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Abstract

e distribution and metabolism of many biologically active compounds in the body whether
wi=mins or drugs or natural products are correlated with their affinities toward serum albumin.
Thus, the study of the interactions of such compounds with albumin is of imperative and
fandamental importance. In this study the interactions of hydrophobic vitamins (E and D) with
Suman serum albumin at physiological pH has been studied using UV-VIS spectrophotometer,
and FT-IR spectrometer. The present work deals with the interactions of hydrophobic vitamins
'E and D) with HSA using UV-absorption, and Fourier transforms infrared (FT-IR)
spectroscopy. The binding constants of Vit.E and Vit.D have been determined by UV-
absorption. The values of the binding constants with HSA are calculated at room temperature
to be: (1.21x10°M™7) and (6.8x10'M™) for vitamins (E and D) respectively. FT-IR
spectroscopy with Fourier self- deconvolution technique and second derivative resolution
enhancement procedures were applied in the analysis of the amide LII, and III regions to
determine the protein secondary structure and hydrophobic vitamins binding mechanisms. All
peaks positions in the three amide regions (amid I, amide II and amide III) have been
determined and any changes due to concentration changes of the vitamins have been
investigated. The FT-IR spectra measurements indicate a change in the intensity of absorption
bands due to change in the concentrations of the two vitamins. In addition a larger intensity
decrease in the absorption band of a-helix relative to that of B-sheets has been observed. This

variation in intensity is related indirectly to the formation of H-bonding in the complex

molecules, which accounts for the different intrinsic propensities of a-helix and B-sheets.
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Chapter One

1. Introduction

1.1 Food
Owr food contains a number of food constituents to meet the requirements of our body. These

constituents must be digested to be utilized by our body. The process by which organisms
#5tain and utilize food for their growth, development and maintenance is called nutrition and
%S¢ chemicals present in the food are called nutrients. On the other hand, digestion is the
oreaking down of complex constituents of food by enzymes into simpler soluble forms that
can be absorbed and utilized by the cells of the body. There are six nutrients that are
considered essential to life: Carbohydrates, Lipids, Nucleic acids-DNA (deoxyribenucleic
acid) and RNA (ribonucleic acid), Proteins, Minerals, and vitamins (Mann and Truswell,

2002).

Carbohydrates are substances having the empirical formula C,(H,0)y , e.g Cs(H20)s=glucose .
The basic building block of carbohydrates is a monosaccharide. Digestion converts the larger
carbohydrates to monosaccharide's, which can be absorbed into the bloodstream. They provide
the largest single source of energy in the diet. Lipids are a group of compounds that dissolve in
organic solvents such as petrol or chloroform, but are usually insoluble in water. Most lipids
are either, oils which are liquid at room temperature or fats which are solid at room
temperature. A molecule of fat consists of three fatty acids, bonded to a glycerol. They yield
more energy when oxidized, so they can be major sources of energy. Nucleotides are the
monomeric building block of the nucleic acids, DNA and RNA. Each nucleotide consists of a
heterocyclic nitrogenous base, a sugar, and phosphate. DNA contains the purine bases adenine

(A) and guanine (G) and the pyramiding bases cytosine (C) and thymine (T). RNA contains A,



= ad C, but it has uracil (U) instead of thymine. In DNA, the sugar is deoxyribose, whereas
= ENA it is ribose. DNA and RNA serve as the genetic material for cells. Proteins are
“amposed of amino acids that are joined to form linear chains. They are basis of many animal
Secy structures such as muscles, skin, and hair. They also form the enzymes which catalyze
“hemical reactions throughout the body. Minerals are chemical elements required by living
wrzanisms. They are divided into electrolytes which are ions and minerals, such as Sodium
"Nz'). potassium (K"), and chloride (CI'). They establish ion gradients across membranes,
maintain water balance, and neutralize positive and negative charges on proteins and other

molecules. (Mann and Truswell, 2002; Smith et al., 2005).

1.2 Vitamins

Vitamins are molecules required in very small quantities in the diet for health, growth, and
survival (Truswell, 2003). 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 reactions. The vitamins are divided
mto two classes, water-soluble vitamins and fat-soluble vitamins. This classification has little
relationship to their function but is related to the absorption and transport of fat-soluble
vitamins with lipids. The fat-soluble vitamins are absorbed along with ingested dietary fats by
the small intestines. They cannot be absorbed unless they are ingested with some fat. Water-
soluble vitamins, by contrast, are absorbed along with water in the gastrointestinal tract and
dissolve in the body fluids. The fat soluble vitamins are A, D, E, and K and the water-soluble
vitamins are C (ascorbic acid) and the family of B vitamins (Mann and Truswell, 2002; Smith

et al., 2005).



1.2.1 Water-soluble vitamins:

Water soluble vitamins are hydrophilic; they are divided into B-complex vitamins and C-

witamin. Table 1.1 represents water soluble vitamins.

Table 1.1: water soluble vitamins (Mann and Truswell, 2002)

' Vitamin Function Results of Deficiency Sources
i‘ Coenzyme in carbohydrate | anorexia, constipation, meat, whole
J THIAMIN (B-1) | metabolism; normal peripheral neuritis grains, nuts,
j function of heart, nerves, peas.
i and muscle.
:' growth and vigor; cracks at comers of mouth, Milk, liver,
' RIBOFLAVIN coenzyme in protein and glossitis, eye irritation and enriched
1 (B-2) energy metabolism sensitivity to light, skin cereals.
L eruptions
Coenzyme in energy Pellagra; weakness, lack of Meat,
- production; normal energy, and loss of appetite. | peanuts,
! NIACIN growth, health of skin, enriched
{nicotinic acid) normal activity of grains.
i stomach, and nervous
| system
Coenzyme in amino acid anemia, convulsions Wheat, com,

PYRIDOXINE metabolism; protein meat, liver.
(B-3) synthesis
Coenzyme in formation of | Unlikely because of Liver, green
- PANTOTHENIC | fat, cholesterol. widespread occurrence and leafy
| ACID intestinal vegetables,
baceria synthesis asparagus,
eggs
Folic Acid Growth and development | Pernicious anemia (B-12 isa | Liver,
B-12 of red blood cells necessary extrinsic factor that | meats, milk,
' combines with intrinsic factor | eggs,
of gastric secretions for cheese.
absorption)
Intercellular cement Scurvy, sore gums, Citrus fruits,
substance; firm capillary hemorrhages, especially tomatoes,
| VITAMIN C walls and collagen around bones, cabbage,
.~ (ascorbic acid) formation; helps prepare potatoes,
iron for absorption and melons.

release to tissues for red
blood cell formation.




122 Fat-soluble vitamins:

Hwdrophobic vitamins are fat soluble vitamins that are transported in human plasma and
extravascular fluids by carrier proteins (Jorkovic et al., 2005).Vitamin A is Necessary for the
wision cycle process - adaption to light and dark; tissue growth, especially skin and mucous
membranes; toxic in large amounts. Deficiency causes loss of vision, defects in bone growth,
defects in reproduction, and lowered resistance to disease and infection. The most abundant
forms which are found in use in the body are retinol, retinal, and retinoic acid. These forms of
vitamin A will bind easily to other compounds. Transported forms commonly found in the
corporal circulation are retinol bound to a binding protein and esters such as retinyl palmitate
and retinyl acetate. Esterification makes vitamin A more stable. For that reason, synthetic or
animal sources of vitamin A typically are in the form of esters. Figure 1.1 shows Structure of
vitamin A palmitate. Naturally occurring vitamin A can be found in fish oils, milk, and liver

(N’soukpo e "-Kossi et al., 2007).
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Figure 1.1 Structure of vitamin A palmitate( after Truswell, 2003).

The name ‘vitamin K’ was proposed by Henrik Dam of Denmark in 1935. K was the next
letter of the alphabet not already used for a vitamin at that time. It is also the first letter of the
German word Koagulation, which refers to its best known function. There are three forms of
vitamin K; vitamin K, vitamin K, , vitamin K3 In vitamin K deficiency there is a bleeding
disorder, characterized by low plasma prothrombin activity (hypoprothrombinaemia). Vitamin

K deficiency can occur in obstetric pediatric practice, in surgical patients and in medical

5



patients. Vitamin K, is present in dark-green leaves eaten as food. Other good sources are
some vegetable oils. Small amounts are present in beef liver, apples and green tea, and there is

some vitamin K2, in cheese (Pedersen-Bjergaard et al., 1999).

Witamin D is a precursor of a renal steroid hormone, 1, 25-dihydroxyvitamin D (Hadad et al.,
1993). This precursor, however, cannot be provided by enzymatic synthesis. Its supply
“epends on ultraviolet (UV) irradiation of the skin or absorption from the diet. Since few
matural foodstuffs contain much vitamin D, observers consider the endogenous, cutaneous
production of cholecalciferol (D3) to be the physiological mechanism of precursor supply
(Fraser, 1983). Figure 1.2 show structure of cholecalciferol (D3). The major function of
witamin D is absorption of calcium and phosphorus, calcification of bones. In rickets, there is
m=duced calcification of the growing ends (epiphyses) of bones. Vitamin D and its metabolites
are ransported in the circulation by vitamin D-binding protein and the complex enters the cell
Sogether with megalin and cubilin, recently characterized carrier proteins. Vitamin D exerts its
- &tions in a variety of cell types by binding to the nuclear vitamin D receptor (VDR), which
shares its structure with many other nuclear steroid hormone , such as the glucocorticoid,

#yroid hormone and estrogen receptors (Christensen et al., 2003).



Fugure 1.2 Structure cholecalciferol (D3) (after Truswell, 2003).

Vitamin E was discovered by Evans and Bishop as a fat soluble factor necessary for normal
reproduction in rats (Jorkovic et al, 2005). Vitamin E is a powerful antioxidant which plays an
essential role in protecting cell membranes and plasma lipoproteins from free radical damage
‘Mann and Truswell, 2002). Its deficiency has been associated with various chronic disorders
such as atherosclerosis, ischemic heart disease, and immune deficiency, different types of
cancer, and neurological syndromes that possess a strong oxidative stress component and can
e successfully treated with dietary vitamin E supplementation (Beharka, et al., 1997). There
are eight naturally occurring homologues of vitamin E in edible plant oils, vegetables and
Suits, with o- and y-tocopherol being the most common in the diet. The figure 1.3 show
sucture of vitamin E. Due to its hydrophobicity and primary location in the plasma
membrane, vitamin E requires special carrier/transport mechanisms in the aqueous

emvironment of plasma; no specific protein has been described so far for vitamin E.



Figure 1.3 Structure of vitamin E acetate (after Truswell, 2003).

1.3 Human serum albumin (HSA)

Human serum albumin (HSA) is the most abundant protein in human plasma and is able to
bind and thereby transport various compounds such as fatty acids, hormones, bilirubin,
iryptophan, steroids, metal ions, therapeutic agents and a large number of drugs. HSA serves
2s the major soluble protein constituent of the circulatory system, it contributes to colloid
osmotic blood pressure, it can bind and carry drugs which are poorly soluble in water (Abu
Teir et al, 2010). It is a globular protein consisting of a single peptide chain of 585 amino
acids. This protein composed of three structurally similar domains (labeled as I, II, III). Each
containing two sub domains (A & B) having six and four a-helices, respectively. See Figure

(1.4).




Domain 11 |

Domain 11

Figure 1.4 Chemical structure of human serum albumin (after Abou-Zied, 2009).

The primary pharmacokinetics function of HSA is participating in absorption, distribution,
metabolism and excretion of drugs. Drugs distribution is mainly controlled by HSA, because
most drugs travel in plasma and reach the target tissues by binding to HSA. It has been shown
that the distribution, free concentration and the metabolism of various drugs can be
significantly altered as a result of their binding to HSA (Kragh-Hansen et al., 1981). Hisaeda
and co-workers studied the interactions of Vitamin B12 and its hydrophobic ester derivatives
with HSA (Hisaeda et al., 2006). However, the binding affinity and the change of the
conformation of human serum albumin when interacting with B12 have not yet been
systematically investigated. Also multiple drug binding sites have been reported for HSA by

several researchers (Na Hou et al., 2008).
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Chapter Five

5. Conclusions and future work
The interaction of Vitamin E with HSA is similar to the interaction of vitamin D with
HSA(Ha, et al., 2003), and the affinity of vitamins to HSA is low (Amundsen etal., 2007);
which is obviously seen in our results with a low binding constants was get between vitamin E
or vitamin D interaction with HSA. Relatively vitamin E interaction with HSA was stronger
than vitamin D with HSA interaction. This may be due to the chemical structure of vitamin E
and vitamin D; there are more side interaction in presence of vitamin E to interact with HSA.
While in the pre :nce of vitamin D there is less side interaction, this is in line with the
reported results that vitamin E binds to HSA in sub domains IIA and IIIA (Ha et al., 2003),
and vitamin D have one binding site located in domain II (Kragh-Hansen, U.1981).The
interactions between hydrophobic vitamins and human serum albumin (HSA), it is of great
interest and important from pharmaceutical point of view. In my work the interaction of
vitamin E and vitamin D with HSA was investigated by means of UV-VIS
spectrophotometer, and FT-IR spectroscopy. I have determined the parameters for binding of
vitamin E or vitamin D with HSA. Were Vit.E-HSA and Vit.D- HSA binding constants by using
UV-absorption spectroscopy are estimated to be K= (1.21><102M'1), and (6.8><101M'
Yrespectively, The experimental results indicates a low binding affinity between Vit.E or Vit.D
with HSA. Analysis of FT-IR spectrum indicated that increasing the concentration of vitamin
E or Vitamin D lead to the unfolding of protein, decreasing the percentage of the a-helical
structure in favor of B-sheet structure. Beside that it can be inferred that the binding forces

which are involved in the binding process includes hydrophobic interactions. The newly

Zl:



formed H-bonding result in the C-N bond assuming partial double bond character due to a
flow of electrons from the C=0O to the C-N bond which decreases the intensity of the original

vibrations.

The binding study of VitE or VitD with HSA is of great importance in pharmacy,
pharmacology and biochemistry. This research can supply some important information to
clinical research and provide the theoretical basis for the new vitamins designing. Therefore,
this research need further studies to be a useful guide for synthesis of efficient Vit.E and Vit.D
vitamins such as the determinations of binding sites. binding location, and thermodynamic
parameters (enthalpy ,free energy _entropy) at different temperatures 1o deduce the type of the
acting force for the dinding reaction between Vit.E or Vit.D and HSA.

Furthermore, it is needed to investigate the effect of ions on the binding constants, because the
existence of metal ions can directly influence the binding force of drug with protein. Thus,
affecting the storage time of the drug in blood plasma and enhancing the maximum

effectiveness of the drug (Kragh-Hansen, U.1981).

72



