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CHAPTER |
INTRODUCTION

The measurements of albumin and creatinine in the urine are necessary in
clinical diagnosis for kidney disease. The albumin test is typically used in conjunction
with a creatinine test to provide a urinary albumin-to-creatinine ratio (UACR) due to
the constant excretion of creatinine [1]. Moreover, albumin to creatinine ratio has
slightly better diagnostic accuracy than urine albumin concentration alone [2]. The
normal range of UACR is less than 30 mg/g, while the abnormal range is higher than
300 mg/g indicated a clinical albuminuria [3]. Microalbuminuria (defined as urinary
albumin excretion of 30-300 mg/g) is used as a marker of renal damage and diabetic
nephropathy. Furthermore, low levels of UACR are associated with increased risk of
cardiovascular disease [4]. Therefore, it is essential for determining a urinary albumin-
to-creatinine ratio below 30 mg/g to diagnose cardiovascular disease and to prevent

renal failure in diabetes patient.

There are several methods for albumin detection in wurine such as
radioimmunoassay  [5], enzyme-linked immunosorbent assay  (ELISA)  [6],
immunoturbidimetric assay [7], and dipstick tests [8]. However, there are significant
drawbacks of these existing methods. ELISA system is time consuming and tedious
washing steps, leading to its disfavor for routine operation. The immunoassay-based
methods consume large amounts of expensive antibody reagent. A urine test strip is
regularly used for semi-quantitative assay of protein. This test is based on dye binding
using tetrabromophenol blue (TBPB) that is specific for albumin [9, 10]. The color
changes from yellow to blue when TBPB binds with protein [9]. The urine test strip
cannot detect microalbuminuria because the lower limit of detection is 250 mg/L [10],
while the urine microalbumin test strip can detect. However, albumin-to-creatinine
ratio below 30 mg/g is difficult to measure with the urine microalbumin test strip and
the test is not absolutely specific for albumin [11]. The Jaffé reaction is the

conventional standard method that involves a reaction between a creatinine and



alkaline picrate solution. The creatinine procedure is linear from 10 to 3000 mg/L and
the product is a yellow-orange complex. Nevertheless, this method is time-consuming
and often affected by matrix interference [12]. Hence, the high sensitivity and

selectivity determination of albumin and creatinine are required.

At the present, the Layer-by-Layer (LbL) self-assembly deposition is an easy,
efficient, reproducible, robust, flexible, and extremely versatile technique for surface
modification [13]. Polyelectrolytes were deposited on the material’s surface in this
technique, leading to the formation of polyelectrolyte multilayers (PEMs).
Conventionally, the main and most extensively studied driving force of LbL assembly
is the electrostatic interaction [14]. The previous research has reported an application

of protein adsorption on the LbL modified glass [15].

In this work, we modified cellulose acetate membranes with PEMs by using LbL
technique to extract albumin and creatinine onto the modified membranes before
determination process. The determination of albumin used a modified membrane of
which polycations as the outermost layer to filter bovine serum albumin (BSA)
solutions (pH 7). At the pH above the isoelectric point (pl) of BSA (pl = 4.7) [16], the
net charges of the proteins are negative, resulting in the BSA adsorption. We proposed
to reduce matrix interferences from albumin before testing with specific dye binding
reagent, Tetrabromophenol blue (TBPB). TBPB in Triton X-100 solution was used to
detect the amount of adsorbed BSA. In the same fashion, creatinine was converted to
its cationic form by controlling pH to be below the pK, values of creatinine (pK,; =
4.83, pKy, = 9.2) [17]. A modified membrane of which polyanions as the outermost
layer was dipped into creatinine solution and the extracted creatinine was detected

by performing a Jaffé reaction directly on the modified membrane.

1.1 Research objective

1.1.1 To modify a cellulose acetate membrane for albumin and creatinine

extraction



1.1.2 To detect albumin and creatinine by colorimetric method and naked

detection.

1.2 Scope of the research

The surfaces of cellulose acetate membranes (CA membrane) were modified
with polyelectrolytes multilayers (PEMs) to extract albumin and creatinine from matrix.
The strong polycation, strong polyanion and weak polyaion used were poly(diallyl
dimethyl ammonium chloride (PDADMAC), poly(sodium 4-styrenesulfonate) (PSS) and
poly (4-styrene sulfonic acid-co-maleic acid) copolymer (PSSMA), respectively. Quartz
and CA membrane were used as fabricating substrate, the growth of PEMs was
monitored by UV-Vis and ATR-FTIR spectrophotometer. For albumin determination,
BSA solution was filtered through CA membrane modified with 13-layers of
PDADMAC/PSS or PDADMAC/PSSMA multilayers. Next, the desorption and detection
processes were performed by releasing the adsorbed albumin from PEMs layer and
detecting with dye binding reagent (TBPB in triton X-100). The suitable condition of dye
binding reagent was optimized. The albumin detection steps composed of the dipping
method and the dropping method were studied. The dipping method performed by
dipping the modified membrane into dye binding reagent, whereas the dropping
method performed by dropping dye binding reagent into a solution that used to
release BSA from PEMs layer. The color of TBPB-BSA complexes was observed by using

a UV-Vis spectrophotometer.

For creatinine determination, the CA membrane modified with 12-layers of
PDADMAC/PSS was immersed into creatinine standard solution to extract creatinine
from matrix. After that, alkaline picrate solution was dropped onto modified membrane
to react with adsorbed creatinine resulting the orange color of creatinine-picrate
complex. To obtain a suitable condition for creatinine determination, the influence of
picric to creatinine ratio and reaction time were evaluated. The color intensity of
creatinine-picrate complex was obtained from Image J software. Finally, the proposed

method was evaluated and validated.



1.3 Benefits of Research

This research aimed to obtain a selective measurement for albumin and
creatinine in urine with the easy detection method using a simple instrument or naked

eyes.



CHAPTER Il
THEORY AND LITERATURE REVIEW

2.1 Albumin

Bovine serum albumin (BSA) is an example of well-known model protein used
for protein assay. Proteins are polymers of multiple monomer units called amino acids,
which have many different functional groups including alcohols, thiols, thioethers,
carboxylic acids, carboxamides, and a variety of basic groups. There are four levels of
protein structure including primary, secondary, tertiary and quaternary structure. The
amino acid composition is generally unique and specific to each particular protein
called primary structure. The secondary structure is the specific geometric shape (the
alpha helix or the beta sheets) caused by intramolecular and intermolecular hydrogen
bonding of amide groups. A three-dimensional shape of a protein chain is the tertiary
structure. The quaternary structure refers to two or more polypeptide chains, each
with its own primary, secondary, and tertiary structure [18]. The secondary structure of
BSA consists of approximately 54% a-helix and 40% B-structure [19] and contains three
binding domains, which are specific for metal ions, lipids, and nucleotides, respectively
[20].BSA is classified in the soft proteins class, which can easily change their structures
and conformations [21]. Albumin is a protein made by the liver and normally found in
the blood plasma, representing about 50% of the total protein content [22] as shown
in Figure 2.1. Albumin proteins are large and water-soluble. Due to their size, a healthy
kidney does not let albumin pass into the urine while a damaged kidney lets some
albumin pass into the urine. The normal level of protein or albumin in human urine is
lower than 30 mg/day, while clinical albuminuria is greater than 300 meg/day [23].
Moreover, the albumin excretion per day of 30-300 mg, microalbuminuria, is an

important marker of early kidney damage from diabetes [23].



Figure 2.1 Structure of albumin [23].

2.2 Creatinine

Creatinine is a waste product produced by muscles from the breakdown of a
compound called creatine [24]. The people who has the more muscle can produce
the more creatinine. Almost all creatinine is filtered from the blood by the kidneys
and eliminated in urine with constant throughout the day [1]. Normally, the amount
of creatinine excreted between 250 - 2590 mg/L in human urine and 6 — 12 mg/L in

blood [25, 26]. Therefore, creatinine in urine can be an indicator of kidney function.

/
-

Figure 2.2 Structure of creatinine.
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Albumin excretion is most accurately described using 24 hours urine collection,
but it is cumbersome and prone to collection error [27]. To overcome this problem,
albuminuria is evaluate by measuring the urinary albumin-to-creatinine ratio (UACR) in
a spot urine sample [3]. This test is better than a dipstick test for albumin because it
is unaffected by variation in urine concentration [28]. UACR is a ratio between two

measured substances that was calculated using the following equation.

Urine albumin (mg/L)

= UACRiInmg/s =  Albumin excretion in me/day
Urine creatinine (g¢/L)

The normal level of UACR is less than 30 mg/g, while the clinical albuminuria
is greater than 300 meg/g. UACR is between of 30-300 mg/g defined as microalbuminuria.
Moreover, urine albumin to creatinine ratio below 30 mg/g is a predictor of kidney

disease and cardiovascular disease [4].

2.4  Layer by layer (LBL) self assembly technique

The Layer-by-Layer (LbL) technique is an easy, efficient, reproducible, robust,
flexible, and extremely versatile technique for surface modification [13]. This technique
was reported by Decher et al in 1997 for preparation of thin films by alternate
deposition of polyelectrolytes to form polyelectrolyte multilayers (PEMs) [29]. There
are several reported publications incorporating polyelectrolytes since the pioneering
work of Decher and co-workers [30, 31]. The LbL assembly consists of alternating
sequential adsorption of polycations and polyanions on a charged surface, occurring
either via electrostatic or nonelectrostatic interactions. The washing steps are needed
after each adsorption to remove weakly associated polymer chains and to build as
effective and reproducible film [32]. Besides, the deposition cycles are repeated in

order to deposit the desired number of layers, yielding multilayer assemblies.



The LbL buildup of multilayer assemblies normally occurs through a variety of
deposition methods including spin-coating, spray-coating and dip-coating. Among these
ways of preparing multilayers, the dip-coating is the most widely used nowadays
because it is the possibility of coating substrates with more complex geometries [14].
The advantages of the LbL method compose of their ease of processing, less
equipment requirement, low cost benefit as the price of polymer and variety of
materials which can be incorporated into the assembly system. In addition, there are
several versatility of substrates that polyelectrolyte multilayer thin films can be grown
on such as quartz, silicon wafer, glass slide, poly(dimethylsiloxane) (PDMS) and
membrane. Therefore, the LbL self assembly technique was applied to various
potential applications in electrical, optical, biomedical and membrane devices, such

as solar cells, biosensors, drug delivery, membrane separations, etc [33-36].

2.4.1 Polyelectrolytes

Polyelectrolyte are polymers with charged groups within the monomer
repeat units. They can be divided into two types by using their dissociation in polar
solvents. The polyelectrolytes that fully dissociate in water or aqueous solution in
total pH range between 0 and 14 are referred to as strong polyelectrolytes [37]. In
contrast, the weak polyelectrolytes can be partial and strongly dependent on pH [38].
Moreover, polyelectrolytes can be classified as polycation and polyanion by using their
charge. For instance, poly(diallyldimethyl ammonium chloride) (PDADMAC) and
poly(sodium 4-styrenesulfonate) (PSS) are known as strong polycation and polyanion,
respectively. The weak polyanion is poly (4-styrene sulfonic acid-co-maleic acid)

(PSSMA). Polyelectrolytes and their chemical structures are shown in Figure 2.3.
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Figure 2.3 Polyelectrolytes and their chemical structures.

2.4.2 Fabrication

Polyelectrolyte multilayers (PEMs) can be prepared on the surface of a
substrate by alternate deposition of a cationic polyelectrolyte and an anionic
polyelectrolyte as shown in Figure 2.4. The fabrication of PEMs was performed by
dipping a charged substrate into a solution of polyelectrolyte having the opposite
charge as the initial substrate resulting in adsorption of first layer. Next, the substrate
is rinsed by using water or buffer solution to remove excess and weakly adsorbed
polyelectrolyte. After the first adsorption step, the substrate is exposed to a
polyelectrolyte solution having the same charge as the initial substrate resulting in
adsorption of second layer. The rinsing step is performed again and this process can

be repeated several time to get a PEMs with the required thickness.
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Figure 2.4 Schematic of the electrostatic self-assembly of PEMs [39].

2.4.3 Parameters affecting the thickness of polyelectrolyte multilayers

The thickness of polyelectrolyte multilayers (PEMs) depends on the
number of layers and salt concentration [41]. Several previous works have reported
the thickness of PEMs as a function of the number of deposited layers. For the initial
coating layers on the substrate, the thickness is usually thin due to the low charge
density of the surface. For higher number of layers, the deposition process is stable
and the growth rate is quite fast [41, 42]. Moreover, the adding of salt into the
polyelectrolyte solution increases the thickness of PEMs because salt ions can induce
the chain conformation of polyelectrolyte in the solution resulting in the coil-

polyelectrolyte deposition on the substrate surface [43, 44].

2.5 Albumin adsorption

The conformational change of bovine serum albumin (BSA) depending on pH
values induces a change of the electrical charge. At a pH equal to the isoelectric point

of BSA (pl = 4.7), BSA has zero net charge [45]. BSA carries a net positive charge at pH
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below pl, whereas BSA carries a net negative charge at pH above pl. The adsorption
usually occurs because of electrostatic interaction between the surface and the
oppositely charged functional group along the polypeptide chain of the BSA molecules
[20]. At the present, the adsorption of BSA on different surfaces has been investigated
widely [46-48].

2.6 Creatinine extraction

Creatinine is monoprotonated cation at physiological pH due to its pKa of 4.8
and 9.2 [49]. Due to the positive charge on surface, creatinine can be extracted using
ion exchange chromatography. The ion exchange chromatography is a technique used
to separate ionizable molecules based on their total charges. This technique is
classified into 2 types including cation exchange chromatography and anion exchange
chromatography. A cation exchange resin is one of method chosen to extract creatinine
from matrix interferences [50]. The positive charged creatinine can replace the counter
ions of sulfonate acid groups on the resin (e.g. H", Na*) and be adsorbed on the resin
via electrostatic interactions, while negatively charged and neutral molecules are
released. Afterward, creatinine are eluted with a suitable solution. From the cation
exchange chromatography, the predominant driving force for creatinine extraction is

electrostatic interaction.

2.7 Method for albumin and creatinine determination
2.7.1 Albumin determination

There are many different methods have been developed to quantitate
proteins in a given assay for total protein content and for a single protein. The
traditional methods for total protein quantitation comprise of the measurement of UV
absorbance at 280 nm, Bicinchoninic acid (BCA) and Bradford assay [51]. The common

method for individual protein quantitation is enzyme-linked immunosorbent (ELISA)
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assay [52]. However, the immunoassay-based methods consume large amounts of
expensive reagents.

The simplest way to determine albumin is dye binding. The dye binding
method based on the color change of dye as it binds albumin. Among the common
protein found in normal or abnormal urine, albumin gives the most color per gram
protein as it binds to the dye [53]. Several dyes have been used for albumin
determination such as bromocresol green [54], tetrabromophenolphthalein ethyl ester
(TBPE) [55], bromophenol blue (BPB) [56], and tetrabromophenol blue (TBPB) [57].
Most of dyes are low sensitivity. Among them, TBPB as a dye reagent in urine test strip
is interesting. Although, the sensitivities of TBPB was poor (32-46%), the specificities of
TBPB was high (97- 100%) [58, 59].

Tetrabromophenol blue (TBPB) is a traditional reagent strip testing for
protein. In acidic condition, TBPB appears yellow in the absence of protein. A positive
reaction is indicated by a color change from greenish-yellow to green and then to dark-

green. The reaction between TBPB and protein is showed in the following equation.

+

N
TBPB-H + Protein — TBPB + Protein-H

(Yellow, (Blue-green

2.7.2 Creatinine determination

Many methods for creatinine detection have been reported such as
enzymatic method [60, 61], chromatographic method [62, 63] and spectrometric
method [50, 64]. The most common method is spectrophotometry based on the Jaffé
reaction which is one of the optical method [12, 65]. Jaffé reaction is the reaction
between creatinine and alkaline picrate forming orange-red color product [65, 66]. The
mechanism of this reaction is illustrated in Figure 2.5. The product can be measured
by a UV-Visible spectrophotometer at wavelengths in the range from 490 to 520 nm

[62, 65]. Jaffé method is still popular due to its simplicity and low cost [12]. However,
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this method is time-consuming and lack of specificity. Some substance such as uric
acid, ascorbic acid, glucose, ketones and proteins can react with alkaline picrate

resulting the positive error [12, 50, 67].

NH
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NH
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NO,
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OH
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H3C\ /( O2N NO, OH"
N + com— /
NH

NO o

o 2
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Creatinine Picric acid Janovsky complex

Figure 2.5 Reaction scheme of the Jaffé reaction [68].

2.8 Literature reviews

Due to a number of colorimetric methods for albumin determination, several
dyes used to quantify albumin have been reported. Jung et al. [56] described the
method for determination of microalbuminuria using bromophenol blue (BPB) as a dye

reagant. The gel filtration on Sephadex G-50 was used to remove interfering

components before mixing with BPB. The interfering protein, such as Y-globulin and
Tamn-Horsfall protein was minimized by using short reaction time (20 s). The recovery
of albumin added to sample was 98.7 + 2.5% and the limit of detection of this method
was 3 mg/L.

Wei et al. [69] studied the interaction between protein and bromophenol blue
(BPB) in acidic solution by a spectrophotometric method. The main binding force found
in this study was the electrostatic force. Under the acidic condition (pH 3.28) that pH
was lower than the isoelectric point of BSA (pl=4.7), BSA in the protonated form,
positively charged on molecules, could deprotonate BPB. Therefore, the color change
was due to the transformation of dye species of free acidic form into bound basic
form. Moreover, the researchers found that sodium chloride concentration and acidity

of the solution had significant effect on the sensitivity of BPB protein assay.
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Ratanawimarnwong et al. [57] investigated the simple automated simultaneous
injection effective mixing flow analysis (SIEMA) system for the determination of urinary
albumin using tetrabromophenol blue (TBPB) as the binding reagent. TBPB in the
presence of Triton X-100 could be reacted with albumin at pH 3.2 resulting in a blue
ion complex. The absorbance of complex was measured by a UV-Visible
spectrophotometer at a wavelength of 625 nm. The range of linearity of this work was

from 10 - 50 pg/mL with the detection limit of 0.53 pg/mL.

Many methods for the determination of creatinine have been reported.
Mitchell developed a simple method for measuring creatinine by using cation-
exchange resin to separate creatinine from interfering substances [50]. This research
found that the recovery of creatinine was maximum when the adsorption buffer has a
pH of 3.0. The adsorbed creatinine was eluted by using phosphate buffer solution (pH
12.2). After elution, the supernatant was detected by the Jaffé reactiom. The
absorbance of mixture solution was monitored by a UV-Vis spectrophotometer at a

wavelength of 505 nm after 30 minutes of reaction time.

Sittiwong and Unob [64] developed the method for detection of creatinine in
human urine using gold nanoparticles (AuNPs) as colorimetric sensors. A sample
preparation technique was used to eliminate the interfering effects of the urine matrix
by extraction of creatinine on sulfonic acid functionalized silica gel. The decreasing of
sample pH to acidic pH was performed to convert creatinine to its cation species. The
positively charged amino groups on creatinine could react with the negatively charged
citrate capped AuNPs. The range of linearity of this work was from 15 to 40 mg/L with
a detection limit of 13.7 mg/L.

The paper-based assays for determining albumin and creatinine have been
introduced in order to achieve a simple, low cost and portable method. Kaneko et al.
developed a new visual method for albumin determination using Erythrosin B and a
cellulose membrane film as the substrate [71]. Dye-protein solution containing
poly(ethylene glycol) (PEG) was dropped on a membrane film, creating a red ring-
shaped stain of the dye-bound protein. The addition of PEG provided a clear contrast

between the reagent blank and the dye-bound human serum albumin (HSA) particle.
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The studied range of this work was from 0.3 — 0.6 mg/L and the visual detection limit

was 0.5 mg/L HSA.

Martinez et al. [72] presented the simultaneous detection of glucose and
protein using patterned paper-based assay. The appropriate reagents were added to
the test areas. The glucose assay was based on the enzymatic oxidation of iodide to
iodine, while the protein assay was based on the color change of tetrabromophenol
blue (TBPB) as it ionized and bound to proteins. This test strip was dipped in a solution
having glucose and BSA, the fluid filled the entire pattern by capillary force. The
studied range of this method for bovine serum albumin (BSA) was from 25.25 to 498.0
mg/L. This method could be detected protein as low as 49.8 mg/L by naked eyes.

Sittiwong and Unob [73] developed a new paper platform for the colorimetric
detection of creatinine. The filter paper was coated with sulfonic acid, resulting in a
negatively charged surface. The positively charged creatinine in acidic condition was
extracted onto the filter paper via an electrostatic interaction. The absorbed creatinine
was detected through Jaffé reaction by dropping alkaline picrate onto the filter paper,
giving a yellow-orange colored complex. The color change on the paper could be
observed by naked eyes and the color intensity obtained from Image J software was
used for quantitative detection of creatinine. The linear range of this method was
found in the range of 10 — 60 mg/L with the detection limit of 4.2 mg/L. The scheme

of this method was shown in Figure 2.6.

3-propylsulfonic acid
trimethoxysilane

""" Creatinine in AL AL A A
Paper platform acidified sample

li =

Figure 2.6 Paper-based colorimetric method for the determination of creatinine [73].
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From previously several studies, the dye-binding methods were successfully
used for albumin detection in many formats. Tetrabromophenol blue (TBPB) as a
common dye in urine test strip was selected to use in this work due to its high
specificity [58, 59]. Numbers of determining methods of creatinine using Jaffe reaction
were combined sample preparation to eliminate the interfering substances. However,
there is not many reports of the albumin and creatinine determination at low level

using paper-based assay.

In this work, we proposed to determine albumin to creatinine ratio at low level
by modifying membrane with polyelectrolyte multilayers (PEMs) for albumin and
creatinine extraction. The layer-by-layer technique as an easy, efficient, and extremely
versatile technique for surface modification was used to modify the cellulose acetate
membranes, resulting in the specific charged surface. The detection of albumin using
tetrabromophenol blue as a dye binding reagent, while creatinine using Jaffé reaction.

The color change from these reactions could be observed by naked eyes.



CHAPTER IlI
EXPERIMENTAL

3.1 Materials and chemicals
3.1.1 Substrates
1. Cellulose acetate membrane (25 mm and 47 mm diameter and 0.2
um pore size, Vertical Chromatography, Thailand)

2. Quartz slides (50 x 25 mm Electron Microscopy Sciences, Hatfield, PA)

3. Poly(dimethylsiloxane) (PDMS) (30 x10 mm Dow Corning, USA)

Figure 3.1 (A) Quartz slides (B) Poly(dimethylsiloxane) films (C) Cellulose acetate

membrane (25 mm diameter) and (D) Cellulose acetate membrane (47 mm diameter).

3.1.2 Chemicals

Chemicals used in this research are listed in Table 3.1. All chemicals

were analytical reagent grade (AR).



Table 3.1 List of chemical
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Chemicals

Supplier

1. Poly(diallyldimethyl ammonium chloride)
(PDADMAC) medium molecular weight, 20 wt% in
water, average MW ~200,000-350,000

2. Poly(sodium 4-styrenesulfonate) (PSS), average
MW ~70,000

3. Poly(d-styrene sulfonic acid-co-maleic acid,

sodium salt) (PSSMA), average MW ~20,000

4. Bovine serum albumin, M,, 66 kDa
5. Globulins human blood, M,, 155-160 kDa
6. Sodium chloride, A.R. Grade

7. Potassium dihydrogen phosphate, A.R. Grade

8. Di-sodium hydrogen phosphate anhydrous, A.R.

Grade

9. Potassium chloride, A.R. Grade

10. Tri-sodium citrate dihydrate

11. Citric acid anhydrous

12. Hydrogen peroxide 30%, for synthesis
13. Sulfuric acid 95-99%, A.R. Grade

14. QuantiPro BCA assay kit

15. Urine strip test (Microalbumin strip)
16. Creatinine, A.R. Grade

17. Sodium hydroxide, A.R. Grade

Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich
Sigma-Aldrich
Carlo Erba Reagent

Carlo Erba Reagent

Carlo Erba Reagent

Carlo Erba Reagent

Carlo Erba Reagent

Carlo Erba Reagent
Merck
Merck

Sigma-Aldrich

Cybow
Aldrich

Merck
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Chemicals

Supplier

18. Picric acid, AR. Grade Sigma-Aldrich
19. Hydrochloric acid (37%w/w) Merck
20. Urea Sigma-Aldrich
21. Sodium bicarbonate Carlo Erba Reagent
22. Calcium chloride Merck
23. Magnesium sulfate Sigma-Aldrich
24. Sodium sulfate Sigma-Aldrich
25. Ammonium chloride Sigma-Aldrich
26. DI and Mill-Q water -

3.2 Instruments

The instruments used in this study are listed in Table 3.2.

Table 3.2 Apparatus list

Apparatus

Company, model

1. UV-visible spectrophotometer

2. Attenuated Total Reflectance Fourier

Transform Infrared Spectroscopy (ATR-FTIR)

3. pH meter

4. Syringe pump

5. Syringe filter holder

6. Syringe 50 mL

Hewlett Packard 8453

Nicolet 6700

Precisa pH 900
QIS, model NE1000
Millipore

Nipro
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3.3 Solutions preparation
3.3.1 10 mM phosphate buffer solutions at pH 5.5 and 7.0.

The 10 mM phosphate buffer solution at pH 5.5 was prepared by
dissolving approximately 0.030 ¢ of di-sodium hydrogen phosphate anhydrous
(Na,HPO,) and 1.570 g of potassium dihydrogen (KH,PO,) in deionized water (DI water).
The ionic strength was controlled by adding 8.00 + 0.10 ¢ sodium chloride and 0.20 +
0.01 g potassium chloride into this solution. The pH 7.0 phosphate buffer solution was
prepared by dissolving approximately 0.860 and 0.520 ¢ of Na,HPO, and KH,POq,
respectively in DI water. Before the final volume of 1.0 L was adjusted by using DI
water, the pH of solution was adjusted to a desired pH value using either 0.1 M HCl or
0.1 M NaOH. The stock solution was diluted with DI water to achieve the desired final

concentration of phosphate buffer solution.

3.3.2 100 mM hydrochloric-potassium chloride buffer at pH 2 and citric-
citrate buffer solutions at pH 3.0 and 4.0
The 200 mM of hydrochloric and potassium chloride were prepared in
DI water as stock solution. Then, 50 mL of KCl solution was mixed with 10.6 mL of HCl
solution. Before the final volume of 200 mL was adjusted by DI water, the pH of
solution was adjusted to pH 2.0 using either 0.1 M HCl or 0.1 M NaOH.
The 100 mM citric acid and tri-sodium citrate dihydrate were prepared
in DI water as stock solutions. Then, 100 mM citric-citrate buffer solutions at pH 3.0
and 4.0 were prepared by mixing 100 mM citric acid and tri-sodium citrate dehydrate
with different volume ratios (Table 3.3). The buffer solutions were adjusted to pH 3.0

and 4.0 by either 0.1 M HCl or 0.1 M NaOH.
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Table 3.3 Volume of citric acid and tri-sodium citrate dihydrate for preparing buffer

solutions
Volume (mL)
pH 100 mM Tri-sodium
100 mM Citric acid
citrate dihydrate
3.0 82 18
4.0 59 41

3.3.3 Bovine serum albumin stock solution

A 1.00 x 10° mg/L bovine serum albumin (BSA) solution was prepared
by dissolving approximately 0.10XX g of BSA in DI water. The final volume was adjusted
to 100 mL using a volumetric flask. The working BSA solutions were obtained by

diluting the stock solution with phosphate buffer at pH 7.

3.3.4 Dye binding reagent

For optimization of dye binding reagent, a 0.50 mM tetrabromophenol
blue (TBPB) stock solution was prepared in 100 mL of DI water. A 2.0 % (w/v) Triton
X-100 stock solution was prepared by dissolving approximately 2.0XX g of Triton X-100

in 100 mL of DI water.

3.3.5 Creatinine stock solution

A 1.00 x 10* mg/L creatinine standard stock solution was prepared by
dissolving approximately 1.0XX ¢ of creatinine power in 100 mL of DI water. The
working standard solutions in the concentration range of 0 — 100 mg/L were obtained

by diluting creatinine stock solution with 5 mM HCl solution.
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3.3.6 Sodium hydroxide solution

Sodium hydroxide solution (NaOH) was used in the standard Jaffé
method for determining creatinine. A 0.75 M sodium hydroxide solution (NaOH) was

prepared by dissolving approximately 3.00 g of sodium hydroxide in 100 mL of DI water.

3.3.7 Picric acid solution

Picric acid solution was used in creatinine analysis by the standard Jaffé
method. A picric acid stock solution was prepared by dissolving 1.50 g of picric acid in
100 mL of DI water. The saturated stock solution of picric acid was diluted with DI

water to achieve a concentration of 0.04 M picric acid.

3.3.8 Synthetic urine

A synthetic urine solution was prepared in DI water according to the
recipe provided by Brooks and Keevil [74]. The synthetic urine solution compositions
are 2.0 mM citric acid, 25 mM sodium bicarbonate, 170 mM urea, 2.5 mM calcium
chloride, 90 mM sodium chloride, 2.0 mM magnesium sulfate, 10 mM sodium sulfate,
7.0 mM potassium dihydrogen phosphate, 7.0 mM dipotassium hydrogen phosphate,

and 25 mM ammonium chloride.

3.3.9 Polyelectrolyte solutions

100 mM of polyelectrolyte solutions (the stock solution)

Each 100 mM stock polyelectrolyte solution for multilayer thin film
preparation was prepared by dissolving approximately 20.20 ¢ of PDADMAC, 5.15 g of
PSS and 8.60 g of PSSMA in DI water. The final volume of all polyelectrolyte solutions

were adjusted to 250 mL using a volumetric flask.
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10 mM of polyelectrolyte solutions in 1.0 M NaCl solution

The 10 mM polyelectrolyte in 1.0 M NaCl was prepared by pipetting 20
mL of a polyeletrolyte stock solution into a volumetric flask. NaCl (11.68 + 0.01 g) was
added in the solution. Then, the final volume of solution was adjusted to 200 mL using

either DI water or an appropriated buffer solution.

3.4 Fabrication of PEMs

The substrates were coated with polyelectrolyte multilayer thin films by using
the layer-by-layer electrostatic deposition technique. First, substrate was dipped into
a polycationic solution (PDADMAC) for 5 minutes. After the first dipping, the substrate
was rinsed 3 times with DI water or an appropriated buffer solution. After that, the
substrate was dried using a hair dryer. Then, the substrate was dipped into a
polyanionic solution for 5 minutes and was rinsed 3 times with DI water or an
appropriated buffer solution. Hence, the substrate with the first positive layer was
coated with a negative layer of the polyanions as the second layer. This process can
be repeated many times to get the polyelectrolyte multilayers (PEMs) with the
required thickness. For albumin determining, the number of PEMS layers on the
cellulose acetate membrane (47 mm diameter) of both PDADMAC/PSS and
PDADMAC/PSSMA are 13 layers, in which PDADMAC is the outermost layer. For
creatinine determination, the number of PEMS layers on the cellulose acetate
membrane (25 mm in diameter) of PDADMAC/PSS is 12 layers, in which PSS is the

outermost layer.

3.5 Characterization of PEMs thin film
3.5.1 Ultraviolet/Visible spectrophotometer

To study the growth of PDADMAC/PSS or PDADMAC PSSMA film, quartz
slide was selected as another studied material to characterize the signal from PSS or

PSSMA using a UV-Vis spectrophotometer. The absorbance values at 227 nm which is
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the characteristic UV absorption band of the styrene group of PSS or PSSMA was

measured.

3.5.2 Attenuated Total Reflectance Fourier transform Infrared
Spectrometer (ATR-FTIR)

The growth of PEMs on substrate was also monitored using ATR-FTIR.

This method could be identified the functional groups of each polyelectrolyte. Both

modified and non-modified surface were evaluated in triplicate and performed at three

different positions per a substrate. OMNIC PROGRAM was used to measure the peak

areas of each functional group deposited on substrates.

3.6 Albumin determination

The albumin determination composed of four steps including fabrication,
filtration, desorption and detection step. The fabrication step using layer-by-layer
technique was described in section 3.4. Next the filtration step was performed by
putting the PEMs modified membrane into the filter holder and 30 mL of BSA solutions
was filtered through this membrane filter using a syringe pump with flow rate at 1.0

mL/min. Experimental setup for the filtration is shown in Figure 3.2.

Syringe
—

Sample solution

Filter holder {

Filtrate

Modified
€ membrane filter

Figure 3.2 Scheme of protein adsorption on membrane filter process.
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For desorption step, the adsorbed albumin on membrane was desorbed using
desorption solvent. Finally, the amount of BSA was detected by using TBPB in Triton
X-100 as a dye binding reagent. Two methods were developed to detect albumin
including dipping method by dipping the modified membrane into the dye binding
reagent and dropping method by dropping dye binding reagent into a solution having
desorbed BSA. For dipping method, BSA was simultaneously desorbed and detected
by using dye binding reagent. On the other hand, BSA was desorbed before testing
with dye binding reagent in dropping method. The obtained product (TBPB — BSA
complex) can be measured by a UV-Visible spectrophotometer at a wavelength of 625

nm.

3.6.1 Optimization of dye binding reagent

The influence of TBPB concentration was studied to obtain the
optimum concentration of dye binding reagent reacted with albumin. Moreover, the
concentration of Triton X-100 used to solubilize TBPB-BSA complex was also

optimized.

3.6.1.1 Effect of TBPB concentration

The effect of TBPB concentration on the complex intensity was
studied by varying the concentration from 0.01 to 0.10 mM with constant Triton X-100
and BSA concentration. TBPB solutions at different concentrations were prepared by
diluting a 0.50 mM TBPB stock solution with 25 mM pH 3 citric-citrate buffer having
0.20 % (w/v) Triton X-100. Then, 0.120 mL of 1.00 X 10°> mg/L BSA standard solutions
were added to 3.00 mL of dye binding reagent to achieve the BSA concentration at 40
mg/L. The TBPB-BSA complexes were analyzed by measuring the absorbance intensity

using a UV-Visible spectrophotometer at 625 nm.
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3.6.1.2 Effect of Triton X-100 concentration

Triton X-100, a non-ionic surfactant, is often used to increase the
solubility of the TBPB-BSA complex [57]. To study the effect of Triton X-100
concentration on the color intensity of the TBPB-BSA complexes, the amount of BSA
(0 = 100 mg/L) were prepared in 3.00 mL of dye binding reagent by varying the
concentration of Triton X-100 from 0 - 0.40 % (w/v) while keeping 0.03 mM TBPB
constant. The linear relationship between the response and the amount of BSA (0 -

100 mg/L) were measured using a UV-Visible spectrophotometer at 625 nm.

3.6.2 Dipping method

After filtration process, the modified membrane was rinsed 3 times with
DI water or an appropriated buffer solution and dipped in 3.0 mL of dye binding reagent
for 10 minutes. In this study, we proposed that albumin was desorbed from modified
membrane and reacted with dye binding reagent, TBPB. The absorption intensity of
TBPB-BSA complexes was measured with a UV-Visible spectrophotometer at 625 nm.
Due to modified membrane dipping into dye binding reagent, PEMs may be affected
the colorimetric method. TBPB may be deprotonated by the charge of PEMs on
membrane, resulting in the color change without albumin. Therefore, the effect of pH

and concentration of buffer solution was evaluated.

The optimization of pH and buffer concentration on the

color response of dye binding reagent

The pH of buffer solution used to prepare dye binding reagent
was varied using the pH range of 2 — 4 because the reaction between TBPB and BSA
was occurred in acidic condition. The unmodified modified and modified membranes
with PDADMAC/PSS and PDADMAC/PSSMA were dipped into 3.0 mL of dye binding
reagents for 10 minutes. Afterward, the color of dye bind reagent was observed and

monitored by UV-Visible spectrophotometer at 625 nm.
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The concentration of buffer was studied using the concentration
range of 10 — 100 mM citric-citrate at optimum pH. The unmodified modified and
modified membranes with PDADMAC/PSS and PDADMAC/PSSMA were dipped into 3.00
mL of optimized dye binding reagent. After dipping for 10 minutes, each solution was
collected to measure absorbance intensity using a UV-Visible spectrophotometer at

625 nm.

3.6.3 Dropping method

In this method, the BSA was possessed positively charged and desorbed
from PEMs layer before reacted with dye binding reagent. Desorption solvent was pH
3.0 citriccitrate buffer solution [75]. After the filtration process, the modified
membrane was immersed in 2.50 mL of pH 3.0 citric-citrate buffer solution for 10
minutes to elute BSA from PEMs layer. Then, 0.10 mL of dye binding reagent obtained
from the optimization of dye binding reagent in section 3.6.1 was dropped into 2.00

mL of releasing solution to form TBPB — BSA complexes.

3.6.3.1 The optimization of the concentration of citric-citrate buffer

on the desorption process

To improve the efficiency of desorption process, the effect of
citric-citrate buffer concentration for desorbing was evaluated at 10 mM and 25 mM.
After fabrication process in section 3.4, 0.50 mL of 200 mg/L BSA was dropped onto
the modified membrane to achieve 100 pg BSA and left to dry. Then, the desorption
and detection as described earlier was performed. The amount of albumin was
calculated from the calibration curves which BSA were prepared in either 10 mM or 25

MM citric-citrate buffer solutions.
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3.6.4 The effect of urine matrix on albumin adsorption

Synthetic urine was prepared as described in section 3.3.8 to use as
matrix of albumin solution. Sample dilution was used to convert BSA to negatively
charge and decrease the effect of a urine matrix. Both 10 mg/L of BSA solutions were
prepared in DI water and synthetic urine. After that, the BSA solutions were diluted 2,
3, 4-fold with 5 mM phosphate buffer solution at pH 7.0. Then, 30 mL of this solution
was filter through the PDADMAC/PSS membrane. The adsorbed BSA was eluted from
PEMs-layer and detected by dye binding reagent following the dropping method. The
amount of BSA prepared in DI water was analyzed by using a UV-Vis spectrophotometer

and compared to a solution of albumin in synthetic urine.

3.6.5 Quantitative measurement of albumin

The amount of BSA was quantified by using calibration curve. For
dropping method, the BSA standard solutions were prepared in 2.00 mL of pH 3 10
mM citric-citrate buffer in the concentration range 0 — 100 mg/L and mixed with 0.10
mL of 0.90 mM TBPB in 6.0 % (w/v) Triton X-100. A calibration curve of BSA solutions
was plotted between absorbance at 625 nm and concentrations of BSA. Then, the BSA

concentration in dye binding reagent was determined from the calibration curve.

3.6.6 Method performance for albumin determination

The various concentrations of BSA were prepared in synthetic urine.
Then, the solutions were diluted with appropriate dilution factor using pH 7 5 mM
phosphate buffer solution. The PEMs-modified membranes were used to filter 30 mL
of BSA solution. The flow rate was fixed at 1 mL/min. After filtration process, the
adsorbed albumin was detected by using the optimized albumin detection method.

The performance of the proposed method was evaluated under a selected condition.
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3.6.6.1 The relationship between the BSA concentration and the

absorbance intensity

To quantity the amount of BSA in urine sample, the relationship
between BSA concentration and absorbance intensity after the extraction was
investigated. BSA was prepared in synthetic urine with different concentrations and
diluted with suitable dilution factor using 5 mM phosphate buffer solution at pH 7.
Albumin was extracted and detected according to the protocol described previously.
The absorbance of TBPB - BSA complexes at 625 nm were plotted against the
concentration of albumin before filtration. The relationship between the initial BSA
concentration and the absorbance intensity was investigated under the optimal

condition.

3.6.6.2 Limit of detection (LOD) and limit of quantitation (LOQ)

The LOD and LOQ were investigated by testing 10 replicates of
the synthetic urine blank diluted with an appropriate dilution factor using the optimal
condition found in this study. The LOD and LOQ were calculated from the signal of
blank solution using UV-Vis spectrophotometer that is three and ten times the standard

deviation of blank solution signal.

3.6.6.3 Accuracy and precision

The two real sample urines were used to evaluate the method
performance. The 10 and 15 mg/L BSA standard solutions were spiked into urine
samples. Before extraction, both spiked and non-spiked samples were diluted with the
suitable dilution factor using 5 mM phosphate buffer pH 7. After that, BSA was filtered
and detected by dye binding reagent. The amount of extracted BSA was found as
described in section 3.6.5. Furthermore, %recovery and %RSD were evaluated from

this data. %Recovery was calculated by the following formula.
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Cspike_Csample
%Recovery=——""x100

CSTD

Cope  : the concentration of the sample spike with standard solution
Caample : the concentration of the sample without the spike

Csrp : the concentration of the standard solution

3.6.6.4 Repeatability

The repeatability of five runs of our developed method were

tested using urine sample in the same-day precision.

3.7 Creatinine determination

The modified membranes with PSS as the outermost layer were dipped into
creatinine standard solutions for 10 minutes. Then, the modified membrane was rinsed
3 times with de-ionized water (DI water). After creatinine extraction, 0.2 mL of alkaline
picrate solution (1 mL of 0.04 M picric acid: 2 mL of 0.75 M NaOH) was dropped on the
membrane to react with absorbed creatinine giving the orange color of creatinine-
picrate complex. To obtain the value of color intensity, a photo of the modified
membrane was taken using a digital camera under daylight and subjected to Image J
program to measure the color intensity in gray scale mode. The proposed method was

applied for creatinine determination in synthetic urine and human urine samples.

3.7.1 The study of the working range for creatinine determination

To determine the linear working range, the linear relationship between
the creatinine concentration and the color intensity was evaluated in this work.
Creatinine standard solutions of various concentrations were prepared in de-ionized
water. Before extraction, the creatinine standard solutions were diluted with 1 mM HCl

solution. The extraction process was performed by immersing the PDADMAC/ PSS
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membrane into 2.00 mL of creatinine solution for 10 minutes. After that, the modified
membrane was rinsed 3 times with de-ionize water and detected by dropping 0.2 mL
of alkaline picrate solution. The change of color on membrane was observed by taking

a photo and the color intensity was evaluated using Image J software.

The effect of reaction time on creatinine detection

The reaction time between adsorbed creatinine on the membrane and
alkaline picrate solution on color development was studied in the time period of 2 —
10 minutes. The color intensity of creatinine complex on the modified membrane was

evaluated using Image J software.

3.7.2 The determination of creatinine in synthetic urine

The solutions containing creatinine in the concentration range of 0 -
3000 mg/L were prepared in synthetic urine matrix. Before extraction, these solutions
were diluted with 5 mM HCL solution to achieve concentrations within the studied
range (0 - 100 mg/L) and to convert creatinine to its protonated form. The
PDADMAC/PSS membranes were dipped into this creatinine solution for 10 minutes to
extract creatinine. After that, Jaffé reaction was performed to analyze the extracted
creatinine following previously mentioned procedure. The color intensity of creatinine
complex on the modified membrane was monitored using Image J software. The
parameters effecting creatinine extraction and detection including the effect of matrix

and the effect of reaction time were studied.

3.7.2.1 The effect of urine matrix on creatinine extraction

To apply the proposed method in urine sample, the urine matrix
on creatinine extraction was investigated. The modified membranes with

PDADMAC/PSS were dipped into 2.0 mL of creatinine in synthetic urine solution for 10
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minutes. After extraction, the membrane filter was washed with DI water before
reacting with alkaline picrate solution. The color intensity of creatinine complexes
obtained from Image J software were compared between creatinine in DI water and

creatinine in synthetic urine under the same condition.

3.7.2.2 The effect of reaction time

The effect of reaction time between creatinine and alkaline
picrate solution was investigated in the time period of 2 — 15 minutes. The modified
membrane was immerged in 4.00 mL of creatinine in synthetic urine solution. After
extraction process, 0.2 mL of alkaline picrate solution was dropped on the modified
membrane having absorbed creatinine. The color intensity of creatinine complex was

observed at different reaction times.

3.7.3 Method validation

The validation of the proposed method for creatinine determination in
human urine sample was performed. The validation parameters including the working
linear range, the limit of quantitation, accuracy, and precision of proposed method
were evaluated. Moreover, the results obtained from proposed method were

compared with the standard Jaffé method.

3.7.3.1 Calibration curve and linearity

The linear relationship between the color intensity and the
concentration of creatinine were investigated in the concentration range of 0 and 100
me/L under the optimal condition from section 3.7.2. Creatinine was extracted
according to the protocol described in section 3.7.2. The intensity of color was plotted

against the concentration of creatinine.
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3.7.3.2 Limit of detection (LOD) and limit of quantitation (LOQ)

The blank synthetic urine solution without creatinine was
extracted and analyzed by the proposed method in 10 replicates. The results were
calculated from the signal that is three and ten times the standard deviation of blank

solution signal.

3.7.3.3 Accuracy and precision in urine sample analysis

The accuracy of proposed method was evaluated by spiking
creatinine standard solution into urine sample to achieve the spiked concentration of
20 and 40 mg/L in sample solution. After that, creatinine was extracted and detected
according to the protocol described previously. The concentration of creatinine in non-
spiked urine sample and spike urine sample were calculated by comparison with
standard calibration curve. The percent recovery and percent relative standard
deviation that represented the accuracy and precision of the proposed method were

determined.

Moreover, the creatinine concentrations in urine sample
obtained from the proposed method were compared with those from the standard
Jaffé method. To analyze creatinine by standard Jaffé reaction, 1.0 mL of 0.75 M NaOH
solution and 1.0 mL of 0.04 M picric acid solution were mixed into 3.0 mL of creatinine
standard solution or urine sample diluted with HCl solution under stirring at room
temperature for 30 minutes. After that, the absorbance intensity of creatinine complex

was monitored using a UV-Vis spectrophotometer at a wavelength of 505 nm.

3.8 Application to human urine sample for albumin and creatinine

determination

The proposed method was applied to determine albumin and creatinine in
urine sample. For albumin determination, the urine sample was diluted with optimal
dilution factor with pH 7 5 mM phosphate buffer solution before the filtration step.
Then, 30 mL of BSA solution was pumped through the PEMs-modified membrane using
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a syringe pump. The flow rate was fixed at 1.0 mL/min. After filtration, 2.5 mL of pH 3
citric-citrate buffer solution was used to elute BSA from PEMs layer. To detect albumin
adsorbed on the modified membrane, the eluent was mixed with the optimized dye
binding reagent using dropping method. The TBPB-BSA complexes was analyzed using
a UV-Visible spectrophotometer at 625 nm. To calculate the concentration of albumin,
the absorbance intensity obtained from urine sample was compared with the linear
relationship  between BSA concentration and the absorbance intensity.

Moreover %recovery and %RSD were evaluated.

For creatinine determination, the freshly collected urine samples were diluted
30-fold with 5 mM HCLl solution before the extraction process. Then, the modified
membrane with PDADMAC/PSS was immersed into the sample solution. To detect
creatinine adsorbed on the modified membrane, the Jaffé reaction was performed by
dropping 0.2 mL of alkaline picrate solution onto the modified membrane. The color
intensity of the modified membrane was obtained from Image J software after 10
minutes of reaction time. To calculate the concentration of creatinine, the obtained
color intensity were compared with standard calibration curve from section 3.7.3.1.
Moreover, percent recovery and the relative standard deviation of the results were

evaluated.



CHAPTER IV
RESULTS AND DISCUSSION

In this work, both albumin and creatinine were extracted via electrostatic
interactions by using modifying surface of cellulose acetate membrane (CA) with PEMs
and analyzed by employing a UV-Vis spectrophotometer and visual detection. The
membrane surface modified with PDADMAC as the outermost layer was used for
albumin extraction, whereas the modified membrane with PSS was used for creatinine
extraction. In detection process, tetrabromophenol blue (TBPB) in Triton-X was used
as a dye binding reagent to detect the amount of albumin and the Jaffé method was
used to detect creatinine. Finally, the analytical performance of PEMs modified

membranes on the detection of albumin and creatinine was evaluated and validated.

4.1 Characterization of PEMs thin film

The fabrication of PEMs on CA membrane was characterized using ATR-FTIR.
Another studied material used to investigate the PEMs fabrication was a quartz slide
because it is easy to follow the growth of layer by layer film and easy to fabricate
PEMs on membrane resulting in the shorten process. The multilayer build-up on quartz

slide was monitored using UV-Vis spectrophotometer.

4.1.1 The fabrication of PEMs on a quartz slide

From UV-Vis spectrophotometry, the spectra are shown only for PEMs
with the even layers having PSS or PSSMA as the outermost layers, while PDADMAC
showed no absorption band in this region. The fabricating pH of weak polyelectrolyte,
PSSMA, was fixed at 5.5 because this pH is higher than the pKa; of PSSMA (pKa;= 2.7

pKay,= 8.3) [76]. Therefore, the charges of PSSMA are negative. The absorbance
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spectrum of the styrene group of PSS and PSSMA is approximately 227 nm [77]. The
results show that with the increase in the number of deposition layers, the absorbance
peaks at 227 nm of PSS and PSSMA also increase as shown in Figure 4.1 and 4.2,
respectively. Furthermore, the first eight layers of PDADMAC/PSS and PDADMAC/PSSMA
films shows the absorption spectra slowly increased, and then the absorbance

dramatically increased. It indicates the assembly of both PEMs types on quartz slide.
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Figure 4.1 The multilayer thin film growth of PDADMAC/PSS on a quartz substrate.
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Figure 4.2 The multilayer thin film growth of PDADMAC/PSSMA on a quartz substrate.
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4.1.2 The fabrication of PEMs on CA membrane

To confirm the growth of PEMs on CA membrane, the unmodified CA
membrane and the modified membrane with PDADMAC/PSS or PDADMAC/PSSMA were
investigated using ATR-FTIR. Figure 4.3 shows the ATR-FTIR spectrum of unmodified CA
membrane. The C-H stretching vibrations for methylene groups occur between 2,800
and 3,000 cm™ and symmetric and antisymmetric bending of methylene groups occur
at 1,370 cm™® and 1,435 cm™. A strong stretching peak at 1,746 cmtis attributed to the
vibration of carbonyl in acetyl groups on the CA chain. The band at 1,234 cm™ and
1,049 cm™ are characteristic of asymmetric stretching of a carboxylate group and

asymmetric C-O-C bond stretching from the pyranose ring [78], respectively.
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Figure 4.3 ATR-FTIR spectra of unmodified CA membranes.

The PDADMAC/PSS and PDADMAC/PSSMA  multilayer thin  films
fabricated on CA membranes were characterized by ATR-FTIR. However, the spectrums

of PSS and PSSMA cannot be investigated by ATR-FTIR due to the overlay of the
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spectrum band at ~ 1000 - 1100 cm™ between CA membrane and PSS [62]. Therefore,
ATR-FTIR could be monitored only PDADMAC as the outermost layer. The presence of
PDADMAC as the outermost layers (13 layers) on CA membrane as shown in Figure 4.4
and 4.5 is clearly demonstrated by the following characteristic peaks: the stretching of
C-N group at ~1125 cm™, the stretching of NR, at ~1640 cm™ and the broad peaks of
O-H and N-H appeared at the position of ~3300 cm™. Moreover, the peak height of C-
N and NR; increased with the number of the coating layers. From the results obtained,

it can be indicated the growth of PEMs on the membrane surface.
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Figure 4.4 ATR-FTIR spectra of modified CA membranes with PDADMAC/PSS.
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Figure 4.5 ATR-FTIR spectra of modified CA membranes with PDADMAC/PSSMA.

4.2 Albumin determination

The bovine serum albumin (BSA) solutions at pH above the isoelectric point
(pl) of BSA (pl = 4.7) was filtered through the PDADMAC modified membrane possessing
the positive charged surface resulting in the adsorption of BSA on the modified
membrane via electrostatic interaction. After filtration process, the adsorbed BSA was
released and detected by using TBPB dye binding reagent. There are two detection
methods investigated in this study. First, the dipping method, the modified membranes
were immersed into TBPB solution after filtration process directly. In this method the
adsorbed BSA will be eluted and reacted with TBPB in one step. The second method
is that the adsorbed BSA will be eluted first with acidic buffer solution and detected
using TBPB afterward. The absorbance intensity of TBPB-BSA complex was measured
by using a UV-Visible spectrophotometer at 625 nm. Moreover, the color of product

can be observed by naked eyes.
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4.2.1 Optimization of dye binding reagent on albumin detection

To obtain the suitable condition for dye binding reagent, the influence

of TBPB concentration and triton X-100 concentration were investigated.

4.2.1.1 Effect of TBPB concentration

The TBPB concentration was varied from 0.01 — 0.10 mM while
keeping 0.2 % (w/v) Triton X-100 and 40 mg/L BSA constant. From Figure 4.6, the result
indicated that the absorbance intensity of TBPB — BSA complex increased with the
TBPB concentration, but the response at a higher concentration slightly increased. It
may be because the reaction between TBPB and BSA reach to equilibrium. At the 0.03
mM TBPB, the color was clearly observed by the naked eyes and it is enough to react

with BSA. Therefore, the concentration at 0.03 mM TBPB was chosen in this work.
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Figure 4.6 The relationship between absorbance intensity of TBPB - BSA complex

at 625 nm and TBPB concentration.

4.2.1.2 Effect of Triton X-100 concentration

Because Triton X-100 is a typical nonionic surfactant that is used

to dissolve the TBPB-BSA complexes, the suitable concentration had to be studied.
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The Triton X-100 concentration ranging from 0 — 0.40 % (w/v) was mixed into the BSA

concentration range of 0 — 100 mg/L.

The solubility of the TBPB-BSA complexes was assessed in the
term of linearity of calibration curves (R?). The results showed that the calibration curve
of a system with no Triton X-100 (0 % (w/v) Triton X-100) delivered a poorest linearity
because TBPB-BSA complexes were insoluble. With increasing Triton X-100
concentration from 0.10 - 0.40 % (w/v) in the system, linearity of calibration curves
(R?) also increases as shown in Table 4.1. Therefore, the increasing concentration of
Triton X-100 can enhance the complex solubility. However, the sensitivity of this study
obtained from slope of calibration curve was found to be smaller with increasing Triton
X-100 concentrations. It may be because a higher Triton X-100 concentration can
interfere with the ability of dye to bind to the albumin. To obtain linearity of calibration
curves and high sensitivity, the concentration of 0.20 % (w/v) Triton X-100 was used in

this work.

Table 4.1 Effects of concentration of Triton X-100 on the albumin detection.

Concentration Absorbance

of Triton X-  at 625 nm?  Sensitivity® R?

100 (% w/v) (AU)
0.00 0.4436 0.0065 0.9659
0.10 0.3587 0.0056 0.9790
0.20 0.2987 0.0050 0.9865
0.30 0.2605 0.0043 0.9898
0.40 0.2345 0.0039 0.9925

a. The absorbance intensity measured at 40 mg/L BSA.
b. The slope of the calibration curve in the range of 0-100 mg/L BSA.
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4.2.2 Dipping method

The adsorbed BSA from the filtration process was simultaneously
desorbed and detected by dipping the modified membrane into 3 mL of dye binding
reagent. Normally, the color of TBPB in acidic environment without protein appears to
be yellow but in the presence of albumin, the TBPB will turn to blue-green. The
obtained color of TBPB-BSA complexes was monitored by using UV-Vis
spectrophotometer. According to the dipping of modified membrane into dye binding
reagent, the polyelectrolyte may affect the color of dye binding reagent. The dye
binding reagent may be deprotonated by the charge of polyelectrolyte. The effect of

pH and concentration of buffer solution was investigated in this study.

4.2.2.1 The optimization of pH and concentration of buffer solution

on the color response of dye binding reagent

The reaction between TBPB and BSA occurred in acidic
environment, which the color of TBPB without BSA appears yellow. Therefore, the pH
of buffer solution of dye binding reagent is crucial. The pH of buffer solution was
optimized by dipping the unmodified membrane (bare membrane) and modified
membranes with PDADMAC/PSS and PDADMAC/PSSMA into 3.00 mL of dye binding
reagents prepared in 25 mM buffer having pH varying from 2 to 4.
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Figure 4.7 The absorbance intensity and color observed of dye binding reagent having

different pH after membrane dippins.

This study proposed to obtain the optimum pH that gave the
lowest absorbance signal at 625 nm and the yellow color of dye solution without the
presence of BSA. The results in Figure 4.7 showed that at pH 2 HCI-KCl buffer, the
absorbance signals of the modified membranes with PDADMAC/PSS and
PDADMAC/PSSMA are higher than the unmodified membrane due to the low capacity
of hydrochloric acid-potassium chloride buffer. At pH 3 citric-citrate buffer, the colors
of dye solution of the modified membranes with PDADMAC/PSS and PDADMAC/PSSMA
appear yellow as same as the bare membrane. At pH 4 citric-citrate buffer for all cases,
the absorbance signals are higher than pH 2 and 3 and the color of dye solutions
appears green without the presence of albumin due to the proton dissociation of TBPB.

Therefore, pH 3 was selected as the suitable pH for TBPB-BSA reaction.
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Figure 4.8 The absorbance intensity and observed color of dye binding reagent having

different buffer concentrations after membrane dipping.

Based on the previous result, the concentration of pH 3 citric-
citrate buffer was optimized. The results showed that at 10 mM citric-citrate buffer,
the absorbance signal of the unmodified and modified membrane were higher than
other concentrations, especially PDADMAC/PSSMA. It may be because TBPB is
deprotonated by PDADMAC/PSSMA. The increasing of citric-citrate buffer concentration
from 25 - 100 mM gcave the lower absorbance signals and yellow color of dye
solutions. Therefore, a concentration of 25 mM citric-citrate buffer was selected to

control the lowest absorbance of modified membrane with PDADMAC/PSSMA.

However, the dipping method using the optimum composition
of dye binding reagent, 0.03 mM TBPB, 0.20 % (w/v) Triton X-100 and 25 mM citric-
citrate pH 3, has delivered the poor reproducibility with %RSD of 14.8, which is not
accepted for AOAC (%RSD < 11). This might be the result of the reabsorbing the BSA-

complex back on the surface.
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4.2.3 Dropping method

As described earlier that the second detection method was composed
of two steps: eluting BSA from PEMs and testing with dye binding reagent. The pH 3
citric-citrate buffer solution was selected as a desorption agent. At this pH which is
lower than the pl of the BSA (pl = 4.7), the BSA possessed positively charged. Thus,
BSA will be desorbed from PEMs layer by electrostatic repulsion between positively
charged BSA and PDADMAC film. The dye binding reagent, 0.90 mM TBPB in 6.0 % (w/V)
Triton X-100 calculated from the optimized composition of dye binding reagent in
section 4.2.1 was prepared in pH 3 citric-citrate buffer solution. To achieve the higher
capability for BSA desorption, the concentration of pH 3 citric-citrate buffer solution

was optimized.

4.2.3.1 The optimization of the concentration of citric-citrate buffer

on the desorption process

The effect of 10 and 25 mM pH 3 citric-citrate buffer solution on
desorption process was studied. The results show that the amount of BSA released
from PEMs layer by using 10 and 25 mM pH 3 citric-citrate buffer were 62.98 + 3.01
and 40.54 + 1.44 pg, respectively. The concentration of citric-citrate buffer at 10 mM
showed higher capability for BSA elution comparing to 25 mM. This might be due to
the lower competition between ions. Therefore, the 10 mM citric-citrate buffer solution

was chosen as a suitable desorption solvent.

4.2.4 The effect of urine matrix on albumin adsorption

The urine matrix may interfere the albumin adsorption in the filtration
process. Synthetic urine was used as matrix of albumin solution because its
composition closes to human urine. The 10 mg/L of BSA solution was prepared in

either DI water or synthetic urine. Then, the solutions were diluted with different
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dilution factor (2 to 4-fold) using pH 7 5 mM phosphate buffer to covert BSA into
negative charge. The amount of BSA was evaluated and compared between BSA in DI

water and BSA in synthetic urine.
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Figure 4.9 The different absorbance intensity between BSA in DI water and BSA in

synthetic urine and observed color with different dilution factor.

The different between the amount of BSA in DI water and in synthetic
urine after extraction was found to be larger for the BSA solutions with 2 and 3-fold
dilution (Figure 4.9) comparing to the solutions with 4 times dilution. Moreover, from
based on the color chart of solution, the amount of BSA in DI water was greater than
BSA in synthetic urine. This might be because the higher interfering substances such as
NaCl and urea in urine can interfere the adsorption of BSA on modified membrane.

Therefore, a 4-fold dilution of synthetic urine was used in this work.
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4.2.5 Quantitative measurement of albumin

The quantitation of albumin in the dipping method was not studied
herein due to the poor reproducibility. For the dropping method, the calibration curve
for BSA quantitation was construction by preparing the BSA standard solutions in 10
mM pH 3 citric-citrate buffer (desorption solvent). As shown in Figure 4.10, the
absorbance of TBPB — BSA complexes at 625 nm (Ags) were potted versus the
concentration of BSA. The graph is illustrated a good linear relationship in the range of
0 - 100 mg/L with the linear regression equation of y = 0.0061X + 0.0624 and
correlation (R? value) of 0.9928. Moreover, a change in TBPB — BSA solution could also
observed by naked eyes, as shown below. Therefore, this calibration curve was used

for quantitation of albumin.
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Figure 4.10 The calibration curve and color chart for albumin determination in

dropping method.

In this work, BSA prepared in synthetic urine ranged from 10 — 30 mg/L
was diluted 4-fold with 5 mM phosphate buffer pH 7.0. BSA was extracted onto the

modified membrane by filtering and detected with dye binding reagent. After
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detection, the amount of BSA was calculated from the calibration curve as mention
above. The results in Table 4.2 showed the amount of BSA after extraction process is
slightly increased and the observed color of TBPB-BSA solution is clear, indicating the

interfering substance may be reduced.

Table 4.2 The amount of BSA in synthetic urine determined by our method.

Amount of BSA Amount of BSA Observed color
before extraction after extraction by the by naked eyes
(mg/L) proposed method (mg/L)

2.50 9.56 + 0.05 Ll

3.75 15.41 + 0.72 -

5.00 23.15 = 0.48 -

6.25 30.54 + 0.41

7.50 36.13 + 1.32 ™

Furthermore, BSA solutions that were not extracted by the proposed
method was investigated. The BSA solutions were prepared in synthetic urine in the
concentration range of 10 — 30 mg/L, and then the pH of solution was adjusted to pH
3 using 1.0 M HCl solution. After that, 2.0 mL of the solution was mixed with 0.1 mL of
dye binding reagent. The results were found that the observed color of TBPB — BSA
solution without extraction process could not be detected due to the effect of urine
matrix as illustrated in Table 4.3. The amount of of BSA without extraction was
compared with BSA after extraction by the proposed method. The results confirmed

that our developed method could be extracted BSA from urine matrix.
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Table 4.3 The amount of BSA in synthetic urine determined by dropping method

without the extraction process.

Amount of initial BSA Amount of BSA without Observed color
in synthetic urine extraction by the by naked eyes
(mg/L) proposed method (mg/L)

10 8.09 = 0.59 P

15 8.35 + 0.46 bl

20 10.28 + 0.79 |

25 10.95 + 0.39 b

30 14.09 + 0.68 B

4.3 Method performance for albumin determination

In this section, the proposed method was validate. The 10 — 30 mg/L BSA
standard solutions were prepared in synthetic urine and diluted 4-fold with 5 mM
phosphate buffer pH 7. The 30 mL of diluted sample was filtered using the
PDADMAC/PSS modified membrane with the constant flow rate (1 mlL/min). The
modified membrane filter was immersed in 2.5 mL of 10 mM pH 3 citric-citrate buffer
solution for 10 minutes. This solution was mixed with 0.1 mL of 0.9 mM TBPB in 6.0 %
(w/v) Triton X-100 and measured the absorbance of TBPB-BSA complexes by using a
UV-Visible spectrophotometer at a wavelength of 625 nm. The relationship between
the BSA concentration and the absorbance intensity, accuracy and precision were

evaluated for the method performance.

4.3.1 The relationship between the BSA concentration and the

absorbance intensity

To calculate the amount of BSA in human urine, the relationship

between the BSA concentration and the absorbance intensity was studied at the
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concentration in the range of 2.5 — 7.5 mg/L under the optimal condition. The working
linear range of proposed method was performed by plotting between the absorbance
of TBPB — BSA complexes at 625 nm (Ag,s) after extraction versus the concentration of
BSA before extraction.

From the results, the graph in Figure 4.11 illustrated a good linear
relationship in the range of 2.5 - 7.5 mg/L with the linear regression equation of y =
0.0327X + 0.0404 and correlation (R? value) of 0.9965. Moreover, the color of TBPB —
BSA solution could be observed by naked eyes, as shown below. The presence of
albumin in urine could change the color from yellow to green. However, it’s difficult
to distinguish the color of TBPB — BSA solution between the concentration 5.00 and

6.25 mg/L by naked eyes.

0.35
0.3 y = 0.0327x + 0.0404
A
£ R? = 0.9965
£ 025
S
e 02 b
]
g ;
B 0.15
5 i
2 o1
<
0.05
0
0 1 2 3 4 5 6 7 8
BSA concentration (ppm)

2.50 375 5.00 6.25 7.50 ppm

Figure 4.11 The linear relationship between the BSA concentration and the absorbance
intensity after extraction and color chart for albumin determination (BSA solution were

d-fold diluted).
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4.3.2 Limit of detection (LOD) and limit of quantitation (LOQ)

The LOD and LOQ were studied by filtering the diluted 4-fold synthetic
urine without the albumin in 10 replicates. The LOD and LOQ values of proposed
method obtained from a UV-Vis spectrophotometer were found to be 0.47 and 0.68

me/L, respectively.

4.3.3 Accuracy and precision

The spike method was used to examine the accuracy of the propose
method. Fresh urine samples were collected and diluted 4-fold with 5 mM phosphate
buffer solution at pH 7. Then, the standard solution with a concentration of 2.50 and
3.75 mg/L was spiked into the urine sample. Then, the albumin determination was
performed following the dropping method. The accuracy and precision was assessed
in the terms of %recovery and %RSD, respectively.

The recovery of albumin from spiked sample was found in the range of
81.2 - 106.9%. The relative standard deviation (%RSD) from the proposed method
were obtained in the range of 0.81 — 3.2%. The %RSD and %recovery are accepted for
Association of Official Chemists, AOAC (%RSD < 11 and %recovery 80-110), respectively

as shown in Table 4.4,
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Table 4.4 The recovery of albumin in urine sample, as determined by the proposed

colorimetric method (N = 3).

Amount Proposed method Naked
Paper
Sample* added Found Recovery RSD l eyes
color
(mg/L) (mg/L) (%) (%) detection
0 2.35 + 0.07 - - - 2.50-3.75
Urine 1 2.50 467 +£0.04 | 929 £ 0.8 0.8 - 5.00
106.9 +
3.75 6.36 = 0.20 3.2 - 6.25-7.50
3.2
0 1.69 + 0.03 S - - 2.50
Urine 2 2.50 372+£006|812+1.6 1.6 - 3.75
103.4 +
3.75 6.30 + 0.07 1.0 - 6.25-7.50
1.0

*Samples were 4-fold diluted

The amount of BSA evaluated by naked eyes was in agreement with the

amount of BSA determined by a UV-Vis spectrophotometer. However, it’s difficult to

distinguish the color of TBPB — BSA solution between the concentration 3.75 and 5.00

mg/L by naked eyes.

4.3.4 Repeatability

The repeatability and %RSD study of our developed method were

investigated (n = 5). The results found good repeatability from our developed method

with %RSD of 1.86%, which is accepted for AOAC as illustrated in Table 4.5.
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Table 4.5 The repeatability of our developed method.

Amount of BSA detected
Number of PDADMAC/PSS
umber o “ by our developed method
modified membrane filter
(mg/L)
1 6.65
2 6.85
3 6.96
q 6.76
5 6.93
Average amount of BSA 6.83 +0.13
detected by our developed (9%RSD = 1.86%)
method (mg/L)

4.4 Creatinine determination

This work presents a method to extract and determine creatinine in sample
solution using the modified membrane filter. The CA membrane (25 mm in diameter)
was modified with PDADMAC/PSS, on which PSS is the outermost layer. Before
extraction by the membrane, creatinine solution was diluted with HCl solution to
convert creatinine to its protonated form [73]. Consequently, creatinine can be
extracted onto the membrane via electrostatic interaction between negatively charged
PSS and positively charged creatinine. After creatinine extraction, Jaffé reaction was
performed to determine the amount of creatinine by dropping 0.2 mL of alkaline
picrate solution onto the membrane. The presence of creatinine resulted in a change
of the membrane filter color from yellow to dark yellow or brown that could be
observed by naked eyes. To quantify the content of creatinine, a photo of the

membrane filter was taken and subjected to Image J software to measure the color
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intensity in gray scale mode. Moreover, this method was applied for creatinine

detection in human urine sample.

4.4.1 The determination of creatinine in standard solution

This study was performed to find the linear relationship between the
creatinine concentration and the color intensity in gray scale mode or mean gray values
observed by the Image-J software. When creatinine concentration increased, the color
on the membrane changed from yellow to dark yellow and brown and the color
intensity in gray scale deceased. The color change of membranes related to creatinine
concentrations was clearly observed by naked eyes as shown in Figure 4.12. The linear
relationship was obtained in the concentration range from 0 - 100 mg/L due to the

limit of the membrane capacity.

120
s y =-0.1445x + 118.67
115 RZ = 0.983
vg "‘,.
£ 110
£ ..
i) .
S .
105 S
100
0 20 a0 60 80 100 120
Concentration of creatinine (mg/L)

I{/'
L
0 20 40 60 80 100 mg/|

Figure 4.12 The color intensity and chart of membrane color observed in the detection

L

of creatinine in standard solutions (reaction time = 5 minutes).
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The effect of reaction time on creatinine detection

After solutions containing creatinine in the concentration range of 0 —
100 mg/L were extracted by the modified membranes, the content of creatinine on
the membrane was detected with standard Jaffé reaction. The effect of reaction time
in the time period of 2 — 10 minutes was evaluated by observing the membrane color.
The results in Figure 4.13 show that the color intensity in gray scale slightly deceased
when reaction time increased. The fully color development on modified membrane
could be observed within 5 minutes at room temperature. A longer reaction time did
not yield significant color change or improve the sensitivity of the detection, indicating
that the reaction between creatinine and alkaline picrate was completed. To achieve

short analysis time, the reaction time of 5 minutes was selected.

120 2 minutes
A 5 minutes
115 = 7 minutes
- = 10 minutes
.B‘ g T
% 110 -
+ T 1
£ =
— : ]
o 105 &
Q L
U T
100
95
0 20 iy} 60 80 100 120
Concentration of creatinine (mg/L)

Figure 4.13 The effect of reaction time on the color intensity of creatinine complex
on membrane after extraction of creatinine in standard solution in the concentration

range of 0 — 100 mg/L.
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4.4.2 The determination of creatinine in synthetic urine
4.4.2.1 The effect of urine matrix on creatinine extraction

To evaluate the applicability of the method in the detection of
creatinine in human urine sample, the method was first applied to determine
creatinine in synthetic urine. The synthetic urine has the same composition as human
urine such as urea, NaCl, and Na,SO,. The working linear range (0 — 100 mg/L) obtained
from the determination of creatinine in standard solutions was adopted. In creatinine
standard solutions, 1 mM HCl solution was used to convert creatinine to its cationic
form. However, due to a high ionic strength of synthetic urine and the presence of
different compounds, a higher concentration of HCl was required to maintain the acidic
condition for creatinine extraction. In this work, we proposed to study creatinine in the
concentration range of 0 — 3000 mg/L which is the normal level of creatinine in human
urine sample. The linear range obtained from section 4.4.1 was found in a range form
0 - 100 mg/L. Thus, the creatinine in synthetic urine solutions was diluted 30-fold with
5 mM HCl to minimize the effect of matrix and achieve the linear range of creatinine

determination.

In  extraction process, the membrane modified with
PDADMAC/PSS was submerged in 2.00 mL synthetic urine solution for 10 minutes.
Then, the amount of extracted creatinine was detected by dropping 0.20 mL of alkaline
picrate solution onto the modified membrane. The recorded photos were analyzed
with Image J program. The results of the detection of creatinine in DI water and in

synthetic urine are compared as shown in Figure 4.14.
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Figure 4.14 The color intensity and chart of membrane color observed in the detection

of creatinine in DI water and in synthetic urine (reaction time = 10 minutes).

Under the same analytical condition, the observe color on
membranes after the detection of creatinine in synthetic urine was less intense than
those used in DI water, indicating the lower extent of creatinine extracted on
membranes. It is probably because some cationic species in urine matrix competed
with creatinine in the extraction on membrane resulting in a lower content of extracted
creatinine. Despite of sample dilution, the urine matrix exhibited interfering effect on
the detection. Therefore, the calibration curve for creatinine determination will be

constructed by using matrix matched standards.

Furthermore, to enhance a color change and hence, improve
the method sensitivity, the volume of creatinine solution was increased from 2.00 mL

to 4.00 mL. The effect of reaction time was once again investigated.
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4.4.2.2 The effect of reaction time

The creatinine standard solutions were prepared in synthetic
urine and diluted 30-fold with 5 mM HCl to achieve the concentration range 0 — 100
me/L. The modified membranes with PDADMAC/PSS were dipped in 4.00 mL of
prepared creatinine solutions for 10 minutes. After extraction process, the detection
of creatinine was performed by using Jaffé reaction. The color development was

monitored in the time period ranging from 2 — 15 minutes as shown in Figure 4.15.

The obtained results show that the color intensity at high
concentration of creatinine was significantly lower when reaction time of longer than
5 minutes was applied. It indicated that the creatinine complex could be formed in
higher extent. A reaction time greater than 10 minutes did not yield a significant change
in the color intensity implying that the reaction between creatinine and alkaline picrate
was completed. To reduce the analysis time, the reaction time of 10 minutes was

selected for further study.

125 e 2 minutes
= 5 minutes
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120 - F 10 minutes
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Figure 4.15 The color intensity of creatinine complex on membrane after extraction
of 4.00 mL of creatinine in synthetic urine with various time (2-15 minutes); the

concentration of creatinine standard solution in the range of 0 — 100 mg/L.
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4.5 Method validation for creatinine determination

The proposed method was validated under the optimum condition described
as followed. 4.00 mL of sample or standard creatinine solution was extracted by using
PDADMAC/PSS membrane filter for 10 minutes and detected with 0.20 mL of 0.04 M
alkaline picrate solution for 10 minutes. The intensity of membrane color was
collected by taking a photo of the membrane and subjected the photo to Image J
software. The linear range, the limit of quantitation, accuracy, and precision of the
proposed method were evaluated. The method was applied to urine sample analysis

and compared with the standard Jaffé method.

4.5.1 Calibration curve and linearity

Under the optimum conditions, the linear relationship between the
color intensity and concentration of creatinine was obtained in the concentration
ranging from 0 — 100 mg/L as shown in Figure 4.16. From the naked eyes detection,
the color of membranes changed from yellow to dark yellow and brown when the

concentration of creatinine solution increased.

125
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Figure 4.16 The calibration curve for creatinine determination.

0
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4.5.2 Limit of quantitation (LOD) and limit of quantitation (LOQ)

The LOD and LOQ were determined by immerging the PDADMAC/PSS
membrane into 4.00 mL of blank synthetic urine without creatinine. The extraction and
detection procedure were performed in 10 replicates. The LOD and LOQ values of
proposed method obtained from Image J were found to be 3.53 and 22.47 mg/L,

respectively.

4.5.3 Accuracy and precision in urine sample analysis

The spiked method was used in this study to evaluate the accuracy of
the method. The creatinine standard solution was added into diluted urine samples
to obtain a concentration of 20 or 40 mg/L. The accuracy and precision of the method
was reported in term of percent recovery and %RSD, respectively.

Freshly collected urine samples were diluted 30-fold with 5 mM HCl
solution. The amount of creatinine was determined with the proposed method and
compared with the standard Jaffé method as shown in Table 4.6. The recovery of
creatinine from spiked sample analyzed by the proposed method was found in the
range of 102.2 — 103.3% and 95.2 - 110.4% for the standard Jaffé method. Moreover,
the performance of the proposed method for creatinine determination was
comparable to the standard Jaffé method in terms of the method accuracy. It was
found that the results obtained from both methods were not significantly different at
95% confidence level. The relative standard deviation (RSD) of the analytical results
was less than 7.6% which indicated an acceptable precision as set by Association of

Official Analytical Chemists (AOAC) (%RSD < 11 and %recovery 80-110).
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Table 4.6 The amount of creatinine determined by the proposed method and Jaffé

method (N = 3).

Sample* | Amount Proposed method Jaffé method
added Found | Recovery | RSD | Found | Recovery | RSD
(mg/L) | (mg/L) (%) (%) | (mg/L) (%) (%)
Urine 1 0 27.7+0.3 - 0.9 | 27.3+0.1 - 0.4
Urine 2 0 10.7+0.6 - 5.9 | 10.9+0.2 - 1.7
Urine 3 0 20.7+1.6 - 7.6 | 22.0+0.2 - 1.0
20 41.4+0.7 | 103.3+1.7 | 1.7 | 41.0+0.6 | 95.2+1.4 1.4
40 61.6+2.2 | 102.2+3.6 | 3.6 | 66.1+0.2 | 110.4+0.3 | 0.3

*Samples were 30-fold diluted

For naked eyes detection, the membrane color after sample analysis

was compared with the standard color chart as previously shown in Figure 4.16. The

results in Table 4.7 illustrated the color on membranes used to detect creatinine in

urine samples. The amount of creatinine evaluated by naked eyes was in agreement

with the amount of creatinine determined by the standard Jaffé method. However, it

is difficult to detect creatinine at low level by naked eyes.



Table 4.7 The colorimetric detection of proposed method by naked eyes by

comparing with the chart of color of creatinine.

Concentration (mg/L)
Membrane
Sample* Naked eyes Standard
color
detection method
Urine 1 20 - 40 27.3
Urine 2 10 10.9
Urine 3 10 - 20 22.0

*Samples were 30-fold diluted
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From the method validation, this proposed method could be applied

for creatinine determination in human urine by both colorimetric and naked eyes

detection. No analytical instrument is required. Moreover, the analysis time is shorter

than the standard Jaffé method.

4.6 Albumin to creatinine ratio

The range of linearity obtained from albumin and creatinine determination

were used to calculate albumin to creatinine ratio (ACR). The albumin to creatinine

ratio from the proposed method could be determined albumin to creatinine ratio at

low level (10 - 30 mg/g) as shown in Figure 4.17.
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Figure 4.17 Albumin to creatinine ratio from the proposed method.
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In this work, two urine samples (urine 1 and urine 2) were collected and

measured both albumin and creatinine by the proposed method. From Table 4.4 and

4.6, the amount of albumin and creatinine of urine 1 and urine 2 was used to calculate

the albumin to creatinine ratio. It was found that the albumin to creatinine of urine 1

and urine 2 were 11.5 mg/g and 21.1 mg/g, respectively. Therefore, the proposed

method was successfully detected albumin to creatinine ratio below 30 mg/g. It is

useful for screening test of renal failure in diabetes patient at an early stage, whereas

the microalbumin urine strip test could not distinguish the albumin to creatinine ratio

between 10 and 30 mg/s.



CHAPTER V

Conclusion

The cellulose acetate (CA) membranes were modified using the layer-by-layer
self assembly technique to extract albumin and creatinine before detecting with the
colorimetric method. The studied ranges of albumin and creatinine were 0 — 30 mg/L
and 0 — 3000 mg/L, respectively. For the characterization of PEMs on membrane using
ATR-FTIR and UV-Vis spectrophotometer, the results confirmed the successful of outer
surface modification with PDADMAC for albumin determination and PSS for creatinine
determination. TBPB in Triton X-100 was used as dye binding reagent to detect
albumin, resulting in the color change from yellow to green. Jaffé reaction was used

to detect creatinine, forming a yellow-orange complex.

For albumin determination, BSA in synthetic urine was diluted 4-fold with pH 7
5 mM phosphate buffer and 30 mL of the solution was filtered through the modified
PDADMAC/PSS membrane for albumin extraction. The adsorbed BSA was desorbed
from membrane and 0.90 mM TBPB and 6.0 % (w/v) Triton X-100 was dropped into
the eluate. The suitable condition was applied to determine the amount of BSA in
urine samples. The results from the proposed method showed a good linear
relationship between the BSA concentration and the absorbance intensity in the range
of 2.5 - 7.5 mg/L. The recoveries were obtained in the range of 81.2 — 106.9% and the
relative standard deviation were obtained in the range of 0.81 - 3.2%, which are
accepted for Association of Official Analytical Chemists, AOAC. The LOD and LOQ were

found to be 0.47 and 0.68 mg/L, respectively.

For creatinine determination, creatinine in synthetic urine was diluted 30-fold
with 5 mM HCl and the modified membrane was dipped into the solution to extract
creatinine. The adsorbed creatinine was detected by dropping alkaline picrate onto
membrane. The obtained results showed the linear range of the proposed method in

the concentration range from 0 — 100 mg/L with the reaction time was 10 minutes.
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The proposed method for creatinine determination was applied to urine samples and
the results were compared with the standard Jaffé method. The recoveries of the
proposed method was found in the range of 102.2 - 103.3% and 95.2 - 110.4% for the
standard Jaffé method. The relative standard deviation (RSD) of proposed method was
less than 7.6% and the LOD and LOQ were found to be 3.53 and 22.47 mg/L,

respectively.

From the all obtained results, the proposed method could be applied in
human urine for determining albumin to creatinine ratio at low level. This could be
useful as a simple and cost-effective detection kit for screening test of renal failure in

diabetes patient at an early stage.

Suggestion for future research

Suggestion for the further work is to optimize volume and flow rate for albumin
determination to achieve a higher amount of adsorbed BSA. Additionally, the proposed
albumin and creatinine determination should be applied to another real sample and

the albumin to creatinine ratio should be calculated.
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