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Abstract: Vitamin C is an important regulatory for iron uptake and vitamin B12 is
essential for proper functioning of folic acid. Human serum albumin is an abundant
plasma protein, the major soluble protein constituent of the circulatory system and
has many physiological functions including transport of a variety of compounds. In
this work, the molecular interaction between vitamin C and B12with human serum
albumin was investigated using constant protein concentration and various drug
concentrations at pH 7.4. Three different spectroscopic methods were used;
fluorescence spectroscopy, UV absorption and FT-IR spectroscopy. From spectral
analysis, both vitamins showed a strong ability to quench the intrinsic fluorescence of
human serum albumin through a static quenching procedure.The binding constant (k)
is estimated from UV-absorption as k=1.28×104 M-1 for HSA-Vitamin C and
k=2.21×104 M-1 for HSA-vitamin B12. Both results showed a good agreement with the
binding constants obtained from the modified Stern-Volmer equation using
florescence technique. The appearance or disappearance of the bands is a good sign to
understand the mechanisms at the molecular level. The FT-IR spectral changes
indicates an increase of intensity for HSA-vitamin C interaction and a reduction of
intensity for HSA-vitamin B12 interaction. For HSA-vitamin C complexes, positive
features are related to increase in intensity of the amide I and II bands upon drugcomplexation due to drug binding to protein C=O, C-N and N-H groups. While in the
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difference spectra of vitamin B12-HSA complexes, intensity decreases as the
concentration of vitamin B12 increases for amide I band at 1656cm-1, and amid II band
at 1544 cm-1, this results in stabilization by hydrogen bonding by having the C-N
bond assuming partial double character due to a flow of electrons from the C=O to
the C-N.
Keywords: Vitamin C, Vitamin B12, Human serum albumin, UV-spectroscopy,
Fluorescence spectroscopy, FT-IR.

1. INTRODUCTION
Vitamins are organic molecules required in very small quantities in the diet for health, growth, and
survival1-4. Most vitamins are used for the synthesis of coenzymes, complex organic molecules that
assist enzymes in catalyzing biochemical reactions, so the absence of a vitamin from the diet or an
inadequate intake results in characteristic deficiency signs and symptoms reflect an inability of cells
to carry out certain reactions2, 3.
Ascorbic acid (vitamin C) is a water-soluble micronutrient required for multiple biological functions
(Fig. 1),cannot be synthesized by humans and incorporated into our diet5. Vitamin C is an important
regulator of iron uptake1, 5; reduces ferric to ferrous ions, thus promoting dietary non-iron absorption
from the gastrointestinal tract, and stabilizes iron-binding proteins6.The two main components of
vitamin C are ascorbate and dehydroascorbic acid7 .The transport of ascorbate through the human
body involves two sodium-dependent vitamin C transporters8-10 which work as powerful antioxidant
capacity11. In a general sense, vitamin C acts as a cofactor and reduces certain enzymes by providing
them with electrons, due to its chemical structure12. Those enzymes can react with biomolecules
known as lipids, proteins and DNA, and cause harm10, 13, 14. In order to help prevent that, vitamin C
reduces oxygen species when lipid peroxidation is formed, reduces radical inhibitors in protein
oxidation, and prevents nitrosamine formation to reduce DNA damage15.

Fig. 1: Chemical structure of Vitamin C (ascorbic acid)
Vitamin B12, also called cyanocobalamin (Fig. 2), is one of 8 B vitamins16. All B vitamins help the
body convert food (carbohydrates) into fuel (glucose), which is used to produce energy17. These B
vitamins help the body use fats and protein18. B complex vitamins are needed for healthy skin, hair,
eyes, and liver. They also help the nervous system function properly19 .Vitamin B12 is the only vitamin
containing metal ion (trivalent cobalt) 20. It is needed in many body processes; in the manufacturing
and the maintenance of red blood cells, the synthesis of DNA, the simulate of nerve cells, the growth
promotion and energy releases, and the proper functioning of folic acid21-24. Characteristic signs of B12
deficiency include fatigue, weakness, constipation, loss of appetite, and weight loss25.
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Fig. 2: Chemical structure of vitamin B12
Serum albumins are the most crucial protein constituents of the human blood circulation system,
which fulfill a variety of physiological functions fundamental to human metabolism26-28. One of the
substantial features of this class of proteins is their ability to perform effective delivery role in case of
drugs and other biologically active substances29]. Human serum albumin (HSA) is the most abundant
protein in blood plasma and is able to bind and thereby transport various compounds such as fatty
acids, hormones, steroids, metal ions, therapeutic ions and a large number of drugs. Strong binding of
albumin can decrease the concentrations of free drugs in plasma, whereas weak binding can lead to a
short lifetime or poor distribution30. The interaction between HSA and drugs has been investigated
using techniques such as electrochemistry31, chromatography32, nuclear magnetic resonance33 and
spectral analysis. Spectral analysis is widely applied because of its easy operation, low cost, and
abundant theoretical formulation34.
The principal objective of this work was to investigate the interaction of HSA complexes with vitamin
C and vitamin B12 by using Fourier transform infrared spectroscopy (FTIR), thus, the work will be
limited to the mid-range infrared which covers the frequency range from 4000 to 400 cm-1. Other
spectroscopic techniques have been used in studying the interaction of drugs with proteins,
fluorescence and UV spectroscopy are commonly used because of their sensitivity, rapidity and ease
of implementation.
2. MATERIALS AND METHODS
Human serum albumin (fatty acid free) was purchased from Sigma chemical company. Vitamin C and
vitamin B12 in powder form were also purchased from Sigma chemical company and used without
further purification.
2.1. Preparation of stock solutions: HSA was dissolved in 25% ethanol in phosphate buffer Saline
and at physiological pH of 7.4), to a concentration of (80mg/ml), and used at final concentration of
(40 mg/ml) in the final vitamin- HSA solution. Vitamin C (molecular weight of 176.13 g.mol-1) and
vitamin B12 (molecular weight of 1355.4 g.mol-1), were dissolved in 25% ethanol in phosphate buffer
Saline and, then the solution was placed in ultrasonic water path (SIBATA AU-3T) for one hour to
ensure that all the amount of vitamins were completely dissolved. The final concentrations of HSA38
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Vitamins complexes were prepared by mixing equal volume of HSA to equal volume from different
concentration of vitamins C and B12. HSA concentration in all samples kept at 40 mg.ml -1. However,
the final concentrations of the vitamins in solutions are (40 mg.ml-1, 20 mg.ml-1, 10 mg.ml-1, 5 mg.ml1
, 2 mg.ml-1and 1 mg.ml-1).The solution of vitamins and HSA were incubated for 1 h (at 250C) before
spectroscopic measurements were taken.
2.2. UV-VIS spectrophotometer: The absorption spectra were obtained by the use of a Nano Drop
ND-1000 spectrophotometer. It is used to measure the absorption spectrum of the samples in the
range between 220-750 nm, with high accuracy and reproducibility. The absorption spectra were
recorded for free HSA 40 mg.ml-1 and for its complexes with vitamin C and B12solutions with the
concentrations of (40 mg.ml-1, 20 mg.ml-1, 10 mg.ml-1, 5 mg.ml-1, 2 mg.ml-1and 1 mg.ml-1). Repeated
measurements were done for all samples.
2.3. Fluorescence spectrometer: The fluorescence measurements were performed by a Nano Drop
ND-3300 Fluoro-spectrophotometer at 25°C. The excitation source comes from one of three solidstate light emitting diodes (LEDs). The excitation source options include: UV LED with maximum
excitation 365 nm, Blue LED with excitation 470 nm, and white LED from 500 to 650nm excitation.
A 2048-element CCD array detector covering 400-750 nm, is connected by an optical fiber to the
optical measurement surface. The excitation is done at the wavelength of 360 nm and the maximum
emission wavelength is at 439 nm. The emission spectra were recorded for free HSA 40 mg.ml -1 and
its complexes with vitamins C and B12 solutions with the concentrations of (40 mg.ml-1, 20 mg.ml-1,
10 mg.ml-1, 5 mg.ml-1, 2 mg.ml-1and 1 mg.ml-1).
2.4. FT-IR spectroscopy: The FT-IR measurements were obtained on a Bruker IFS
66/Spectrophotometer equipped with a liquid nitrogen-cooled MCT detector and a KBr beam splitter.
The spectrometer was continuously purged with dry air during the measurements. The absorption
spectra were obtained in the wave number range of 400- 4000 cm-1. A spectrum was taken as an
average of 60 scans to increase the signal to noise ratio, and the spectral resolution was at 4 cm-1. The
aperture used in this study was 8 mm, since we found that this aperture gives best signal to noise ratio.
Baseline correction, normalization and peak areas calculations were performed for all the spectra by
OPUS software. The peak positions were determined using the second derivative of the spectra. The
infrared spectra of HSA, and vitamins-HSA complexes were obtained in the region of 1000-1800 cm1
. The FT-IR spectrum of free HSA was acquired by subtracting the absorption spectrum of the buffer
solution from the spectrum of the protein solution. For the net interaction effect, the difference spectra
[(protein and vitamins solutions) - (protein solution)] were generated using the featureless region of
the protein solution 1800-2200 cm-1as an internal standard35. The accuracy of this subtraction method
is tested using several control samples with the same protein or vitamins concentrations, which
resulted into a flat base line formation. The obtained spectral differences were used here, to
investigate the nature of the vitamins-HSA interaction.
3. RESULTS AND DISCUSSION
3.1. UV-absorption spectroscopy: UV-absorption spectroscopy was used to determine the binding
constants between HSA and a drug (Vitamin C and Vitamin B12). The strength of interaction between
HSA and drugs is dependent on the binding constant which can be calculated using graphical analysis
of the absorbance spectrum. The excitation has been done on 210 nm and the absorption is recorded at
268 nm for vitamin C and at 278 nm for vitamin B12.The absorption spectra of different
concentrations of vitamin C (Fig.3.a) and vitamin B12(Fig.3.b) with HSA showed an increase of the
39
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intensity as the vitamin C concentration increases; this is due to major ligand protein interaction at
protein surface which does not limit the mobility of ligand around HSA molecule while the intensity
deceases with increasing vitamin B12 concentration which originates from the existence of aromatic
amino acids being the components of a protein molecule as well as its complicated molecular
structure.
The absorption data were treated using linear reciprocal plots based on the following equation35.
1
1
1
1
=
+
.
𝐴 − 𝐴0 𝐴∞ − 𝐴0 𝐾[𝐴∞ − 𝐴0 ] 𝐿

(1)

Where A0 corresponds to the initial absorption of protein at 280 nm in the absence of ligand, A∞ is the
final absorption of the ligated protein, and A is the recorded absorption at different Retinol
concentrations (L). Fig. 4.a and Fig. 4.b represents the double reciprocal plots of 1/(A- A0) vs. 1/L
for HSA-vitamin C and HSA-vitamin B12 complexes respectively. The binding constant (K) can be
estimated from the ratio of the intercept to the slope. The obtained values of the binding constants
indicates a relatively weak interaction of vitamin C (K= 1.28x104 M-1) and vitamin B12 (K= 2.21x104
M-1) when compared to other drug-HSA complexes with binding constants in the range13 of 105 and
106 M-1. The reason for the low stability can be attributed to the presence of mainly hydrogen-bonding
interaction or an indirect vitamin-HSA interaction through water molecules36.

Fig.3.a:UV-absorbance spectra of HSA with different concentrations of Vitamin C (a=free HSA,
b=1mg.ml-1,c=2mg.ml-1, d=5mg.ml-1, e=10mg.ml-1, f=20mg.ml-1, g=40 mg.ml-1)
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Fig.3.b. UV-absorbance spectra of HSA with different concentrations of Vitamin B12 (a=free HSA,
b=1mg.ml-1,c=2mg.ml-1, d=5mg.ml-1, e=10mg.ml-1, f=20mg.ml-1, g=40 mg.ml-1)

Fig.4.a: The plot of 1/(A-Ao) vs. 1/L for HSA with different concentrations of vitamin C.
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Fig.4.b: The plot of 1/(A-Ao) vs. 1/L for HSA with different concentrations of vitamin B12.

3.2. Fluorescence spectroscopy: It was found that the protein fluorescence quenching can be the
result of both the interactions, collisional or binding, with other molecules, as well as the inner filter
effect pertaining to the absorption of light at the excitation or emission wavelength by the compounds
presented in the solution. Fluorescence measurements can give some information on the binding
mechanism of small molecule substances to protein, including binding mode, binding constants,
binding sites and intermolecular distances. Various molecular interactions can decrease the
fluorescence intensity of a compound such as molecular rearrangements, exited state reactions, energy
transfer, ground state complex formation, and collisional quenching37.
The fluorescence of HSA results from the tryptophan, tyrosine, and phenylalanine residues. The
intrinsic fluorescence of many proteins is mainly contributed by tryptophan alone, because
phenylalanine has very low quantum yield and the fluorescence of tyrosine is almost totally quenched
if it is ionized or near an amino group, a carboxyl group, or a tryptophan residue19, 20, 39, 40.In this work
for HSA-vitamins complexes excitation wavelength at 360nm was used. The fluorescence sensor is
based on intramolecular charge transfer (ICT), which is highly sensitive to the polarity of
microenvironment. Therefore, it is expected to act as fluorescent probe for some biochemical systems
like proteins41.
As was observed, the HSA fluorescence spectrum exhibiting the peak maximum at 460 nm (Fig.5.a)
and the intensity increases as the vitamin C concentration increased while the peak maximum appears
to be at 440 nm (Fig.5.b) and the fluorescence intensity decreased regularly with increasing of
vitamin B12 concentration. The peak positions shows little or no change at all.
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Fig. 5.a: Fluorescence emission spectra of HSA in the absence and presence of vitamin C in these
concentrations (a=free HSA, b=1mg.ml-1,c=2mg.ml-1, d=5mg.ml-1, e=10mg.ml-1, f=20mg.ml-1, g=40
mg.ml-1)

Fig. 5.b: Fluorescence emission spectra of HSA in the absence and presence of vitamin B12 in these
concentrations (a=free HSA, b=1mg.ml-1,c=2mg.ml-1, d=5mg.ml-1, e=10mg.ml-1, f=20mg.ml-1, g=40
mg.ml-1)
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To elucidate the mechanism of fluorescence quenching, the steady state fluorescence quenching data
were examined based on the classic Stern-Volmer equation36:
𝐹0
= 1 + 𝐾𝑠𝑣 [𝐿] = 1 + 𝑘𝑞 𝜏0 [𝐿]
𝐹

(2)

where F0 and F are the HSA fluorescence intensities in the absence and presence of quencher
(Vitamins C and B12); kq is the HSA bimolecular quenching rate constant; 𝜏0 is the average
fluorescence lifetime of the HSA molecule without quencher 38 (of the order of 10-8); [L] is the
concentration of quencher, ksv is Stern-Volmer fluorescence quenching constant.
As it was already found, the process of fluorescence quenching can proceed via two mechanisms:
dynamic (collisional, diffusion-limited) and static (diffusion-independent). The Stern-Volmer plots,
which are linear within certain concentration, may either expose the presence of a single type of
quenching, or showthe occurrence of just a single binding site for quencher in the
fluorophoreneighbourhood41-43. The Stern-Volmer plots demonstrate sometimes an upward curvature,
mainly at higher values of quencher concentration, what could be ascribed to the combined type of
quenching (both static and dynamic) 44. It appeared that in proteins case the positive deviations from
the Stern-Volmer equation are also recorded when the extent of quenching is large or the fluorescence
process is dominated by one single residue (distance-dependent quenching due to a single molecular
interaction)45. Fig. 6.a and Fig.6.brepresents the Stern-Volmer plot of HSA fluorescence intensities
of Vitamin C and vitamin B12 respectively.

Fig.6.a: The Stern-Volmer plot for vitamin C- HSA complex
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Fig.6.b:The Stern-Volmer plot for vitamin B12- HSA complex

The curves are linear, suggesting the existence of a single type of quenching (dynamic or static)
and/or a single binding site for both vitamins in the HSA neighborhood., the values ofthe fluorescence
quenching constant determined applying Eq. (2) areequal to (9.46 × 103, 2.97 × 104) L mol-1 for
vitamins C andB12 respectively, both values are much lower than other ksv values for the similar
systems signalized earlier in literature1,44. The calculated ksv valuesare much too large to be caused by
collisional quenching in water (two-three orders of magnitude larger), as well as the values of kq,
which are equal to(9.46 × 1011, 2.97 × 1012) L mol-1 s-1 for vitamins C and B12 . These values confirms
clearly the existence of static (diffusion- independent) mechanism of fluorescence quenching10, 44.
Obviously, the values of kq were greater than that of the maximum dynamic quenching constant. This
suggested that the fluorescence quenching was not the result of dynamic quenching, but the
consequence of static quenching43, 45. When static quenching is dominant, the modified Stern- Volmer
equation could be used35.
1
1
1
=
+
𝐹0 − 𝐹 𝐹0 𝐾(𝐿) 𝐹0

(3)

Where K is the binding constant of vitamin-HSA. To determine the binding constants of HSAvitamins system, a plot of

1
1
vs
𝐹0−𝐹 𝐿

for different vitamins ratios are made and shown in Fig. 7.a and

Fig. 7.b for vitamins C and B12 respectively. The plots are linear and have a slope of
intercept

1
according
𝐹0

1
𝐹0 𝐾

and

to eq. (3). The values of K were found to be (1.3× 104M-1, 2.29 × 104 M-1),

which agrees well with the values obtained earlier by UV spectroscopy and supports the effective role
of static quenching.
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Fig. 7.a: The plot of 1/(F0-F) vs. 1/[L× 105] for HSA-Vitamin C

Fig. 7.b: The plot of 1/(F0-F) vs. 1/[L× 105] for HSA-Vitamin B12
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3.2. FT-IR spectroscopy: FT-IR spectroscopy is a powerful technique for the study of hydrogen
bonding46, and has been identified as one of the few techniques that is established in the determination
of protein secondary structure at different physiological systems8, 37. The information on the secondary
structure of proteins could be deduced from the infrared spectra. Proteins exhibit a number of amide
bands, which represent different vibrations of the peptide moiety. The amide group of proteins and
polypeptides presents characteristic vibrational modes (amide modes) that are sensitive to the protein
conformation and largely been constrained to group frequency interpretations14, 23.
The modes most widely used in protein structural studies are amide I, amide II and amide III. Amide I
band ranging from 1700 to 1600 cm-1 and arises principally from the C=O stretching44,has been
widely accepted to be used 46. The amide II band is primarily N-H bending with a contribution from
C-N stretching vibrations; amide I ranging from 1600 to 1480 cm-1 while amide III band ranging from
1330 to 1220 cm-1 which is due to the C-N stretching mode coupled to the in-plane N - H
bendingmode47.
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The second derivative of free HSA is shown in Fig. 8.a, where the spectra is dominated by
absorbance bands of amide I and amide II at peak positions 1656 and 1544cm-1. Figures (8.b&8.c)
respectively shows the spectrum of HSA-vitamin C and HSA-vitamin B12 complexes with different
concentrations.
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The peak positions of HSA with different concentrations of vitamins C and B12 are listed in tables 1&
2 respectively. It is clearly that the amide bands of HSA infrared spectrum are shifted in two different
manner.

Table 1:. Band assignment in the absorbance spectra of HSA with different vitamin C concentrations
for Amid I-III regions

Band
regions (cm1
)

HSA
Free

HSA-Vitamin
C
1 mg.ml-1

HSA-Vitamin
C
2 mg.ml-1

HSA-Vitamin
C
5 mg.ml-1

HSA-Vitamin
C
10 mg.ml-1

HSA-Vitamin
C
20 mg.ml-1

HSA-Vitamin
C
40 mg.ml-1

Amid I
(1600-1700)

1658
1620
1598
1547
1489
1479
1455
1429
1400
1368
1363
1310
1248
1216

1658
1615
1598
1546
1489
1478
1452
1427
1399
1368
1361
1310
1247
1214

1658
1598
1597
1546
1487
1477
1452
1427
1399
1367
1361
1309
1247
1214

1655
1614
1596
1546
1485
1477
1451
1426
1398
1366
1358
1308
1246
1210

1654
1597
1595
1545
1484
1476
1451
1426
1398
1366
1358
1308
1246
1209

1651
1620
1593
1544
1484
1473
1451
1426
1398
1366
1356
1306
1245
1206

1650
1607
1591
1544
1482
1473
1449
1426
1397
1362
1355
1304
1244
1203

Amid II
(1480-1600)

Amid III
(1220-1330)

Table 2: Band assignment in the absorbance spectra of HSA with different vitamin B12 concentrations
for Amid I-III regions
Band
regions
(cm-1)

Amid I
(1600-1700)
Amid II
(1480-1600)

Amid III
(1220-1330)
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HSA
Free

HSAVitamin B12
1 mg.ml-1

HSAVitamin B12
2 mg.ml-1

HSAVitamin B12
5 mg.ml-1

HSAVitamin B12
10 mg.ml-1

HSAVitamin B12
20 mg.ml-1

HSAVitamin B12
40 mg.ml-1

1704
1656
1601
1569
1543
1478
1451
1398
1302
1246
1204

1705
1656
1606
1569
1544
1478
1451
1400
1307
1247
1209

1705
1656
1608
1571
1544
1481
1451
1399
1310
1248
1210

1706
1658
1615
1573
1544
1481
1451
1400
1309
1247
1212

1710
1658
1616
1576
1545
1484
1451
1401
1310
1247
1214

1710
1659
1624
1578
1545
1485
1453
1400
1311
1250
1216

1712
1661
1617
1580
1546
1490
1457
1415
1312
1256
1220
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An intensity increase in the difference spectra of the vitamin C-HSA complexes was observed for the
protein amide I band at 1656 cm-1and amide II at 1544 cm-1. Positive features are located in the
difference spectra for amide I and II bands at 1660 cm-1 and 1548 cm-1(vitamin C). These positive
features are related to increase in intensity of the amide I and II bands upon drug-complexation due to
drug binding to protein C=O, C-N and N-H groups. Additional evidence comes from the decrement of
the peak positions as the concentration of vitamin C increases as shown in table 1.
In the difference spectra of vitamin B12-HSA complexes, the intensity decreases as the concentration
of vitamin B12increases for amide I band at 1656cm-1, and amid II band at 1544 cm-1. Table 2.
Provides an increment of the peak positions as the concentration of vitamin B12 increases; this results
in stabilization by hydrogen bonding by having the C-N bond assuming partial double character due
to a flow of electrons from44 the C=O to the C-N.
SUMMARY AND CONCLUSIONS
In summary, the binding of vitamin C and vitamin B12 to HSA has been investigated by UVabsorption spectroscopy, fluorescence spectroscopy and by FT-IR spectroscopy. The binding constant
values indicate a relatively weak binding of both vitamins with HSA and the quenching constant
indicate that the intrinsic fluorescence of HSA was quenched by both vitamins through static
quenching mechanism. Analysis of FT-IR spectra reveals that HSA-vitamin C interaction induces
intensity increment while HSA-vitamin B12 interaction induces intensity reduction.
REFERENCES
1. S. Nafisi, G.B. Sadeghi, A. Panahyab, Interaction of aspirin and vitamin C with bovine serum
albumin, Photochemistry and photobiology B, 2011, 105, 198-202.
2. M.M. Bialokoz, Investigation of the binding affinity in vitamin B12-Bovine serum albumin
system using various spectroscopic methods, SpectrochimActaA, 2017, 184, 262-269.
3. D.J. Fleming, K.L. Tucker, P.F. Jacques, G.E. Dallal, P.W.F. Wilson, R.J. Wood, Dietary
factors associated with the risk of high iron stores in the elderlyframingham heart study
cohort, Am. J. Clin. Nutr., 2002, 76 ,1375–1384.
4. M. Abu teir, J. Ghithan , M. Abu taha, S. Darwish, M. Abu hadid, Spectroscopic Approach Of
The Interaction Study Of Ceftriaxone And Human Serum Albumin. Biophysics And
Structural Biology, 2014, 110.
5. M. Abu teir, J. Ghithan , S. Darwish, M. Abu hadid, Study Of Progesterone Interaction With
Human Serum Albumin, Spectroscopic Approach. Applied Biological Sciences, 2011, 79-92.
6. J. Tian, D.M. Peehl, S.J. Knox, Metalloporphyrin synergizes with ascorbic acid toinhibit
cancer cell growth through fenton chemistry, Cancer Biother.Radiopharm,2010, 25, 439–448.
7. C.S. Johnston, F.M. Steinberg, R.B. Rucker, Ascorbic Acid, in: J. Zempleni, R.B.Rucker,
D.B. McCormick, J.W. Suttie (Eds.), Handbook of Vitamins, CRC Press, New York, 2007.
8. A. Bendich, L.J. Machlin, O. Scandura, G.W. Burton, The antioxidant role ofvitamin C, Free
Radical. Bio. Med., 1986, 2, 419–425.

50

J. Chem. Bio. Phy. Sci. Sec. C, February 2018 – April - 2018, Vol. 8, No. 2; 036-053;
[DOI: 10.24214/jcbps.C.8.2.03653]

Investigation …

Husain Alsamamraet al.

9. S. Cadenas, C. Rojas, R. Perez-Campo, M. Lopez-Torres, Effect of dietary vitaminC and
catalase inhibition on antioxidants and molecular markers of oxidative damage in guinea pigs,
Free Radical. Res., 1994, 21, 109–118.
10. B. Frei, L. England, B.N. Ames, Ascorbate is an outstanding antioxidant inhuman blood
plasma, Proc. Natl. Acad. Sci. USA,1989, 86, 6377–6381.
11. Z. Chen, T.E. Young, J. Ling, S.C. Chang, Increasing vitamin C content of plantsthrough
enhancedascorbate recycling, Proc. Nat. Acad. Sci. USA,2003, 100 , 3525–3530.
12. H. Wolff, K. Saukkonen, S. Anttila, A. Karjalainen, H. Vainio, A. Ristimki,Expression of
cyclooxygenase-2 in human lung carcinoma, Cancer Res.,1998, 58, 4997–5001.
13. S. Pourgonabadi, R. Saberi, K. Chamani, et al., Investigating the antagonisticaction between
aspirin and tamoxifen with HSA: identification of binding sitesin binary and ternary Dtrugprotein systems by spectroscopic and molecularmodeling approaches, Prot. Pept.
Lett.2011,18, 305–317.
14. J. Brescoll, S. Daveluy,A Review Of Vitamin B12 In Dermatology,2015.
15. F. Cui, L. Qin , Z. Guisheng, X. Liu, X. Yau,B. Lei, A Concise Approach To 1,11Didechloro-6-Methyl-40O-Demethyl Rebeccamycin And Its Binding To Human Serum
Albumin: Fluorescence Spectroscopy And Molecular Modeling Method Fengling.Bioorganic
& Medicinal Chemistry,2008.
16. T. Peter, Serum albumin, Adv. Prot. Chem.1985, 37, 161–245.
17. G. Sudlow, D.J. Birkett, D.N. Wade, Further characterization of specific drugbinding sites on
human serum albumin, Mol. Pharmacol.1976, 12, 1052–1061.
18. A.A. Bhattacharya, S. Curry, N.P. Franks, Binding of the general anestheticspropofol and
halothane to human serum albumin, J. Biol. Chem.2000, 275, 38731–38738.
19. S. Darwish, H. Alsamamra, S. Abusharkh, I. Khalid, R. Alfaqeh, M. Abuteir, Effects of
Extremely Low Frequency Magnetic Field on the Secondary Structures of β-Amyloid and
Human Serum Albumin European. Journal of Biophysics, 2018.
20. H. Alsamamra, S. Abu Sharkh, M. Darwish, M. Abu teir, Interaction of the Testosterone with
Bovine Serum Albumin (BSA): UV-Visible Absorption Spectroscopy Journal of Chemical,
Biological and Physical Sciences, 2017, 157-167.
21. X.M. He, D.C. Carter, Atomic structure and chemistry of human serum albumin, Nature,
1992, 358, 209–215.
22. J. Chen, X.Y. Jiang, X.Q. Chen, Y. Chen, Effect of temperature on themetronidazole-BSA
interaction: Multi-spectroscopic method, J. Mol. Struct.2008, 876 , 121–126.
23. C. Dufour, O. Dangles, Flavonoid-serum albumin complexation: determinationof binding
constants and binding sites by fluorescence spectroscopy, Biochim.Biophys. Acta, 2005,1721
164–173.
24. A. Ahmed-Ouameur, S. Diamantoglou, M.R. Sedaghat-Herati, S. Nafisi, R. Carpentier,H.A.
Tajmir-Riahi, The effects of drug complexation on the stability and conformation of human
serum albumin, Cell Biochem. Biophys.2006, 45, 203–213.
51

J. Chem. Bio. Phy. Sci. Sec. C, February 2018 – April - 2018, Vol. 8, No. 2; 036-053;
[DOI: 10.24214/jcbps.C.8.2.03653]

Investigation …

Husain Alsamamraet al.

25. L. Boulkanz, N. Balcar, M.H. Baron, FT-IR analysis for structural characterization of albumin
adsorbed on the reversed-phase support RP-C6,Appl. Spectrosc.1995, 49, 1737–1746.
26. E. Bramanti, E. Benedetti, Determination of the secondary structure of isomeric forms of
human serum albumin by a particular frequency deconvolution procedure applied to fourier
transform IR analysis, Biopolymers, 1996, 38,639–653.
27. J. Liu, J. Tian, Z. Hu, X. Chen, Binding of isofraxidin to bovine serum albumin,Biopolymers ,
2004,73, 443–450.
28. H. Lin, J. Lan, M. Guan, F. Sheng, H. Zhang, Spectroscopic investigation of interaction
between mangiferin and bovine serum albumin, Spectrochim. ActaA, 2009, 73, 936–941.
29. H. Wang, L. Kong, H. Zou, J. Ni, Y. Zhang, Screening and analysis of biologicallyactive
compounds in Angelica sinensis by molecular biochromatography, Chromatographia, 1999,
50, 439–445.
30. S. Bai, M.K. Jain, O.G. Berg, Contiguous binding of decylsulfate on the
interfacebindingburface of pancreatic phospholipase A2, Biochemistry,2008, 47,)2899–2907.
31. Y.Z. Zhang, J. Dai, X.P. Zhang, X. Yang, Y. Liu, Studies of the interaction between Sudan I
and bovine serum albumin by spectroscopic methods, J. Mol. Struct.2008,888,152–159.
32. J. Li, C. Ren, Y. Zhang, X. Liu, X. Yao, Z. Hu, Spectroscopic studies on binding ofPuerarin
to human serum albumin, J. Mol. Struct.2008, 885, 64–69.
33. J. Li, C. Ren, Y. Zhang, X. Liu, X. Yao, Z. Hu, Human serum albumin interaction with
honokiol studied using optical spectroscopy and molecular modelingmethods, J. Mol. Struct. ,
2008,881, 90–96.
34. Y. Yue, Y. Zhang, Y. Li, J. Zhu, J. Qin, X. Chen, Interaction of nobiletin with human serum
albumin studied using optical spectroscopy and molecular modeling methods, J. Lumin.2008,
128, 513–520.
35. L.Lakowicz, Principles of Fluorescence Spectroscopy, 3rded, Springer Science+Business
Media, USA, 2006.
36. S. Krimm, J. Bandekar, Vibrational spectroscopy and conformation of peptides, polypeptides,
and proteins, Adv. Protein Chem.1986, 38, 181–364.
37. R. Beauchemin, C.N. N’Soukpoe-Kossi, T.J. Thomas, T. Thomas, R. Carpentier,H.A.
Tajmir-Riahi, and Polyamine analogues bind human serum albumin, Biomacromolecules,
2007,8, 3177–3183.
38. [38] D.M. Byler, H. Susi, Examination of the secondary structure of proteins bydeconvolved
FTIR spectra, Biopolymers, 1986, 25, 469–487.
39. A. Ahmed, H.A. Tajmir-Riahi, R. Carpentier, A quantitative secondary structure analysis of
the 33 kDa extrinsic polypeptide of photosystem II by FTIRspectroscopy, FEBS Lett.1995,
363, 65–68.
40. K.A. Connors, Binding Constants: the Measurement of Molecular ComplexStability, John
Wiley & Sons, New York, 1987.

52

J. Chem. Bio. Phy. Sci. Sec. C, February 2018 – April - 2018, Vol. 8, No. 2; 036-053;
[DOI: 10.24214/jcbps.C.8.2.03653]

Investigation …

Husain Alsamamraet al.

41. M. Dockal, M. Chang, D.C. Carter, F. Rüker, Five recombinant fragments ofhuman serum
albumin-tools for the characterization of the warfarin bindingsite, Prot. Sci.,2000, 9, 1455–
1465.
42. F. Zsila, Z. Bikdi, M. Simonyi, Probing the binding of the flavonoid, quercetinto human
serum albumin by circular dichroism, electronic absorption spectroscopy and molecular
modelling methods, Biochem. Pharmacol. 2003, 65, 447–456.
43. M,M. Abu Teir, S.H. Ghithan, D S.arwish, MM. Abu-Hadid, Study of Progesterone
interaction with Human Serum Albumin: Spectroscopic Approach, Journal of applied
biological sciences,2011, 5,35-47.
44. B. Ahmad, S. Praveen, R.H. Khan, Effect of albumin conformation on the binding of
ciprofloxacin to human serum albumin. Biomacromolecules, 2006, 7,1350-1356.
45. S. Darwish, S. Abu sharkh, M.M. Abu Teir, S. Makharza, M.M. Abu hadid M.M,
Spectroscopic investigations of pentobarbital interaction with human serum albumin. Journal
of Molecular Structure, 2010,963, 122-129.
46. D. Workman and C. Vignali, The CD4 related molecule LAG-3 (CD223), regulates the
expansion of activated T cells. European Journal of Immunology, 2003, 33, 970-979.
47. Y. Liu, M. Xie, J. Kang, D. Zheng, Studies on the interaction of total saponins of
panaxnotoginseng and human serum albumin by Fourier transform infrared spectroscopy.
SpectrochemicaActa Part A.2003, 59,2747-2758

,* Corresponding author: Husain Alsamamra,

Department of physics, Al-Quds University, Jerusalem, Palestine
Online publication Date: 05.04.2018

53

J. Chem. Bio. Phy. Sci. Sec. C, February 2018 – April - 2018, Vol. 8, No. 2; 036-053;
[DOI: 10.24214/jcbps.C.8.2.03653]

