

Materials Used ................................................................................................................. 9

4.3

Experimental Procedure ................................................................................................ 10

4.3.1
4.4

Grafting Aspirin onto Gelatin ................................................................................. 10

Testing Methodologies Used and Procedures ............................................................... 12

4.4.1

Fluorescamine Test ................................................................................................ 12

4.4.2

Fourier Transform Infrared Spectroscopy (FTIR) ................................................... 13

v

5

6

4.4.3

Biodegradation Test ............................................................................................... 13

4.4.4

Gel Formation Test................................................................................................. 14

4.4.5

Cell Tests ................................................................................................................ 14

4.4.6

Statistical Calculation ............................................................................................. 17

Results .................................................................................................................................... 18
5.1

Observations from grafting aspirin onto gelatin with methanol solvent ...................... 18

5.2

Grafting Aspirin onto Gelatin with N, N – Dimethylformamide solvent ........................ 21

5.3

Tests Conducted............................................................................................................. 21

5.3.1

Fluorescamine Assay .............................................................................................. 21

5.3.2

FTIR readings .......................................................................................................... 23

5.3.3

Enzymatic Degradation Test .................................................................................. 27

5.3.4

Gelling Test............................................................................................................. 28

5.3.5

Cell Testing ............................................................................................................. 29

Conclusions and Future Work ................................................................................................ 37
6.1

Conclusions .................................................................................................................... 37

6.2

Future Work ................................................................................................................... 38

7

Appendix ................................................................................................................................ 40

8

Bibliography ........................................................................................................................... 36

vi

Table of Illustrations
Figure 2.2-1: Representation of Gelatin in terms of amino acids present within it .................. 4
Figure 2.3-1: Reaction for production of Aspirin from Salicylic Acid and Acetic Anhydride ..... 5
Figure 2.3-2: Chart explaining the production of prostaglandins and area of effect of Aspirin 6
Figure 2.4-1: The mechanism for amide formation from a carboxylic acid and a primary amine
using a carbodiimide and a succinimide [11] ............................................................................... 7
Figure 4.4-1: Optical microscope pictures of macrophage growth (low density) at 20X
magnification ........................................................................................................................... 15
Figure 4.4-2: Mechanism of Greiss reagent components with detecting presence of Radical
Nitrogen Species ...................................................................................................................... 17
Figure 5.1-1: Optical microscope pictures of electrospun product material........................... 19

Chart 5.1-1: Chart of readings to calculate theoretical values of free amines within product20
Chart 5.3-1: Chart of readings to calculate theoretical values of free amines within AGG (Sample
1 and 2). ................................................................................................................................... 22
Chart 5.3-2: Chart of peaks and valleys for aspirin obtained from FTIR .................................. 24
Chart 5.3-3: Chart of peaks and valleys for gelatin obtained from FTIR.................................. 25
Chart 5.3-4: Chart of peaks and valleys for AGG obtained from FTIR ..................................... 26
Chart 5.3-5: Combined Chart of peaks and valleys of the three materials.............................. 27
Chart 5.3-6: Chart indicating change in fluorescamine value with time ................................. 28
Chart 5.3-7 Chart indicating avg. RNS concentration with and without exposure to LPS (Data table
on the following page) ............................................................................................................. 29

vii

Chart 5.3-8 Chart indicating the comparison of materials with cells as control. Error bars represent
standard deviation from the mean. P values determined through one-way analysis of variance
using Dunnett’s method. ......................................................................................................... 31
Chart 5.3-9 Chart indicating the comparison of materials using cells treated with LPS as control.
Error bars represent standard deviation from the mean. P values determined by one-way analysis
of variance using Dunnett’s method........................................................................................ 32
Chart 5.3-10 Chart indicating the comparison of materials using cells treated with LPS and gelatin
as control. Error bars represent standard deviation from the mean. P values determined by oneway analysis of variance using Dunnett’s method. ................................................................. 33
Chart 5.3-11 Chart indicating the comparison of AGG with Aspirin as control with regards to antiinflammatory effect. Error bars represent standard deviation from the mean. p>0.05 determined
by one-way analysis of variance using Dunnett’s method. ..................................................... 34
Chart 5.3-12 Chart indicating the comparison of AGG with Aspirin+Gelatin mixture as control.
Error bars represent standard deviation from the mean. p>0.05 determined by one-way analysis
of variance using Dunnett’s method........................................................................................ 35

Table 5.3-1: Calculated Theoretical Values for Aspirin present per mg of AGG ...................... 23
Table 5.3-2: Values of respective peaks and valleys for Aspirin obtained from FTIR .............. 24
Table 5.3-3: Values of respective peaks and valleys for Gelatin obtained from FTIR.............. 25
Table 5.3-4: Values of respective peaks and valleys for AGG obtained from FTIR .................. 26

Appendix Table 7-1: Readings for fluorescamine assay for AGG (Sample 3) .......................... 40
Appendix Table 7-2: Readings for fluorescamine assay for AGG (Sample 1:2 and 1:3) .......... 42
Appendix Table 7-3: Amount of Aspirin per mg of AGG .......................................................... 44

viii

Appendix Chart 7-1: Chart of readings to calculate theoretical values of free amines within AGG
(Sample 3) ................................................................................................................................ 41
Appendix Chart 7-2: Chart of readings to calculate theoretical values of free amines within AGG
(Sample 1:2 and 1:3) ................................................................................................................ 42

Appendix Equation 7-1: Amount of Aspirin per mg of AGG .................................................... 43

ix

1

1 Document Organization
The following sections in this document provide the details of the project.
Section 2 describes the background of the project.
Section 3 describes the aims of the project
Section 4 details the method of production of the Aspirin-grafted Gelatin as well as the
experimental procedures for the various tests.
Section 5 describes testing results.
Section 6 discusses conclusions and future work
Section 7 is an appendix and provides details of grafting efficiency and fluorescamine test
calculations
Section 8 provides details of reference material used
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2 Background
In recent times, there has been grafting of a variety of compounds onto various polymers
and proteins to enhance their effects when made into a scaffold [3, 4]. Some of the base materials
used in the grafting are commonly found in the body. This includes polysaccharides such as
cellulose or hyaluronic acid, proteins such as collagen or gelatin, lipids, etc. Of these, gelatin and
its parent molecule, collagen, are especially valued for making of these modified scaffolds.
Gelatin is a commonly used material within a multitude of industries and research activities
[1]

. This is due to large advantages of gelatin, including but not limited to, ease of use as compared

to collagen, water solubility, easy production, inexpensiveness and high biocompatibility. Because
of these advantages, gelatin has been used everywhere from food to photography to
pharmaceuticals for a variety of functions[1] that include, use for drug delivery[2] and thermoreversible hydrogel scaffolds production[3], both of which are of great value to the biomedical
industry.
Carbodiimide amidation is a commonly used process for the modification of protein
scaffolds. It is utilized in grafting carboxylic acids (e.g. aspirin) with the free amines on peptides in
proteins [5-7]. The resulting bonding allows for targeted delivery and/or controlled drug release [6,
7]

and is being successfully used with drugs/materials where these effects are desired.
While a plethora of different possible materials to test out are available, aspirin was used as

it is a very commonly available drug worldwide. It has been studied exhaustively to explain its
anti-inflammatory/anti-thrombotic effect

[9]

. And unlike other more complicated substances

which might have a secondary effect or be harder to analyze, aspirin has a relatively simple
structure and very little, if any side reactions.
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The following subsections give further details about the main concepts and materials used
within this project.

2.1 Scaffolds for regenerative medicine
Scaffolds are materials that play an important role in tissue engineering. These are made
of biomaterials and used to guide cell growth and development of the tissue [18]. The scaffolds can
also have additional compounds within them, or be made of such materials that they will have
secondary functions like, an antibacterial effect [19], cell differentiation [20], drug delivery [21], etc.
It is expected that scaffolds be biocompatible and have appropriate properties to meet the
specific function requirements. A scaffold’s properties and functions are predominantly
dependant on the material used within it, as well as how they are synthesized. Mechanical
properties are often a limiting feature of the scaffolds.
Synthesis methods used to build the scaffold is another important factor of scaffold
development. Multiple methods such as nanofiber self-assembly, electrospinning, formation of
non-woven meshes, formation of porous gels, gas foaming, laser-assisted bio-printing, etc. are
available and they each have their own advantages and disadvantages.
Biomaterials commonly obtained from plants and animals include polymers,
polysaccharides, proteins like collagen, acids like hyaluronic acid, lipids etc.; they are commonly
used within scaffolds due to their extremely well-suited biocompatibility.

2.2 Gelatin
Gelatin (also known as gelatine), is an animal protein formed from the thermal degradation
of collagen. It consists of multitude of amino acids, both cationic and anionic, as well as
hydrophobic amino acids, in an approximate ratio of 1:1:1 [1]. The major amino acid within gelatin

4
is glycine (almost 33%) with 33% being a mix of proline and hydroxyproline. [1] The chemical
structure is generally represented as (Gly-X-Pro)n.

Figure 2.2-1: Representation of Gelatin in terms of amino acids present within it
Gelatin is the same as collagen (gelatins parent molecule) in chemical structure and
composition. The major difference between them is within their secondary structures; in that,
collagen has a defined secondary structure in the form of 3 strands in a triple helix structure while
gelatin is completely denatured.
Gelatin is soluble in most polar solvents (e.g. water), however collagen is insoluble in most
polar solvents. This is due to large number of intra- and inter-molecular covalent bonds present
in collagen’s secondary structure, which leads to its insolubility in polar solvents. In the process
of creating gelatin from collagen, these covalent bonds in collagen are broken down and that
makes gelatin have a much better solubility within polar solvents. This difference in structure also
leads to a difference within their mechanical properties and rheology, where gelatin gel scaffolds
are formed at lower temperatures, whereas collagen gel scaffolds are formed at higher
temperatures.
Other than this, any difference it might have in its physical properties to collagen, such as
difference in pH, depend on the source [1]. Collagen and gelatin from different animals often have
different amino acid ratios, which can affect the properties. The methods used for processing may
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also lead to a change in properties e.g. Type-B gelatins, which undergo alkaline pre-treatment,
show a lower isoelectric point than their parent collagen, due to deamidation of the asparagine
and glutamine amino acids, which get converted into their carboxylic forms.
Gelatin has been studied as a possible material for scaffolds within tissue engineering, due
to its bioavailability, non-toxic nature, and ease of use. An issue seen with such gelatin scaffolds,
however, is in mechanical properties. Since gelatin generally has a gelling temperature of 20°C or
lower (depending on the animal source), it is difficult to use gelatin gel scaffolds at body
temperature. These scaffolds also show a relatively poor mechanical strength, making their use
within the body difficult on their own. [13]

2.3 Aspirin

Figure 2.3-1: Reaction for production of Aspirin from Salicylic Acid and Acetic Anhydride
Aspirin (Chemical Name: Acetylsalicylic Acid) is one of the most commonly used drugs in
the world. [15] It was originally known for its anti-inflammatory and anti-pyretic properties. Later,
it became important in treating cardiovascular and cerebrovascular diseases due to its
anticoagulation effect [14]. This effect is observable due to its action on cyclooxygenase enzyme
(COX).
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It is known that the COX produces prostaglandins [17]. These prostaglandins, formed from
arachidonic acid, have a variety of functions depending on the type of cells producing them. For
example, prostacyclin, produced in the vascular endothelial cells, causes vasodilation and inhibits
platelet aggregation. Another prostaglandin, thromboxane, gets produced by the platelets and
causes platelet aggregation and clotting. Other prostaglandins cause inflammation and pyrexia
(raising temperature of the body) and other effects within the human body.
It is known that aspirin works by inhibiting the enzymatic action of the COX. Specifically,
the acetyl group of aspirin reacts with the hydroxyl group of a serine residue on the enzyme (Ser
530), rendering it inactive and unable to convert arachidonic acid into prostaglandins.
Furthermore, this change is irreversible. Thus, the only way to produce prostaglandins is to
completely replace the enzyme with one that has not been rendered inert.

[17]

However, an

overdose causes a lack of production of necessary prostaglandins unrelated to inflammation,
pyrexia or platelet coagulation, but rather which maintain intestinal mucosa or renal perfusion.
[26]

This is why aspirin overdoses can cause gastric irritation or interfere with renal function.

Figure 2.3-2: Chart explaining the production of prostaglandins and area of effect of Aspirin
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2.4 Grafting Functional Groups on Biomaterials
Grafting various groups onto biomaterials depends on the type of material being grafted
and the location on the biomaterial molecule where they will be grafted.
Within this experiment, the focus is on using gelatin as the biomaterial and aspirin as the
drug molecule to be grafted onto it, and thus the mechanism of the reaction used for this must
be considered.
To achieve this grafting, amidation reaction using carbodiimide is used. The process uses a
carbodiimide, such as dicyclohexylcarbodiimide (DCC) or N, N’-diisopropylcarbodiimide, which
reacts with the aspirin to form an unstable intermediate acyliso-urea. The acyliso-urea then reacts
with a succinimide to form a succinimidyl ester as an intermediate. This intermediate reacts with
the free amine on the peptide to form the amide.

Legend: I: Succinate Ester, II: Amide Product
Figure 2.4-1: The mechanism for amide formation from a carboxylic acid and a primary amine
using a carbodiimide and a succinimide [11]
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3 Aims
The aims of this thesis were to:


Chemically graft aspirin on to gelatin



Assess the effects of the grafting on hydrogel scaffold formation



Verify the anti-inflammatory effects of AGG
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4 Methodology for formation and testing of AGG
4.1 Introduction
As detailed in many previous studies about interactions between proteins and carboxylic
acids

[4] [7] [22]

, amidation through the carbodiimide method was used. However the hurdle was

with the materials to be grafted; aspirin is insoluble in water beyond trace amounts, and gelatin
is insoluble in non-polar solvents. This hurdle was resolved using solvents which would be
miscible, making the reaction homogenous rather than heterogeneous.
It was attempted to determine whether the resultant product developed can form gel
scaffolds as well as whether it would show the expected anti-inflammatory effect.

4.2 Materials Used
Type A and Type B gelatins were both used in testing. Type A Gelatin (from porcine skin)
(CAS #9000-70-8) and Type B gelatin (from bovine skin) (CAS #9000-70-8) was obtained from
Sigma Aldrich. The gel strength of the two substances was 300g bloom and 225 g bloom
respectively. Both are soluble in water up to 50 mg/ml, and are suitable for cell culturing.
Aspirin (meeting USP testing standards) (CAS # 50-78-2) was also obtained from Sigma
Aldrich. This consisted of 99% pure crystalline flakes.
Dicyclohexylcarbodiimide (DCC), N-hydroxysuccinimide (NHS), N, N-dimethylformamide
(DMF),

Fluorescamine,

acetone,

Hexafluoro-Isopropanol,

Trifluoroethanol,

Penicillin/Streptomycin solution, and L-Glutamine solution were all obtained from Sigma-Aldrich.
Methanol, 1x Phosphate Buffered Saline solution (PBS), Dulbecco's Modified Eagle Medium
– low glucose, no glutamine and phenol red (DMEM) were obtained from Thermo Fisher.
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Fetal Bovine Serum was obtained from Neuromics
Water used as a solvent was obtained through a Milli-Q water system.
When testing, the cells used were RAW 264.7 (ATCC® TIB-71™) cells, obtained from Mus
musculus (mouse). These cells are Abelson murine leukaemia virus transformed monocytes which
develop into macrophages. They are of the BALB/c strain and were stored in liquid nitrogen vapor
phase till use.

4.3 Experimental Procedure
Sections below explain the procedural steps used to graft Aspirin on to Gelatin in detail.

4.3.1 Grafting Aspirin onto Gelatin
The following steps were executed to graft aspirin onto gelatin:
1. Originally methanol was used as a solvent, however it was switched to N, Ndimethylformamide (DMF) because methanol reacted with the aspirin-DCC intermediate
before the gelatin was introduced in the mix.
2. The ratio of aspirin: DCC: NHS: gelatin to be used was determined based on discussions
with fellow researchers working on similar experiments and finalized to 1.18 mmol
Aspirin: 1.45 mmol DCC: 0.85 mmol NHS: 37.5 mg gelatin. To push the reaction forward
and avoid settling in an equilibrium state, the number of moles of gelatin was kept low
compared to the number of moles of aspirin-NHS ester.
3. Separately, solutions of aspirin, DCC and NHS within DMF were made at ratios of 100
mg/ml, 100mg/ml and 50 mg/ml, respectively.
4. The gelatin was dissolved within water to the concentration of 3.75 mg/ml to prevent
unwanted gelling at low temperatures. In further experiments where larger amounts of
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gelatin were tested, the concentration and volume of water used for solubilising gelatin
were changed depending on the amount of gelatin used.
5. The aspirin, DCC and NHS solutions were mixed together. This was executed in a three
step order. First, the aspirin and NHS solutions were mixed together. Then the DCC
solution was added into the mixture. Finally, the aspirin-DCC-NHS mixture was stirred and
allowed to stand for 15 minutes.
6. The precipitated crystals of DCU were filtered out.
7. The gelatin solution was added to aspirin-DCC-NHS mixture. This new mixture was then
capped and kept for mixing for 24 hours at room temperature.
8. After 24 hours of mixing to ensure reaction completion, the mixture was filtered under
vacuum. The solid fraction consisting of unreacted material and resultant
dicyclohexylurea (DCU) byproduct was filtered out.
9. The filtrate was dialyzed using snakeskin membrane to remove the non-aqueous solvent
and any remaining impurity.
For dialysis, the ratio of water used for washing during each cycle of dialysis was 160:1 – 200:1.
The washing water was changed twice; first, at 4 hours from starting the dialysis, and later, at
12 hours after the first change. After this, it was kept for 24 hours, after which the dialysed
solution was collected and filtered once again to remove any solid impurities present. After this,
the solution was frozen and then lyophilized to get the resultant solid product (AGG).
A requisite amount of AGG was dissolved within water or PBS at ratios ranging from 3.75
mg/ml to 10 mg/ml depending on the further tests to be carried out.
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4.4 Testing Methodologies Used and Procedures
Sub-sections below explain the methods used to test the Aspirin Grafted Gelatin (AGG) in
detail.

4.4.1 Fluorescamine Test
The assumption is that if any aspirin has reacted with the gelatin, it would’ve reacted with
amino acids containing a free amine group, such as lysine. To test this out, the fluorescamine test
was used. The test compares the amount of free amine groups (on lysine) within a certain
concentration of a sample to a standardized graph of various concentrations of a reference
standard; in this case, pure gelatin.
In this method, gelatin solutions of various concentrations (from 0 mg/ml to 3.75 mg/ml)
were made within PBS. Similarly, a 3.75 mg/ml solution of the AGG was also made with PBS. 5
samples of 75 µl of each were taken in a 96-well plate.
A solution of fluorescamine within acetone was made at the concentration of 3 mg/ml in
the dark. 25 µl of this fluorescamine solution was added to each well. Then the plate was set aside
in the dark for fluorescamine to react with the free amines. After 10 minutes, the fluorescence of
the samples was measured using a plate reader. The fluorescence was measured with an
excitation wavelength of 400 nm, and an emission wavelength of 460 nm. After taking the
readings, the averages for each concentration was taken and tabulated.
From this, it is possible to equate 3.75 mg/ml of AGG to a certain concentration of pure
gelatin. Comparing this concentration, the percentage of free lysine consumed by the grafting
reaction was calculated. Using this, the theoretical amount of aspirin present per mg of AGG was
also calculated.
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4.4.2 Fourier Transform Infrared Spectroscopy (FTIR)
Fourier Transform Infrared Spectroscopy is a technique used to identify the materials
within an object. This identification is performed through observation of the infrared spectra of
the absorption or emission of the material [27]. The peaks of the spectra coincide with the energy
levels of various types of bonds, which can be identified when compared to a standard. Thus,
through comparing the positions and amounts of the peaks, it becomes possible to identify the
compounds present [27].
To perform the FTIR, a Perkin Elmer FTIR spectrometer, Model: Frontier was used. The
device has a universal ATR sampling accessory made out of diamond. This enables the sample
readings to be taken directly in its current state, without any further preparation. Spectrum
software was used to analyze the readings from the FTIR.
The readings for AGG were taken in the wave number region of 400 cm-1 to 2000 cm-1.
Readings for pure aspirin and pure gelatin were taken as base line readings within the same
region. This region was focused on due to it falling within the fingerprint region, thus any
similarities in transmittance between the compounds would be particularly noticeable within this
region.

4.4.3 Biodegradation Test
A potential problem of AGG is of the gelatin polymer strands being too large to allow for
aspirin entry into the COX enzyme access points. Without access, the material would not be as
effective in anti-inflammation of the cell. Enzymatic breakdown of the AGG could prove important
for its function to generate fragments small enough to enter cells.
As the proteins would fragment, the liberated peptides would have free amines from the
newly exposed N-terminus. This increase in free amines could then be observed using
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fluorescamine and compared to the reading taken at the beginning to observe the rate of
breakdown, as well as compare it with the breakdown of the gelatin.
The breakdown of the AGG molecule with respect to gelatin was studied within an
enzyme-rich environment. A 2% v/v solution of trypsin in water was used as the enzyme. A sample
of this solution was kept aside for testing as a blank.
Equivalent amounts of pure gelatin and AGG were taken and dissolved within this trypsin
solution. The mixtures were kept at 37°C for 10-15 minutes until complete dissolution. A zero
hour (t=0) reading of free amines within the materials was taken using fluorescamine along with
the blank. Then the samples were kept within an incubator at 37°C and 5.0% CO2.
After every 24 hours, the samples were taken out of the incubator and a reading of the
fluorescamine value was taken to observe the effect of enzymatic degradation with time. This
exercise was conducted for 7 days; followed by a “long term degradation” observation taken 2
weeks after zero hour (t=0).

4.4.4 Gel Formation Test
This test was conducted to test the capability of AGG to form gels like gelatin. This was a
qualitative test and to conduct it, both 0.5% w/v (5 mg/ml) and 1% w/v (10 mg/ml) solution of
AGG and gelatin were dissolved in PBS.
The samples were then kept at 4°C for 24 hours. At the end of 24 hours, the samples were
taken out and observed for gelling effects.

4.4.5 Cell Tests
A series of in vitro experiments were performed to evaluate the following:
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Confirmation of grafting of aspirin onto gelatin through observations of aspirin’s antiinflammatory property on inflamed cells.



Observation of anti-inflammatory efficacy of AGG compared to aspirin and gelatin as
baseline materials.

Figure 4.4-1: Optical microscope pictures of macrophage growth (low density) at 20X
magnification
To observe this, RAW 264.7 macrophages were taken and cultured until they were of
sufficient quantity. Then they were taken and mixed within clear cell media (DMEM+FBS+P/S+Lglut). These cells were seeded in a 48 well plate at a final concentration of 1X106 cells/ml. There
was a 3-hour incubation time period to allow the cells to attach to the plate. After 3 hours, within
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the well plate, groups of 6 wells were taken, of which three wells would have LPS added to them,
and other 3 would have only cell media.
Clear media or solutions of aspirin, gelatin, aspirin+gelatin, and AGG of requisite
concentrations were added.
In this case, the final concentration of Aspirin (the positive control) was 250mcg/ml.
The requisite concentration of AGG was calculated based on the concentration of aspirin
used. This concentration changed depending on the sample of AGG, with a general final
concentration of almost 4-5 mg/ml.
The concentration of gelatin (the negative control) was taken as same as that of AGG.
Finally, a mixture of aspirin and gelatin, mimicking the concentrations of each in AGG were taken
for the final set of wells.
Then after adding these materials, the cells were incubated for 2 hours to seed the
materials in them. After this, half of the cells were stimulated by LPS (final concentration 1 µg/mL),
while the other half had the same amount of blank media added to them. Then they were
incubated for 24 hours at 37°C and 5.0% CO2.
After this, the supernatant was taken in samples of 50µL and tested for presence of radical
nitrite species (RNS), using Griess reagent (1% sulfanylic acid and 0.1% naphthylethylenediamine
dihydrochloride (NED) in 2.5% phosphoric acid). The addition of Griess reagent was a 2-step
process where 50µL sulfanilic acid was added to each sample first, in the dark, followed by 5-10
minutes of incubation. After that, 50µL of NED solution was added to the samples, with another
5-10 minutes of incubation. This test indicates the presence of RNS with a distinct pink color.
To calculate the amount of RNS present in the samples, absorbance at 548 nm (the λmax
for the Griess Reagent product with RNS) was observed. From these observations, the
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concentration of RNS was calculated within each sample type. (Blank, aspirin, gelatin,
aspirin+gelatin and AGG)
The following diagram depicts the general mechanism of Greiss Reagent with RNS.

Figure 4.4-2: Mechanism of Greiss reagent components with detecting presence of Radical
Nitrogen Species

4.4.6 Statistical Calculation
Statistical calculations and ANOVA tests were performed using GraphPad Prism v8.1.2.
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5 Results
Sub-Section 6.1 explains the way of grafting aspirin onto gelatin using methanol solvent.
However, during the course of experiment, key learning was noted and that forced change in the
direction of the experiment and the necessity to use a different solvent for grafting aspirin onto
gelatin.
Sub-section 6.2 explains the way of grafting aspirin onto gelatin using N, N – dimethylformamide
solvent.
Sub-section 6.3 discusses the various tests conducted to test the resultant product obtained from
reactions carried out as explained in sub-section 5.4. These tests helped in confirming that the
aspirin has indeed been grafted onto Gelatin.

5.1 Observations from grafting aspirin onto gelatin with methanol solvent
Methanol was initially chosen as a solvent due to its low cost, ready availability, ease in
procurement and use, and easy removal when needed. Also, none of the papers referred to, nor
the discussions with fellow researchers warned of the possibility of the side reaction occurring,
hence the possibility of side reactions wasn’t considered until later.
One difference was the heat production when the aspirin, DCC and NHS solutions in
methanol were mixed together prior to adding the gelatin solution. One fact that was missed till
late in the experimentation was that this could be due to an R-COOR Steiglich esterification
process occurring in this reaction. It was believed this heat was simply due to the carbodiimide
reaction forming the NHS-ester intermediate. Since the crystals precipitated after a certain point
in time, it was inferred that these were crystals of dicyclohexylurea (DCU) formed as a side product
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of the reaction, which are less soluble than DCC. These were filtered out to avoid their presence
in the further steps of experiment.
The final product was a white, cotton-like product, which was insoluble in the common
tested solvents (water, PBS, dilute hydrochloric acid in water, dilute sodium hydroxide in water,
acetone, methanol, ethanol, isopropanol, triethylamine solution in water, Dichloromethane,
Dimethyl sulfoxide) and only showed solubility within solvents such as hexafluoro isopropanol
(HFIP) and trifluoroethanol (TFE). This inability to dissolve within solvent the base materials were
soluble in, led to a certain amount of doubt about the product.
Due to its insolubility, it was decided to see the feasibility of forming scaffolds from this
material by electro-spinning as gels could not be formed.
After electrospinning, it was observed that the produced material consisted primarily of
microfibers, with a certain amount of nanofibers.

Figure 5.1-1: Optical microscope pictures of electrospun product material
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Another reason for doubt about the produced material was the relatively low amount of
primary amines consumed, as per the results of the fluorescamine assay. One change within this
assay was due to the material being insoluble in PBS, it was instead dissolved in TFE.
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Chart 5.1-1: Chart of readings to calculate theoretical values of free amines within product
From this chart, it was calculated that the amount of consumed amines was 23.4%.
However, in discussions with other researchers, it was concluded that these results were
likely due to deposition of Aspirin Ester on gelatin rather than actual amidation between the
aspirin and gelatin.
Using a different solvent that would not interfere with the expected reaction between
gelatin and aspirin was advised. Therefore, after much deliberation with other researchers, using
N, N – dimethylformamide as a solvent was considered. This solvent does not react with aspirin,
nor with the Aspirin-NHS ester, and was miscible in water, allowing for homogenous reaction.
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5.2 Grafting Aspirin onto Gelatin with N, N – Dimethylformamide solvent
When mixing the solutions of Aspirin, DCC and NHS together, no heat was produced unlike
with methanol. However, formation of crystals of DCU was observed within the solution.
After the entire process, what remained was cotton-like material that was completely
soluble in water and PBS solution. This made it easier to run reactions comparative to gelatin.
However, due to the product being water soluble, electrospinning was not considered as a
process for scaffold formation, and the focus was shifted onto whether it could form gel scaffolds.

5.3 Tests Conducted
Fluorescamine test, FTIR test, Enzymatic Degradation Test, Gel Formation Test, and Cell test
were conducted to test the product (AGG) and understand its expected and unexpected results.
Below sub-sections discuss and display the results obtained from each of the test mentioned.

5.3.1 Fluorescamine Assay
After running fluorescamine assay with gelatin standards, it was found that there was a
very high amount of consumed amine by the substance, from the readings.
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Fluorescamine Assay For Free Amine Determination
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Chart 5.3-1: Chart of readings to calculate theoretical values of free amines within AGG (Sample
1 and 2).
Note: Due to the closeness in value, sample 1 data point is overlapped by sample 2 data point.

From this, it was calculated that theoretically, the free amine concentration of the
substance was equivalent to a gelatin concentration of 0.245 mg/ml (reading 1) and 0.242 mg/ml
(reading 2), which translates into 93.47% (reading 1) and 93.55% (reading 2) free amines
consumed.
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Reading

Effective Gelatin

% Free Amine

Effective aspirin amount in AGG

Concentration

Consumed

(µg/mg)

(mg/ml)
Reading 1

0.245 mg/ml

93.5%

53.9

Reading 2

0.242 mg/ml

93.6%

53.9

Reading 3

0.244 mg/ml

92.1%

53.1

Reading 4

0.673 mg/ml

82.1%

47.3

1.019 mg/ml

72.8%

42.0

(1:2)
Reading 5
(1:3)

Table 5.3-1: Calculated Theoretical Values for Aspirin present per mg of AGG
For further details of grafting efficiency charts and calculations, please refer to Section 8:
Appendix

5.3.2 FTIR readings
After performing FTIR on the AGG sample, along with gelatin and aspirin samples for
comparison, the following results were observed. The trough values for Aspirin and Gelatin were
also compared to values from other studies to ensure there was no difference between the two.
[23][24]
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Table 5.3-2: Values of respective peaks and valleys for Aspirin obtained from FTIR
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Chart 5.3-2: Chart of peaks and valleys for aspirin obtained from FTIR
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Table 5.3-3: Values of respective peaks and valleys for Gelatin obtained from FTIR

Gelatin FTIR spectra
105

100

D

B

% Transmittance

F
95
C

G

E

H

90

I

J

K

L

85

M
A

80

75
300

500

700

900

1100

1300

Wave Number

1500

1700

1900

(cm-1)

Chart 5.3-3: Chart of peaks and valleys for gelatin obtained from FTIR
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Table 5.3-4: Values of respective peaks and valleys for AGG obtained from FTIR
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Chart 5.3-4: Chart of peaks and valleys for AGG obtained from FTIR
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Chart 5.3-5: Combined Chart of peaks and valleys of the three materials
From comparing the wave numbers of the troughs, we see that there is major overlap
between the troughs of the gelatin graph and that of the AGG graph. This indicates positively that
the product obtained (AGG) primarily consists of gelatin.

5.3.3 Enzymatic Degradation Test
The following graph depicts the fluorescamine values for each time point in the enzymatic
breakdown period.
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Chart 5.3-6: Chart indicating change in fluorescamine value with time
From the graph, what we observe is the initial rise in the fluorescamine reading, indicating
the enzyme breaking down the protein into smaller amino acid chains. However, beyond a certain
point, the breakdown stops around the 3rd to 4th day as seen in the graph. Beyond this, there is a
decrease seen in the fluorescamine indicating a decrease in the amount of free amines.

5.3.4 Gelling Test
From a qualitative standpoint, it was seen that if both 0.5% and 1% solutions of gelatin
and AGG were taken and kept in a 4°C environment, the gelatin was able to form a gel; however,
in all cases, the AGG was not forming a gel and instead remained in a liquid solution.
That being said, it was observed that the AGG solution thickened depending on how much
aspirin had been grafted on the gelatin. In cases where the free amine consumption was >90%,
there was no difference between the viscosity of the AGG solution and pure PBS. However, the
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sample containing free amine consumption of 72%, there was a noticeable change in the viscosity
within the tube.
This can also be treated as conclusive proof of a material chemically grafting onto gelatin,
since its gelling property has been modified.

5.3.5 Cell Testing
The effective concentration of RNS species with and without exposure to LPS was
calculated. This concentration indicated the level of inflammation of the cells. From this, we could
observe the effectiveness of the material in inhibiting this inflammation.
Legend:
C = cell, M = media, A = aspirin, G = gelatin, AG= aspirin-grafted gelatin, LPS = Lipopolysaccharide

RNS concentration (mcg/ml)

RNS concentration (mcg/ml)

50

40

30

Without LPS

20
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0
C+M

C+M+A

C+M+G

C+M+A+G C+M+AG
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(1:2)

C+M+AG
(1:3)

Materials

Chart 5.3-7 Chart indicating avg. RNS concentration with and without exposure to LPS
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Statistical analysis using one-way analysis of variance was carried out, using Dunnett’s
method. Five separate statistical analyses were carried out.
1) The first compared the RNS concentration within a cell sample as a control to those of
cells with added material.
2) The second analysis the RNS concentration of cells affected by LPS as a control. This was
compared to the concentration of cells with added material also affected by LPS.
3) The third analysis compared the RNS concentration between cells affected by gelatin and
LPS to those affected by AGG and LPS.
4) The fourth analysis compared the levels of anti-inflammatory effect of aspirin compared
to AGG. For this, we compared the difference in RNS concentration within the samples
before and after the addition of LPS. We compared the anti-inflammatory effect of cells
treated with aspirin to those treated with AGG.
5) Similar to the fourth analysis, the fifth analysis compared the anti-inflammatory effect of
the cells treated with a mixture of aspirin and gelatin to cells treated with AGG.
The null hypothesis held in each scenario is that there is no significant difference between the
RNS production of the control used within each comparison, indicating equal levels of
inflammation.
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Chart 5.3-8 Chart indicating the comparison of materials with cells as control. Error bars
represent standard deviation from the mean. P values determined through one-way analysis of
variance using Dunnett’s method.
From Chart 5.3-8, the following results are obtained.
1) The difference between RNS concentration of cells+LPS is extremely significant (p<0.001)
compared to that of cells which are untreated. This indicates to us that LPS solution
induces inflammation within the cells.
2) The difference within the RNS concentration of cells compared to cells+aspirin and
cells+aspirin+gelatin and cells+AGG 1:2 is not significant (p>0.05). This indicates that
there is no significant net inflammation from these materials.
3) The difference within the RNS concentration of cells compared to cells+gelatin is also
extremely significantly different (p<0.001), indicating that gelatin also inflame cells.
However, comparison of means of cells+LPS and cells+gelatin, we observe that the
inflammation of gelatin is lesser than that of cells+LPS.
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4) The difference within the RNS concentration of cells compared to cells+AGG (1:1) and
cells+AGG (1:3) is significant (p<0.05), indicating these materials do cause a certain
amount of inflammation.
From points 2, 3 and 4, we observe that AGG is inconclusive on how much inflammation it
causes to cells. However, this inflammation, if present, is minute compared to the inflammation
within cells+gelatin and cells+LPS.
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Chart 5.3-9 Chart indicating the comparison of materials using cells treated with LPS as control.
Error bars represent standard deviation from the mean. P values determined by one-way
analysis of variance using Dunnett’s method.
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From Chart 5.3-9, the following results are obtained.
1) Comparing the values of the means of each group to their equivalent within chart 5.3.8,
we observe a significant difference within the mean RNS values. This indicates that in each
scenario, the LPS has inflamed the cells.
2) In every scenario, the amount of inflammation is extremely significantly different to that
of cells+LPS (p<0.001).
3) The means of cells+LPS+aspirin are very low compared to cells+LPS, indicating that aspirin
shows an anti-inflammatory effect.
4) The means of cells+LPS+AGG (1:1, 1:2, and 1:3) are very low compared to cells+LPS,
indicating that AGG also has an anti-inflammatory effect.
The inflamed test samples were also compared with cells+LPS+Gelatin as a control.
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Chart 5.3-10 Chart indicating the comparison of materials using cells treated with LPS and
gelatin as control. Error bars represent standard deviation from the mean. P values determined
by one-way analysis of variance using Dunnett’s method.
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From the graph, we observe the following:
1) There is an extremely significant difference between the RNS concentrations of
cells+LPS+gelatin and cells+LPS+AGG (1:1, 1:2 and 1:3). This indicates there is a significant
difference in the anti-inflammatory effect of LPS between AGG and gelatin.
2) As the means of AGG are all less than the mean for gelatin, it indicates that AGG has an
anti-inflammatory effect than gelatin.
Finally, AGG was compared to the anti-inflammation controls (Aspirin and Aspirin+Gelatin) to
observe its anti-inflammatory effect in comparison to them.
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Chart 5.3-11 Chart indicating the comparison of AGG with Aspirin as control with regards to antiinflammatory effect. Error bars represent standard deviation from the mean. p>0.05 determined
by one-way analysis of variance using Dunnett’s method.
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The comparison is carried out through observation of the change within the RNS values
before and after the effect of LPS, with aspirin as control. It was calculated that there was no
substantial difference with the anti-inflammatory effect of AGG (1:1), (1:2) and (1:3) compared to
aspirin.
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Chart 5.3-12 Chart indicating the comparison of AGG with aspirin+gelatin mixture as control.
Error bars represent standard deviation from the mean. p>0.05 determined by one-way analysis
of variance using Dunnett’s method.

Similar to the previous comparison, the change within the RNS values before and after the
effect of LPS was observed, with aspirin+gelatin as the control. It was once again calculated that
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there was no substantial difference with the anti-inflammatory effect of AGG (1:1), (1:2) and (1:3)
compared to aspirin.
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6 Conclusions and Future Work
6.1 Conclusions
This work considers the grafting of aspirin onto gelatin, the properties of the resultant
product, and possible formation of scaffolds from it.
First, the work focuses on the formation of product (AGG). Initially, the product was not
successfully made. However due to a false positive, it seemed as if it had been made, and was
initially tested as such. This was halted when more information came to light, and the work was
started from the beginning with corrections made to the process.
After making the product, tests were conducted step by step to ascertain the occurrence
of grafting. The viability of the product in gel scaffold formation was also tested, as was its antiinflammatory capability.
The FTIR spectroscopy was used to try and identify the substances present within the
product. It showed troughs matching gelatin confirming that at least gelatin was definitely present
within the product.
The fluorescamine assay was to check the consumption of free amines within the product.
The results showed that the amount of free amines within the product was significantly different
than regular gelatin. This was assumed to be consumed by aspirin. However, the counterassumption could be made that the product was simply a physical mixture of gelatin and
something else. This counter-assumption was later disproved by the gelling test.
The degradation assay was to observe the rate of degradation of the product in the
presence of trypsin. These results would be used in case the product had issues with antiinflammation due to the large size of the molecule.
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The qualitative gelling tests showed equivalent concentrations of the product and gelatin
gave radically different results at the gelatin gelling temperature. Taken with the other results,
this conclusively proved that the product was gelatin chemically bonded to something else.
Finally, the cell tests showed the product had anti-inflammatory capabilities on par with
comparative amount of aspirin. As aspirin was the only anti-inflammatory substance within the
production of the product, this conclusively proved that aspirin has been successfully chemically
grafted on to gelatin and thus, the aim of this experiment has been met to a great extent.

6.2 Future Work
Within this thesis, the materials used were specific; a specific protein (gelatin) and a specific
hydrophobic material (aspirin). From the work done, it may be possible to redesign the test and
rework the parameters, such that the method can be generalised for other proteins (such as
collagen) or for other materials, particularly in the case of other carboxylic acid containing
molecules. These molecules may be pharmaceutical drugs like other NSAIDs, ofloxins, cillins, etc.
Other biomolecules that may also be attached includes lipids, pigments such as melanin,
antioxidants like citric acid or trolox, etc.
Another area of expansion is to vary the amount of material grafted on to the protein. As
seen from the gelling tests, a decrease in grafting efficiency would lead to better gelling capability.
With further experimentation, it may be possible to observe whether a decrease would
substantially aid in formation of gels at the proper temperatures.
A third possible avenue of exploration is in regards to the biodegradation of the molecule.
Research can be conducted on finding the proper physical, chemical and enzymatic conditions to
biodegrade the compound for release of the drug molecule from the polymer. An example of this
is with the current ongoing research on scaffolds created for controlled drug release using matrix
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metalloproteinase (MMPs) within the body [28]. Within this research, the drugs are connected a
polymer which is broken down by the MMPs to release the drug at the targeted site. Similarly,
one could theoretically control drug delivery using a gelatin scaffold or a gelatinized polymer
scaffold. The MMP, particularly MMP-2 and MMP-9 (also known as gelatinase-A and gelatinase-B
respectively.) would break down the gelatin strand, freeing the drug from the scaffold. The
targeted action of the MMP would likely allow for effective targeted drug release within the area.
This principle could be used in the design of a composite scaffold containing modified gelatin for
drug delivery, combined with a secondary non-degradable polymer to improve its mechanical
capabilities.
Furthermore, this may be possible for localized wound healing as well as for delivery, due
to the natural generation of gelatinase-B during wound repair

[29]

. Using modified gelatin-

composite scaffolds, it is easy for treatment of wounds and growth of cells, whereby the amount
of gelatinized material can be controlled to control the rate of drug action. Simultaneously, the
other polymers of the composite would help with structure of the scaffold.
Finally, an issue with forming thermo-reversible gelatin hydrogel scaffolds is that gelatin
exhibits a phase shift which is the inverse of what is desired within a scaffold; this is why it is often
combined with other polymers such as monomethoxy poly(ethylene glycol)–poly(d,l-lactide) [3]. A
possible idea is to find compounds to graft onto gelatin so it can form gel scaffolds at room
temperature.
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7 Appendix
This section provides details of the data that is used for various calculations and also provides
graphical representation of results for fluorescamine.
The set of tables and graphs below pertain to reading set 3, 4 and 5.

Conc (mg/ml)

Value

3.75

6.57× 103

3

5.88× 103

2.25

4.86× 103

1.5

3.42× 103

0.75

1.19× 103

0

6.15× 101

Sample Reading 3

7.75× 102

Appendix Table 7-1: Readings for fluorescamine assay for AGG (Sample 3)
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Fluorescence Assay for Free Amine Determination
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Appendix Chart 7-1: Chart of readings to calculate theoretical values of free amines within AGG
(Sample 3)
From this, it was calculated that theoretically, it was equivalent to a gelatin concentration
of 0.244 mg/ml, which translates into 92.08% free amines consumed.
It was seen that by varying the amount and concentration of the gelatin when reacting
with the Aspirin-NHS ester, the resultant %free amines reacted was decreased slightly.
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Conc (mg/ml)

Value

3.75

7.00× 103

3

6.26× 103

2.25

5.35× 103

1.5

4.18× 103

0.75

2.62× 103

0

5.70× 101

Reading 4 (1:2)

2.10× 103

Reading 5 (1:3)

2.72× 103

Appendix Table 7-2: Readings for fluorescamine assay for AGG (Sample 1:2 and 1:3)
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Appendix Chart 7-2: Chart of readings to calculate theoretical values of free amines within AGG
(Sample 1:2 and 1:3)
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From this, it was calculated that theoretically, it was equivalent to a gelatin concentration
of 0.673 mg/ml (AGG 1:2) and 1.019 mg/ml (AGG 1:3), which translates into 82.06% free amines
consumed (AGG 1:2) and 72.83% (AGG 1:3).
From these values of free amines consumed, it is possible to calculate the effective amount
of aspirin per mg of AGG through the calculation of:
𝑚𝑔
𝑚𝑙

1 𝑚𝑚𝑜𝑙 𝑔𝑒𝑙𝑎𝑡𝑖𝑛

7.5×10−5 𝑚𝑚𝑜𝑙
𝑔𝑒𝑙𝑎𝑡𝑖𝑛
𝑚𝑙

•

3.75

•

Lysines make up ~4.5% of bovine gelatin.

•

Thus,

4.5 𝑚𝑔 𝑙𝑦𝑠𝑖𝑛𝑒
100𝑚𝑔 𝑔𝑒𝑙𝑎𝑡𝑖𝑛

•

Now,

7.5×10−5 𝑚𝑚𝑜𝑙
𝑔𝑒𝑙𝑎𝑡𝑖𝑛
𝑚𝑙

•

1.2×10−3 𝑚𝑚𝑜𝑙 𝑙𝑦𝑠𝑖𝑛𝑒
𝑚𝑙

•

𝑚𝑚𝑜𝑙 𝑎𝑠𝑝𝑖𝑟𝑖𝑛
𝑚𝑙

𝑔𝑒𝑙𝑎𝑡𝑖𝑛 × 50000 𝑚𝑔 𝑔𝑒𝑙𝑎𝑡𝑖𝑛 =

×

=

×

4.5
𝑚𝑚𝑜𝑙 𝑙𝑦𝑠𝑖𝑛𝑒
146.19
100
𝑚𝑚𝑜𝑙 𝑔𝑒𝑙𝑎𝑡𝑖𝑛
50000

=

=

15.39 𝑚𝑚𝑜𝑙 𝑙𝑦𝑠𝑖𝑛𝑒
1 𝑚𝑚𝑜𝑙 𝑔𝑒𝑙𝑎𝑡𝑖𝑛

7.5×10−5 𝑚𝑚𝑜𝑙
𝑚𝑙

≈

16 𝑚𝑚𝑜𝑙 𝑙𝑦𝑠𝑖𝑛𝑒
1 𝑚𝑚𝑜𝑙 𝑔𝑒𝑙𝑎𝑡𝑖𝑛

16 𝑚𝑚𝑜𝑙 𝑙𝑦𝑠𝑖𝑛𝑒

× 1 𝑚𝑚𝑜𝑙 𝑔𝑒𝑙𝑎𝑡𝑖𝑛 =

(%𝑓𝑟𝑒𝑒 𝑎𝑚𝑖𝑛𝑒𝑠 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑/100) 𝑚𝑚𝑜𝑙 𝑎𝑠𝑝𝑖𝑟𝑖𝑛
𝑚𝑚𝑜𝑙 𝑙𝑦𝑠𝑖𝑛𝑒

180.16 𝑚𝑔 𝑎𝑠𝑝𝑖𝑟𝑖𝑛
𝑚𝑚𝑜𝑙

=

𝑚𝑔 𝑎𝑠𝑝𝑖𝑟𝑖𝑛
𝑚𝑙

=

103 µ𝑔 𝑎𝑠𝑝𝑖𝑟𝑖𝑛
𝑚𝑙

1.2×10−3 𝑚𝑚𝑜𝑙 𝑙𝑦𝑠𝑖𝑛𝑒
𝑚𝑙

=

𝑚𝑚𝑜𝑙 𝑎𝑠𝑝𝑖𝑟𝑖𝑛
𝑚𝑙

1 𝑚𝑙

× 3.75 𝑚𝑔 𝐴𝐺𝐺 =

Appendix Equation 7-1: Amount of Aspirin per mg of AGG

𝑚𝑔 𝑎𝑠𝑝𝑖𝑟𝑖𝑛
𝑚𝑔 𝐴𝐺𝐺
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Reading

% Free Amine

Effective aspirin amount in AGG

Consumed

(µg/mg)

Reading 1

93.5%

53.9

Reading 2

93.6%

53.9

Reading 3

92.1%

53.1

Reading 4

82.1%

47.3

72.8%

42.0

(1:2)
Reading 5
(1:3)

Appendix Table 7-3: Amount of Aspirin per mg of AGG
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