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Summary
Surveys indicate that most South African origin women want long and straight hair (Mamabolo and Summers, 2006). Such women will therefore use a relaxer to straighten their hair. Many such preparations cause damage to the hair and scalp; hence identification of an effective and mild relaxer would be advantageous. This dissertation investigates South African origin hair structure and goes on to describe the effects of relaxers on South African origin hair. This work also analyses the effects of the lye and no-lye relaxers separately.

The work was divided into two sections. The first section was the clinical study where two types of relaxers (‘lye’, a sodium hydroxide base relaxer and ‘no-lye’, a guanidine hydroxide base relaxer) were applied on the new outgrowth representing natural hair in a half-head study design of five South African origin female volunteers. Subjective (subject self-assessment) and objective (Researcher assessment) hair assessments were performed.  The second section was the analysis of the hair samples by Reversed-Phase High Performance Liquid Chromatography (HPLC) using the Pico Tag as well as Electron Microscopy.

There was no erythema detected in the clinical study on the scalp of any of the subjects post-application. Both the researcher and the subjects assessed the performance of the no-lye relaxer to be better than the lye relaxer in terms of straightness. The researcher also assessed the performance of the no-lye relaxer to be better than the lye relaxer in terms of softness, shininess, volume and dryness. The performance of the two types of relaxers was assessed to be the same by both the researcher and the subjects in terms of length and damage. 
There was a statistically significant (p< 0.1) decrease in the amount (g/100 g hair) of cystine after treatment compared to before treatment with both the lye relaxer (median [range]) (7.8 [2.5-9.9] vs. 9.1 [6.7-11.9]; p= 0.086) and the no-lye relaxer (4.0 [2.9-4.8] vs. 9.1 [6.7-11.9]; p= 0.005); this decrease was significantly greater (p= 0.086) for the no-lye relaxer. There was also a statistically significant decrease in the amount of lysine after treatment compared to before treatment with both the lye relaxer (2.0 [1.5-2.3] vs. 2.1 [2.0-2.6]; p= 0.082) and the no-lye relaxer (2.0 [1.5-2.2]; p= 0.036); this decrease was not significantly different (p= 0.920) for the two types of relaxer. No significant differences were found in the levels of the remaining 15 amino acids analysed. 

For all the subjects no physical evidence of hair damage was observable from the scanning electron microscopy images of the hair shafts and the cuticles.
The longer wash-off time confirmed the claimed relative safety of ‘no-lye’ relaxers. The no-lye relaxer performed better overall than the lye relaxer in terms of the hair quality parameters assessed. A decrease in cystine levels is consistent with better performance in terms of hair straightness. The results from electron microscopy were not conclusive.
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CHAPTER 1
INTRODUCTION
Hair appearance is of great importance to the population as a whole. Hair is an important component of body image and has immense psychological importance for both men and women (Harrison et al., 2004). Large amounts of money are spent annually by consumers on the cosmetic treatment of hair (Ferguson et al., 2000). It has been estimated that approximately 70-80 percent of African American women chemically relax or straighten their hair. The use of chemical straightening products is said to put African American women in particular at high risk for various “traumatic” allopecias, or hair loss, and other adverse hair and scalp reactions (Bernard et al., 2002). The size of the relaxer market in South Africa is approximately R400 million per annum (Kalla, 2006). 
It has been suggested that there are no biochemical differences in hair structure among the races (Bernard et al., 2002). However, variations do exist in the morphology of hair, when African American, Asian and Caucasian hair types are compared. African American hair, upon cross-sectional examination of the hair shaft, appears elliptical or flattened. The hair follicle is curved, which gives the hair its unique curly texture. Caucasian and Asian hair types are oval and round respectively. In both Caucasian and Asian hair, the follicle is straight, resulting in a relatively straight or wavy hair texture. Due to the characteristic curly nature of African American hair, straightening the hair using chemical treatments allows for greater manageability and flexibility in styling (Bernard et al., 2002). The most common chemical hair straighteners are termed ‘relaxers’.
There are still many unanswered questions concerning the effect of relaxer treatments on the hair of different ethnic groups. Understanding of the normal structure of South African origin hair is important for the appropriate development of such cosmetic treatments. There is minimal data on the toxicity of relaxers and lack of toxicological information available in scientific literature.
The Photobiology Laboratory at Medunsa Campus, University of Limpopo, has been involved in relaxer efficacy work with multinationals for the past ten years, but that work is subject to confidentiality agreements. According to the Laboratory’s experience, South African origin hair in different individuals behaves differently with the same cosmetic treatment, performed at the same time points, using the same procedure. Subjects of the same type of hair (e.g. coarse hair) may be treated with the same cosmetic treatment e.g. a relaxer, and the results may not be the same. In some subjects the resultant hair is straighter, shinier, and silkier than in others. 
Quadflieg (2003) investigated the geometry of Afro-American hair, but to date only one published work (Khumalo et al., 2010) could be identified on black South African Origin hair with regard to the effect of relaxer treatments. The published work reported a decrease in cystine content after relaxer treatment, but did not analyze lye (sodium hydroxide base) and no-lye (guanidine hydroxide base) relaxers separately (Khumalo et al., 2010), hence the need for this study.
In some literature it is shown that the biochemical content of  black South African origin hair (including the distribution of the cystine) is similar to other racial groups (Cohen and Strydom, 1988), whereas other literature source reports that there is a difference in chemical content of cystine in the different racial groups (Top-hair-loss-remedy.com, 2010). Hence there is a need to:

i. Contribute to the existing body of knowledge of the biochemical composition of South African origin hair.

ii. Establish whether chemical differences exist between South African origin hair and that reported for other continents and

iii. Determine the effect of different types of hair relaxers on the chemical composition of South African origin hair. 
The objectives of this work were then:

1. To obtain an understanding of the normal structure of black South African origin hair (morphological and chemical). 

2. To obtain background demographic information on the sample population of 5 healthy South African Origin females.

3. To sample hair with at least 2cm of virgin outgrowth, ±50 strands per subject, from the above subjects.

4. To conduct controlled relaxation of outgrowth on a half-head with each of Sodium Hydroxide (Lye) relaxer, commercially available and Guanidine Hydroxide (no-lye) relaxer, a test product.

5. To sample the newly treated outgrowth (±50 hairs for the lye and ±50 hairs for the no-lye sides).

6. To assess the hair amino acid profile (especially the cystine content) of the virgin and treated hair using reversed-phase high performance liquid chromatography (RP-HPLC).
7. To investigate the related physical structure of the hair through,

•
Scanning Electron Microscopy (SEM).

•
Visual and tactile descriptive assessment of coarseness, curl and colour of the treated and untreated hair.

8. To analyse the data for differences and/or correlation of variables.

CHAPTER 2
LITERATURE SURVEY
2.1: Introduction
Studies have consistently shown that the biochemical content of black South African origin hair (including the distribution of the cysteine-rich protein) is similar to other racial groups (Ferguson et al., 2000). Their observations from the silver staining pattern of black South African origin hair shafts were identical to those for Caucasian and Asian hair. This observation supports the hypothesis that structural damage is the result of physical trauma, rather than any inherent weakness in the hair shafts. The structural damage seen in the black South African origin hair is probably related to the physical stresses resulting from the combing of intertwined and/or knotted hair shafts (Ferguson et al., 2000).
2.2 Hair growth cycle

Each individual hair is formed inside a hair bulb, deep in a hair follicle. From a baby’s birth for many decades, as much as a century in some people, the follicle continues to produce hairs. Each hair grows for many years: during this time it will be shampooed, conditioned, cut, blown dry, exposed to sun and wind, coloured or bleached, straightened or permed. None of these treatments affects the growth of the hair in the hair bulb, even though some may seriously damage the hair shaft. Finally the hair spontaneously falls out. The follicle rests for a little while, and then starts to produce yet another new hair.
Between starting to grow and falling out years later, each hair passes through three distinct stages. These are so important that they have been given special names: anagen (the growing phase), catagen (the intermediate phase) and telogen (the shedding phase), (Procter and Gamble.com, 2011).

The anagen phase of a new hair starts at the moment it begins to grow. At that time there is very active growth in the hair bulb. This usually lasts for some years, generally between three and seven, without interruption. Since human hairs grow at a rate of roughly 1 centimeter a month, hairs can grow to a length of a meter or so. Hair is said to grow more quickly in winter than in summer. Hair growth varies with the season as a result of a change in the difference between hair follicles in the growing and shedding phases (Procter and Gamble.com, 2011).

The catagen phase is a short resting phase that lasts for between two and four weeks in the human scalp. No pigment is made during that time, and the follicle stops producing hair. The base of the follicle moves upwards towards the surface of the skin (Procter and Gamble.com, 2011).

The telogen phase lasts for three of four months. This is the time at which a new hair begins to grow from the hair follicle. As it grows upwards the old hair will be shed naturally or may be pulled out, which happens easily and painlessly with telogen hairs. These are the hairs that come out during brushing and shampooing of hair. Shedding is part of the normal process of the replacement of old hair with new. At any time, around one in ten of the follicles on an individual’s head are in the shedding phase. The new hair emerges from the same opening at the surface of the skin as the old one, and the hair cycle begins again (Procter and Gamble.com, 2011).
2.3 Hair structure
Hair is made of protein and has three major structural components, the cuticle, the cortex and the medulla. The outermost element is the cuticle, a protective layer that resembles the shingles on a roof. The inside of the hair is known as the cortex and it is composed of bundles of protein. While the cuticle provides outside protection for the hair, the cortex gives hair its inner strength. The third component is the medulla, a spongy vacuole that runs through the centre of the cortex (Schueller and Romanowsk, 2005). These components are illustrated in Figure 2.1.
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Figure 2.1: Hair structure (top-hair-loss-remedy.com, 2010)
All of these structural components are composed of dead cells, which are mainly filled with keratin protein. The keratin is characterized by a high content of cystine, an amino acid that has the capacity to cross-link the protein by its intermolecular disulphide linkages.
The cuticle consists of flat overlapping cells (scales). These cells are attached at the root end and they point forward to the tip end of the hair fibre, like shingles on a roof. Each cuticle cell is approximately 0.3–0.5 µm thick and the visible length of each cuticle cell is generally 5–10 µm. The cuticle in human hair is generally 5-10 scales thick. Each cuticle cell consists of the cell membrane complex and three major layers: A-layer, a resistant layer with a high cystine content (>30 %); the exocuticle, also rich in cystine (~15 %); and the endocuticle, low in cystine content (~3 %).
The cortex contains cortical cells and the intercellular binding material, or cell membrane complex. The cortical cells are generally 1-6 µm thick and 100µm long, and run longitudinally along the hair fibre axis and take up the majority of the inner hair fibre composition. The cell membrane complex consists of cell membranes and adhesive material that binds the cuticle and cortical cells together. The intercellular cement of the cell membrane complex is primarily non-keratinous protein, and is low in cystine content (~2 %).
The medulla of human hair, if present, generally makes up only a small percentage of the mass of the whole hair, and is believed to contribute negligibly to the mechanical properties of human hair fibre (Wei et al., 2005).
2.4 Chemical composition of hair
A wide range of variability in the composition of the hair keratin fibres and the other hair proteins has been detected among mammals. Depending on the growth cycle there is a close correlation between the composition of the hair matrix and the current metabolic situation in the anagen phase, while in the telogen phase a retrospective review of the completed metabolic process is given. Hair protein is made up of cross-linked polypeptide chains of amino acids joined to each other by peptide bonds. In the context of an investigation on the measurements of amino acids in human hair, the following amino acids were found in human hair: Aspartic acid, Glutamic acid, Threonine, Alanine, Methionine, Cystine, Serine, Glycine, Proline, Valine, Phenylalanine, Leucine, Lysine, Tyrosine, Arginine, Isoleucine and Alanine (Rieck, 1997). In terms of raw elements investigations revealed that on average, hair is composed of 50.65 % carbon, 20.85 % oxygen, 17.14 % nitrogen, 6.36 % hydrogen and 5.0 % sulphur as well as trace amounts of magnesium, arsenic, iron, chromium and other metals and minerals (keratin.com, 2011).
The main factor to be considered in the human hair is the high amount of the amino acid cystine, which may be degraded and afterwards may be re-oxidated under a disulphidic bound form. This is the basis for the permanent curling process. Cystine is very stable; this is the reason why human hair may be found relatively intact, even after several years after the death of an individual (Velasco et al., 2009).

2.5 Ethnic hair

Current research on ethnic hair shows that there are no differences in the intimate structures of fibres among African, Asian and Caucasian hair, whereas geometry, mechanical properties and water swelling differ according to ethnic origin. Literature shows that physical properties of hair depend mostly on its geometry. Asian hair is circular in cross-section (resulting in a straight hair shaft), Caucasian hair is oval with a resultant curved shaft and African hair is elliptical in cross section with the resultant tight curls. Several mechanical properties are directly related with fibre diameter. The physical properties of hair involve resistance to stretching, elasticity and hydrophilic power (Velasco et al., 2009). An image of Afro-ethnic hair is shown in Figure 2.2.
The factors that influence protein synthesis from the pool of amino acids in the hair follicle are not only nutritional factors, the phase of hair growth and hormonal factors but also inborn errors of metabolism and environmental factors, (Franbourg et al., 2003). Mechanical factors, such as asymmetric follicle bulb differentiation and follicle shape, are likely to be responsible for the fragility with breakage associated with combing seen in natural African hair (Khumalo et al., 2010). 
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Figure 2.2: SEM photomicrograph of an Afro-Ethnic hair sample (Velasco et al., 2009)
2.6 Hair straightening

The chemical basis of relaxers differs, and each one has its advantages and disadvantages. Even within one product house there are different relaxer ranges not just for brand diversification, but because relaxers have different active ingredients and should be used for different purposes.

Over time the formulations have become more sophisticated and include buffers that provide more protection for the hair and scalp. Relaxers can now be broken down into two main categories, lye and no-lye. Lye relaxers have sodium hydroxide as a base and no-lye relaxers have a calcium, lithium, potassium or guanidine hydroxide base as their alkaline agent.

HN
C
NH3+OH-

NH2
Figure 2.3: Chemical structure of guanidine hydroxide

Relaxers consist of three principal components: an alkaline agent, an oil phase and a water phase. All relaxers are alkaline with a pH on the scale of 10-14. The normal pH of hair has been found to be 4.5 - 5.5. The high relaxer pH softens and swells the cuticle allowing the chemical to penetrate to the cortex and break down the disulphide bonds. Disulphide bonds contribute to the durability of the shape of the hair, so breaking them down in curly hair allows the hair to be straightened but also weakens the hair. Relaxed hair is straight and does not have the knots and intertwining demonstrated in natural hair (Khumalo et al., 2010). 
An equation for the reaction between the alkaline agent in the relaxer and the disulphide bonds of cystine is given in equation 1.
   COOH                           COOH                      COOH                      COOH

 HC   CH2   S     S    CH2    CH                          C      CH     S    CH   C……………..eq. 1     
   NH2                                 NH2                         NH2                                  NH2  

Cystine (disulphide bond)                              Lanthionine (monosulphide bond)
The use of a neutralizing (acidic) shampoo closes the cuticle and returns the hair to its normal pH, therefore neutralizing the effect of the chemicals. Lye relaxers have the highest pH (12 - 14) and works the fastest therefore has the potential to cause the most damage. The sodium hydroxide (caustic soda) base can cause scalp irritation, but it tends to provide the straightest results and sheen (Shaw, 2005). Sodium hydroxide relaxers are available in three strengths, Super for resistant hair, Regular for normal hair and Mild for thinner or colour treated hair.

Lye relaxers tend to (Shaw, 2005):

· Irritate the scalp

· Cause less drying of the hair

· Leave the hair with more sheen

· Penetrate the cuticle more quickly

No-lye bases were created to counteract the problem of sensitive scalps with the use of lye relaxers. The two common types of no-lye relaxers are mix and no-mix. Mix no-lye relaxers consist of a guanidine carbonate activator and a cream base of calcium hydroxide. The two parts are mixed to form guanidine hydroxide. No-mix no-lye relaxers contain potassium or lithium hydroxide. 
No-lye relaxers tend to (Shaw, 2005):

· Cause less irritation to the scalp
· Cause more drying on the hair and scalp

· Require more conditioning treatments
· Penetrate the cuticle more slowly 
The comparative properties of lye and no-lye relaxers are summarized in Table 2.1.

Table 2.1: Summary of comparisons of relaxer types (Shaw, 2005)
	Parameter
	LYE
	NO-LYE

	Relative strength
	3
	1

	Active chemical
	Sodium hydroxide
	Mix: guanidine hydroxide and calcium hydroxide

No-mix: potassium hydroxide or lithium hydroxide

	pH
	12-14
	12.5-13.5

	Penetration and spreading
	Faster due to smaller molecules
	Slower due to larger molecules

	Relaxer processing time
	Shorter
	Longer

	Irritation potential
	Higher due to lower safety margin
	Lower due to a higher safety margin

	Drying potential
	Less drying to hair and scalp
	More drying to hair and scalp

	Scalp protection
	Usually requires protective cream
	No additional protection necessary


Any change in the amino acid composition of the hair that is caused by relaxers indicates hair damage, especially changes of the amounts of cysteic acid, cystine and lanthionine. Damage caused by an alkaline treatment like a relaxing treatment may be detected by changes in lanthionine levels, which also originates from cystine (Quadflieg, 2003; Robbins, 1994). 
There are three types of cross-links in the proteins of hair, the hydrogen bond, disulphide bond and salt linkage bond. The disulphide bonds are the most important bonds as far as straightening are concerned. These bonds are broken to allow the alteration of the hair shape. The amino acid cystine (CyS-SCy) forms a link between two adjacent polypeptide chains. The bonds are covalent and can only be altered chemically (Quadflieg, 2003).
Studies have demonstrated that there is a relationship between argine, citruline and glutamine in health and disease. Glutamine is reported to be a precursor of arginine. Specific amino acid changes have been reported to be associated with inflammation. A decrease in citrulline and glutamine has been associated with inflammation. Scalp inflammation and scarring alopecia have been anecdotally reported with both lye and no-lye relaxers, despite the fact that the latter are often advertised as safer (Khumalo et al., 2010).
2.7 Analysis of hair 

2.7.1 Clinical studies
Clinical studies should be conducted according to internationally recognized Good Clinical Practice Guidelines (Department of Health, 2006). The purpose of these guidelines is to provide clearly articulated standards of good clinical practice in research, and to ensure that clinical studies conducted on human participants are designed and conducted according to sound scientific and ethical standards within the frame work of good clinical practice. Compliance with these standards provides the public with assurance that the rights, safety and well-being of study participants are protected and that clinical study data are credible (Department of Health, 2006).

Permission to conduct the study has to be approved by the Research Ethics Committee. The responsibility of the Research Ethics Committee is to ensure the protection of, and respect the rights, safety and well-being of participants involved in a study. It provides public assurance of that protection by reviewing, approving and providing comment on clinical study protocols, the suitability of investigators, facilities, methods and procedures used to obtain informed consent (Department of Health, 2006).
Informed consent is an essential component of ethical research. Obtaining informed consent implies the provision of information to potential participants regarding the nature of the research procedure, scientific purpose and alternatives to study participation (Department of Health, 2006).   
2.7.2 Elemental analysis

In terms of raw elements, hair is composed of carbon, oxygen, hydrogen, nitrogen and sulphur, together with trace amounts of magnesium, arsenic, iron, chromium and other metals and minerals. Rutherford and Hawk (1907) used elemental analysis to reach the conclusion that the chemical composition of hair is influenced by race, gender, age, and hair colour.  
2.7.3 Amino acid analysis by RP-HPLC

2.7.3.1 Introduction

The literature reports a variety of methods for amino acids analysis.  These include chromatography, electrophoresis, polarography, colorimetry, titration and spectroscopy (Zahn and Gattner, 1997). The classical amino acid analysis technique involves the separation of the constituent amino acids by ion-exchange chromatography, post-column derivatization with ninhydrin being used for colorimetric detection (Moore and Stein, 1948; Moore et al., 1958). The sensitivities for this method are, however, relatively low and dedicated instrumentation (known as the amino acid analyser) is usually required, limiting its use.  Reverse Phase High Performance Liquid Chromatography (RP-HPLC) with pre-column derivatization and fluorescence or UV detection is the method that is used the most by researchers (Franbourg et al., 2003; Quadflieg, 2003).    
The HPLC gradient elution technique is intended for pumping and mixing up to four solvents.  This can be accomplished with one pump and a proportioning valve or by using two separate pumps.  Generally the pumping configuration is an aspect of the instrumentation that is transparent to the user.  Reverse phase chromatography can also be performed in a purely isocratic mode where the solvent conditions are held constant, this form of reverse phase chromatography can be carried out with a single pump.  Isocratic methods are used most often in a QC environment in which a single analyte has been extensively characterized and the compound is being run to confirm its identity and to look for closely related degradation products (Guzzetta, 2001).

2.7.3.2 HPLC column components and specifications
The components and specifications of the column used in HPLC are column dimension (size), particle size and pore size and stationary phase. Since columns are tubular, column dimensions usually take the following format, internal diameter X length (4.6 mm X 250 mm) (Guzzetta, 2001). 
The most common columns are packed with silica particles.  The beads or particles are generally characterized by particle and pore size.  Particle sizes generally range between 3 and 50 µ, with 5 µm particles being the most popular for peptides.  Larger particles will generate less system pressure and smaller particles will generate more pressure. The smaller particles generally give higher separation efficiencies (Guzzetta, 2001).  
The particle pore size is measured in angstroms and generally ranges between 100-1000 angstroms.  300 angstroms is the most popular pore size for proteins and peptides and 100 angstroms is the most common for small molecules.  Silica is the most common particle material.  Since silica dissolves at a high pH it is not recommended to use solvents that exceed pH 7.  However, recently some manufacturers have introduced silica based technology that is more resistant to high pH, it is important to take note of the manufacturer’s suggested use recommendations.   In addition the combination of high temperature and extremes of pH can be especially damaging to silica (Guzzetta, 2001). 
The stationary phase is generally made up of hydrophobic alkyl chains ( -CH2-CH2-CH2-CH3 ) that interact with the analyte.  There are three common chain lengths, C4, C8, and C18.  C4 is generally used for proteins and C18 is generally used to capture peptides or small molecules.  The larger protein molecule is likely to have more hydrophobic moieties to interact with the column and thus a shorter chain length is more appropriate (Guzzetta, 2001).  
Peptides are smaller and need the more hydrophobic longer chain lengths to be captured, so C8 and C18 are used for peptides or small molecules.  Here is an interesting note: Observations have been made that C8 columns are actually better for capturing smaller hydrophilic peptides, the theory here is that the longer C18 chains lay down during the early aqueous period of the gradient and the more hydrophilic peptides are not captured (Guzzetta, 2001).
2.7.3.3 Solvents 
The reverse phase solvents are by convention installed on the HPLC channels A and B.  The A solvent by convention is the aqueous solvent (water) and the B solvent by convention is the organic solvent (acetonitrile, methanol, propanol).   It is important to follow this convention since the terms A and B are commonly used to refer to the aqueous and organic solvents respectively.  The A solvent is generally HPLC grade water with 0.1% acid.  The B solvent is generally an HPLC grade organic solvent such as acetonitrile or methanol with 0.1% acid (Guzzetta, 2001).  In addition to water and organic solvents, amino acid analysis by RP-HPLC usually involves the use of buffers such as acetate buffers (Iowa State University, 2011). 

2.7.3.4 Flow rate

It is important to use the correct flow rate for an HPLC column.  Below is a table with standard flow rates.  
Table 2.2: Standard flow rates for column internal diameters
	Internal Diameter (mm)
	Standard Flow Rate (µl/min)

	4.6
	1000

	2.1
	200

	1.0
	50

	0.30
	4

	0.15
	1


If a column with a different diameter than those shown in the table is used, the mobile phase linear velocity is maintained by calculating the appropriate flow rate for the column using the formula below (Guzzetta, 2001).
(new diameter mm) ²        
                                       X1 (flow rate to reduce ml/min) = new flow rate ml/min................eq.2
(given diameter mm) ² 

2.7.3.5 Fluorescence and UV detectors

The use of fluorescence detection in liquid chromatography is now recognized as a powerful method which not only complements conventional UV absorption methods, but in many instances achieves sensitivity and specificity advantages that make it the optimum method of detection. The effect of optical and spectroscopic parameters on measurement sensitivity is illustrated in a number of applications involving UV-absorbing naturally fluorescent compounds as well as non-absorbing compounds for which fluorescence derivatives can be made (Johnson et al., 1977).
A fluorescence spectrophotometer adapted with a micro quartz flow cell to record the output of modern liquid chromatographs has been described. The optical system is double beam in that the light source variations are cancelled out by a second photo-multiplier, thus enhancing the sensitivity of the technique. The emission spectra may be scanned by stopping the flow in the chromatographic column and scanning the fluorescence detector. Many specific applications have been studied: polycyclic aromatic hydrocarbons, several vitamins, porphyrins, methylanthranilate, etc. These are studied in natural samples and it is shown that the specificity of the fluorescence detector for fluorescing compounds is often much greater than is available with variable-wavelength ultraviolet spectrophotometers (Slavin, 1977).

2.7.3.6 Hydrolysis

Hydrolysis is a chemical reaction in which H2O molecules are split into hydrogen cations and hydroxyl anions. When a molecule undergoes hydrolysis one fragment gains an H+ ion and the other fragment an OH- ion. This type of reaction is required for breaking up the amide bonds of the peptide links bounding the amino acids together in a protein (a polypeptide) in order to obtain free amino acids for analysis. Equation 3 below uses the hydrolysis of a dipeptide as an example to illustrate this reaction.   

             R         H   R’                                  R                                R’
NH2    CH    C   N   CH   COOH            NH2  CH   C  OH    +    NH2  CH  COOH………eq. 3
                  O                                                     O                  
             dipeptide                                                free amino acids
The reaction can be catalysed by either acid or base. There are two ways in which acid-catalysed hydrolysis of a protein sample is usually carried out. One is a slow reaction in which the protein sample is heated with HCl for about 24 hours at about 110 °C. The other is a much faster reaction in which the protein sample is placed in a sealed container containing HCl in a vacuum or nitrogen atmosphere and then heated up to 200 °C for up to 30 minutes (Chemguide, 2011). Table 2.3 shows the effects of acid hydrolysis on various amino acids (Iowa State University, 2011).

Table 2.3: Acid hydrolysis effects on various amino acids (Iowa State University, 2011)
	Amino acid
	Effect of acid hydrolysis

	Valine and isoleucine
	Bonds are not easily broken.

	Threonine and serine
	Slowly destroyed by acid hydrolysis. Serine is a common contaminant.

	Methionine
	Partially oxidized during acid hydrolysis.

	Asparagine and glutamine
	Converted to aspartic acid and glutamic acid.

	Tryptophan
	Completely destroyed by acid hydrolysis.

	Cystine
	Destroyed by acid hydrolysis.


2.7.3.7 Pre-column derivatization
Most amino acids cannot be detected by HPLC unless they have been derivatized, as they do not contain chromophores. Cystine neither fluoresces nor absorbs strongly in the UV-visible region. If HPLC-UV is used for quantification of cystine, derivatization is needed. To improve the sensitivity and accuracy of cystine analysis with UV, the derivatization conditions such as temperature, time, pH and concentration of the derivatizing agent are optimized. Different temperatures and reaction times are examined to find the optimum conditions for derivatization (Wang, 2007). 

A large number of reagents has been used in pre-column derivatization of amino acids for fluorescence or UV detection. These are mostly electrophiles that can react with the free α-amino group of the amino acid. These include o-phthalaldehyde (OPA) (Roth and Hampai, 1973), 2,4-dinitrofluorobenzene (Reavis and Contario, 1984), 5-dimethylaminonaphthalene-1-sulfonyl (dansyl) chloride (Marquez et al., 1986), 4-chloro-7-nitrobenzo-2-oxa-1,3-diazole (NBD-Cl) (Jones et al., 1986), and phenylisothiocyanate (PITC) (Cohen and Strydom, 1988). 
Using phenylisothiocyanate (PITC) as the reagent, detection limits under 1 pmol can be routinely achieved, allowing the analysis of sub microgram protein samples. Analysis times as short as 10 minutes for samples after hydrolysis and 1 hour for physiological samples are possible. Accurate, reproducible quantitation of amino acids can be obtained from complex matrices such as plasma, urine, feed and food samples. The formation of PTC derivatives from the reaction with PITC is illustrated in equation 4 below.

                                      R                                         S            R

              N=C=S    +   NH2—CH--COOH                   NH--C—NH--CH—COOH……….eq. 4   
     PITC                      amino acid                            PTC-amino acid
The phenylthiocarbamyl (PTC) amino acids formed during this procedure can be detected with high sensitivity at 254 nm following separation of the derivatives by reverse phase chromatography. Formation of PTC derivatives in this way constitutes the initial step of the three-step-sequential Edman degradation process, the major means of determining the primary structure of peptides and proteins.

As expected, only cystine and lysine react with two PITC molecules. Under mild conditions, the reaction is essentially complete in less than 10 minutes, and, because the reagent is volatile, a large excess can be used. This excess can be readily removed under reduced pressure. Thus, only small, easily separated reagent-related components remain, and reagent interference is minimal (Cohen and Strydom, 1988).

In this study, phenylisothiocyanate (PITC) is reacted with the amino acids to produce phenylthiocarbamyl (PTC) amino acid derivatives. A standard solution containing a known amount of 17 amino acids is also loaded and derivatized. This is used to generate a calibration file that can be used to determine the amino acid content of the sample. Following derivatization, a methanol solution containing the PTC-amino acids is transferred to a narrow bore HPLC system for separation (Iowa State University, 2011). 

Coupling solvents, reagent, and some by-products are removed by rotary evaporation under high vacuum, and the phenylthiocarbamyl derivatives are dissolved in 0.05 M ammonium acetate, pH 6.8, for injection onto the octyl or octadecylsilyl reverse-phase column (Heinrikson and Meredith, 1984).
Columns are equilibrated with the same solvent and the effluent stream is monitored continuously at 254 nm for detection of the amino acid derivatives. Elution of all of the phenylthiocarbamyl amino acids is achieved in about 30 minutes utilizing gradients of increasing concentrations of ammonium acetate and acetonitrile or methanol (Heinrikson and Meredith, 1984). 
This approach to amino acid analysis offers select advantages, both with respect to methods which employ reverse-phase separation of prederivatized samples and to the classical ion-exchange procedure. All amino acids are converted quantitatively to phenylthiocarbamyl compounds and these are stable enough to eliminate any need for in-line derivatization. Furthermore, results comparable in sensitivity and precision to those obtained by state-of-the-art ion-exchange analyzers may be generated with equipment that need not be dedicated to a single application (Heinrikson and Meredith, 1984).
2.7.4 Electron microscopy

2.7.4.1 Introduction

The electron microscope is known to be an integral part of many laboratories. Researchers can use it to examine biological materials (such as micro-organisms and cells), a variety of large molecules, medical biopsy samples, metals and crystalline structures, and the characteristics of various surfaces (John Innes Centre, 2011). 
Scanning Electron Microscopy is a type of microscope that uses a beam of electrons to create an image of the specimen. It is capable of much higher magnifications and has a greater resolving power than a light microscope, allowing it to see much smaller objects in finer detail.

All electron microscopes use electromagnetic and / or electrostatic lenses to control the path of electrons. Glass lenses, used in light microscopes, have no effect on the electron beam. The basic design of an electromagnetic lens is a solenoid (a coil of wire around the outside of a tube) through which one can pass a current, thereby inducing an electromagnetic field. The electron beam passes through the centre of such solenoids on its way down the column of the electron microscope towards the sample (John Innes Centre, 2011). 
Electrons are very sensitive to magnetic fields and can therefore be controlled by changing the current through the lenses. The faster the electrons travel, the shorter their wavelength. The resolving power of a microscope is directly related to the wavelength of the irradiation used to form an image. Reducing wavelength increases resolution. Therefore, the resolution of the microscope is increased if the accelerating voltage of the electron beam is increased. The accelerating voltage of the beam is quoted in kilovolts (kV) (John Innes Centre, 2011).
The original form of electron microscopy, Transmission Electron Microscopy (TEM) involves a high voltage electron beam emitted by a cathode and formed by magnetic lenses. The electron beam that has been partially transmitted through the very thin (and so semitransparent for electrons) specimen carries information about the structure of the specimen. The spatial variation in this information (the “image”) is then magnified by a series of magnetic lenses until it is recorded by hitting a fluorescent screen, photographic plate, or light sensitive sensor such as a CCD (charge-coupled device) camera. The image detected by the CCD may be displayed in real time on a monitor or computer. TEM produce two-dimensional, black and white images (John Innes Centre, 2011).

Unlike the TEM, where the electrons in the primary beam are transmitted through the sample, the Scanning Electron Microscope (SEM) produces images by detecting secondary electrons which are emitted from the surface due to excitation by the primary electron beam. In the SEM, the electron beam is scanned across the surface of the sample in a raster pattern, with detectors building up an image by mapping the detected signals with beam position.

Because the SEM image relies on electron interactions at the surface rather than transmission, it is able to image bulk samples and has a much greater depth of view, and so can produce images that are good representation of the 3D structure of the sample. SEM images are therefore considered to provide us with 3D, topographical information about the sample surface but will still always be only in black and white (John Innes Centre, 2011).
2.7.4.2 Applications of electron microscopy to the study of hair morphology

Ferguson et al (2000) used SEM and TEM to study the hair morphology of black African, Asian and Caucasian volunteers. The light and SEM confirmed the intertwining of the hairs and the presence of numerous knots and complete or partial breaks in the shaft of black Africans compared to the hair of the Caucasians of Asians volunteers. TEM was used to identify the distribution of the sulphur (cystine)-rich proteins. When cross sections of the hairs were examined by TEM, it was observed that the cuticular cells exhibited the same silver staining as that seen in other ethnic groups with an electron dense A layer and exocuticle and electron lucent endocuticle.  
Cuticular scales on hair from 52 mammalian species were studied by SEM (Short, 1978); an attempt was made to use the data for the identification of different species. Other workers (Kilic et al., 2004; Kempson and Skinner, 2006) have reported the use of SEM for the analysis of elemental content of hair. Figure 2.4 illustrates the damage that can be caused to the hair shaft due to the application of relaxers.
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Figure 2.4: Healthy hair shaft and chemically damaged hair shaft (Hair transplant institute.com, 2010)
In the clinical method, the approach of a half head testing was chosen so that we were able to test two types of relaxers on one subject’s head. The HPLC technique using the Pico-tag method was chosen because of its popularity on amino acid analysis over the past three decades. The scanning electron microscopy technique was chosen because it is known to be the best method in examination of biological materials, giving us finer detail on smaller objects.
CHAPTER 3

MATERIALS AND METHODS
3.1 Introduction

This work was divided into two sections. The first section was the clinical study and the second section was the amino acid analysis by Reversed-Phase High Performance Liquid Chromatography (RP-HPLC) based on the Pico-Tag method.
3.2 Clinical study (Method 1)
3.2.1 Introduction

The clinical study was conducted according to internationally recognized Good Clinical Practice Guidelines. Permission to conduct the study was covered under the protocol approval for project BP14/2006 of the Medunsa Research Ethics Committee (MREC) of the Medunsa Campus, University of Limpopo. This was a randomized, single-blind, half-head study. The study included application of the test products to matched half-heads of hair.  
3.2.2 Reagents (test products)

The test products were obtained from AMKA.

· Product A = Lye relaxer (Sodium Hydroxide base)

· Product B = no-Lye relaxer (Guanidine hydroxide base)

· “Perfect Choice” Neutralising Shampoo

· Normal shampoo

3.2.3 Subjects
Approximately eight subjects were recruited and five subjects were enrolled for the study, all whom were healthy black South African origin females. The study evaluated two products. Changes in hair quality served as the basis for evaluation. All subjects completed a Health Questionnaire form as well as a Subject Information and Consent form. (see Appendix A).
3.2.4 Inclusion Criteria
All subjects had to:

1. Be females between 18 – 65 years of age.

2. Be in good general health (self-reported).

3. At enrolment, have virgin soft hair that mimics infant hair or at least 4cm of (extended) outgrowth.

4. Have no marked hair loss.

5. Be willing and able to read and sign an Informed Consent Form (see appendix A) and to carry out all the procedures of the study.

6. Be able to read and understand study questionnaires written in English.

3.2.5 Exclusion Criteria
The subjects must not:

1. Have participated in any clinical or consumer research study in the previous six weeks.

2. Have used any colour/highlighter/bleach on their hair within two weeks prior to the study.

3. Have any open sores or irritation on the scalp.

4. Be experiencing patchy or unusual hair loss.

5. Have any current skin conditions such as dermatitis, psoriasis, eczema.

6. Be currently using any medication on a regular basis such as anti-histamines, insulin, anti-inflammatory agents, steroids, corticosteroids, and aspirin.

7. Be receiving medication for any skin condition on any part of the body.

8. Be on any other medication which may affect the outcome of the study or affect the skin condition in some way.

9. Be pregnant, lactating or planning pregnancy (as determined by interview).

10. Have any scalp condition otherwise unsuitable for treatment in the opinion of the Investigator or clinician.
3.2.6 Product Application
All subjects received a baseline treatment of hair wash with a normal shampoo. Approximately 50 strands of hair were sampled from each subject. Subjects were instructed not to apply any of their own hair products for the duration of the study. Hair was parted centrally from brow to nape of neck by the investigator. Application of the relaxer was performed by the investigator three days after the baseline treatment (wash). Half-head application of the relaxer was carried out according to the randomisation list shown in Table 3.1.
Table 3.1: Randomisation list
	Subject #
	Right
	Left

	1
	A
	B

	2
	A
	B

	3
	B
	A

	4
	A
	B

	5
	B
	A


The relaxer was left on for 20 minutes unless the subject complained of irritation and then it was washed off using the neutralising shampoo. The amount of approximately 50 strands of hair was sampled from the side treated with the lye relaxer and from the side treated with the no-lye relaxer of each subject.
3.2.7 Visual Assessments
Initial visual assessments were made prior to the beginning of the study to ensure that all subjects had virgin soft hair that mimics infant hair or at least two centimeters (extended) outgrowth, if hair was relaxed or was in dreadlocks. Hair self-assessments by the subjects (subjective) were performed in accordance with the questionnaires shown in Appendix D. Researcher assessments by the investigator (objective) were performed in accordance with the questionnaires shown in Appendix C. Visual hair assessments were conducted using daylight. Assessments were performed as part of the pre-qualification process as well as before and after treatment with test products. Assessments were performed on straightness, softness, shine, dryness, damage, tingling, hair volume and length. 
3.3 RP-HPLC amino acid analysis: Dns-Cl Method (Method 2) (Wang  et al., 2007)
3.3.1 Introduction
Most amino acids (e.g. Cystine) need to be derivatized first before they can be injected into the HPLC system because they lack chromophores. Amino acids are usually run with a fluorescence detector (Rieck, 1997). There was no fluorescence detector available in my institution (Medunsa Campus) at the time of this research. The analysis was therefore based on methods using UV detection. The first HPLC method attempted (Method 2)  was based on a paper by Wang et al (2007) which describes a method which uses conventional UV detection after derivatization with Dansyl-Chloride (Dns-Cl).
3.3.2 Reagents

Dansyl chloride and Cystine were obtained from Rochelle Chemicals and Lab Equipment C.C, Johannesburg, South Africa (SA). Norvaline (internal standard), water for chromatography, oxalic acid and methanol were obtained from Merck Chemicals (Pty) Ltd, Johannesburg, SA . Potassium hydroxide was obtained from BDH Chemicals Ltd, East Yorkshire, UK. Sodium acetate was obtained from SAARCHEM Pty Ltd, Krugersdorp, SA.
3.3.3 Instrumentation

Chromatography was performed with a Shimadzu HPLC instrument, Pretoria, SA. It consisted of a LC-10ADVP Liquid chromatograph with a SCL-10AVP System controller, SIL-10ADVP Auto sampler, SPD-M10AVP Diode array detector, and CTO-10ASVP Column oven.

3.3.4 Method 
3.3.4.1 Derivatization of the standards 

An aqueous Cystine stock solution of 1 g/l was prepared by first dissolving 10 mg of Cystine in 160 µl (0.16 ml) of 5 M Potassium hydroxide, because of its low solubility in acidic and neutral media. The solution was then diluted to 10 ml with distilled water. The stock solution was diluted with distilled water to standard solutions of 1 mg/l, 10 mg/l, 200 mg/l, 300 mg/l and 500 mg/l concentrations. Dns-Cl solution was prepared by dissolving 200 mg in 10 ml methanol. After addition of 250 µl of 20 g/l Dns-Cl to the standard solutions, the solutions were vortex mixed for 30 seconds and reacted in the dark at 80 ᵒC in a water bath for 30 minutes. 

3.3.4.2 Chromatographic conditions for HPLC separation
A Supelco Hypurity Advanced C18 column (150 mm X 4.6 mm) was used, with particle size of 5 µm; spherical particle shape; pore size of 190 Å; 8 % carbon load; end-capped. The sample injection volume was 20 µl. The mobile phase was 35:65 (v/v) 0.05 M sodium acetate: methanol adjusted to pH 3.5 with 2.5 M oxalic acid pumped at a flow rate of 1.0 ml/min. The UV detector was operated at 286 nm. The analysis was conducted in isocratic mode at room temperature.
3.4 RP-HPLC amino acid analysis: PITC Method (Method 3)
3.4.1 Introduction
Methods using PITC derivatization for UV detection have been gaining popularity over the past three decades or so. The highly UV-absorbing phenylthiocarbamyl (PTC) derivatives can be detected at the 1 pmole level. This method was developed by researchers at Waters Chromatography Division of Millipore (Bidlingmeyer et al., 1984) and has come to be known as the Pico-Tag method. The analytical procedure used in this study was based on a Pico-Tag technique of pre-column PITC derivatization of the amino acid hydrolysates followed by RP-HPLC separation of the PTC amino acids and detection by UV absorbance.    

3.4.2 Reagents

All reagents used were of analytical grade. Acetonitrile, triethylamine (TEA), sodium acetate, glacial acetic acid, hydrochloric acid, phenylisothiocyanate (PITC), ethanol and L-α-amino-n-butyric acid were obtained from Sigma-Aldrich (Johannesburg, SA). Ultrapure water was supplied by a Milli-Q purification system (Millipore, Bedford, MA, USA).
Amino acid standard H from Pierce (Prod no. 20088) was obtained from Waters (Milford, MA, USA) through the local Suppliers, Separations (Johannesburg, SA). It is a quantitative mixture of 17 free amino acids each supplied at a concentration of 2.5 µmol/mL of 0.1 N HCl, for use as a high-purity calibration standard for HPLC analysis of protein hydrolysates. It includes L-Alanine, L-Arginine, L-Aspartic acid, L-Cystine, L-Glutamic acid, L-Glycine, L-Histidine, L-Isoleucine, L-Leucine, L-Lysine, L-Methionine, L-Phenylalanine, L-Proline, L-Serine, L-Threonine, L-Tyrosine and L-Valine. To permit standardization of microbiological and other assays, the mixture uses only the L-form configuration of each amino acid. The molar concentration of each standard is verified by conventional amino acid analysis methods (Piercenet, 2011).  
3.4.3 Instrumentation
A Waters Breeze HPLC system with Empower 3 Chromatography Data Software (Waters, Millipore Corp., Milford, MA, USA) was used for the amino acid analysis. Figure 3.1 below is an image of the instrument.
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Figure 3.1: Waters Breeze HPLC system.
3.4.4 Method

The methodology used for the amino acid analysis involved four steps:
· Hydrolysis (Pico-Tag method)
· Derivatization

· HPLC separation

· Data interpretation and calculations

3.4.4.1 Hydrolysis

The Pico-Tag HPLC system includes a Workstation for performing hydrolysis. Stock solutions containing 1.0 mg/ml were prepared by dissolving 10 mg hair samples (in duplicate) in 10 ml of 0.1 M HCl. Volumes corresponding to 5.0 µg were pipetted into 50 × 6 mm hydrolysis tubes. The tubes were placed in a vacuum vial, the vial was attached to the Workstation manifold and the samples were dried under vacuum. After drying, 200 µL of 6 M HCl were placed at the bottom of the vial, the vial was sealed, and the samples were hydrolysed with the acid vapours at 110 °C for 24 h. After hydrolysis the samples were dried under vacuum.   
3.4.4.2 Derivatization

50 µl solution of PITC in ethanol were added to the dried samples and the mixtures were allowed to react in the sealed vacuum vial for 20 minutes at room temperature to produce PTC amino acids. 
3.4.4.3 Chromatographic conditions for HPLC separation
A Pico-Tag column (Waters, Millipore Corp., Milford, MA): C18 bonded phase, reverse phase mode, 3.9 mm x 150 mm, silica particle size 4 µm, pore size 60 Å, was used for the separations. The column temperature was controlled at 45 ± 1 °C. The sample injection volume was 20 µl and the flow rate was 1.5 ml/min. The solvent system consisted of two eluents. A, 50 mM sodium acetate aqueous buffer pH 5.45, and B, 60: 40 acetonitrile: water. The program was run using a gradient of A and B with an initial 12 % B and ending with 53 % B after 10 minutes. All the amino acids eluted in less than 10 minutes. After this, a washing step was programmed to 100 % B so that any residual sample components would be cleaned from the column. The analytes were detected at 254 nm using a UV absorbance detector. 
3.4.4.4 Data interpretation and calculations
Chromatographic peak areas were identified and quantitated using the Empower 3 Software that is loaded on the HPLC system. A calibration file was prepared from the average values of the retention times (in minutes) and peak areas (in absorbance units, AU) of the amino acids in 10 standard runs. Since a known amount of each amino acid was loaded onto the system, a response factor (AU/pmol) could be calculated for each amino acid. This response factor was combined with data obtained from the sample runs and further manipulated to yield the amount (g/100 g hair) of each bound amino acid in the original sample. Differences in amino acid levels between groups of samples were assessed for statistical significance by means of the paired student’s t-test to calculate p-values. 

3.4.5 Quality control
An internal standard is usually required in quantitative HPLC analysis to minimise between-run variability. In this study, L-α-amino-n-butyric acid (AAB, CH3CH2CH(NH2)COOH) was used as an internal standard. AAB was considered a good choice because it does not occur naturally in proteins, it is stable to acid hydrolysis, and can be baseline-resolved from the protein amino acids in HPLC. AAB was added in equal amounts to the standard and the samples before analysis. Samples were analysed in duplicate.
Recovery tests were performed by spiking 5 ml hair stock solutions with 1 ml of 200 µg/l L-cystine. The spiked samples were processed and analysed as described above and the cystine recovery was determined.

 A Bipea (French for International Bureau of Analytical Studies) proficiency sample (for poultry feed) was included with each set of samples as a control. This sample passed a Bipea administered proficiency testing scheme in 1970 in which an average of 11 analytical laboratories per country from 7 countries participated (Bipea, 2011). A CRM (certified reference material) for hair amino acid analysis was not obtainable.
3.5 Electron microscopy (Method 4)

Hair samples for scanning electron microscopy (SEM) were directly mounted on conductive carbon adhesive tabs placed on 13 mm aluminium stubs (Electron Microscopy Sciences, USA). The specimens were thereafter coated with a thin layer (4 nm) of Tungsten (W) by means of a Q150 TS high vacuum coating unit for conductivity (Quorum Technologies, USA). The surface morphologies of five strands of each hair sample were investigated by using a Zeiss Supra 55 Variable Pressure Field Emission Scanning Electron Microscope at an accelerating voltage of 2kV (Zeiss 55VP FE-SEM, Germany). All digital micrographs were saved in TIFF format.

CHAPTER 4
RESULTS AND DISCUSSION
4.1 Clinical study
All subjects attended all the scheduled visits (briefing session, wash and treatment). There were no adverse events during the treatment in the study.

Data were collected on the day of the treatment. Data were entered into Excel spreadsheets. The questionnaires used for the researcher and subject self-assessments appear as Appendices C and D. 

There was no erythema detected in the study on any subject. 
In this study both lye and no-lye relaxer types were tested separately, the claimed relative safety of no-lye relaxers was elucidated with a chemical processing done under controlled conditions.

Table 4.1 (a - i) below represents the data collected by the researcher using the assessment questionnaires (see Appendices C and D). Table 4.1 (a, b and f) below show that the performance of the lye relaxer and the no-lye relaxer was the same in terms of the length, damage and split-ends of the hair after treatment. Table 4.1 (c, d, e, g, h and i) below show that the performance of the no-lye relaxer was better than that of the lye relaxer in terms of straightness, softness, shininess, volume, dryness and wash-off time of the hair after treatment.
Table 4.1: Researcher assessment results by parameter

(a) Length (cm)
	Subject #
	Product A / Lye
	Product B / No-Lye
	
	
	
	

	
	Before
	After
	Before
	After
	
	
	
	
	
	

	1
	5
	5.5
	5
	5.5
	
	
	
	
	
	

	2
	5.5
	6
	5.5
	6
	
	
	
	
	
	

	3
	11
	13
	11
	13
	
	
	
	
	
	

	4
	9.5
	10
	9.5
	10
	
	
	
	
	
	

	5
	13
	14
	13
	15
	
	
	
	
	
	

	Total
	44
	48.5
	44
	49.5
	
	
	
	
	
	

	Mean
	8.8
	9.7
	8.8
	9.9
	
	
	
	
	
	

	Std dev.
	3.5
	3.9
	3.5
	4.2
	
	
	
	
	
	

	(b) Damage

	Subject #
	Product A / Lye
	Product B / No-Lye
	
	
	
	
	
	

	
	Before
	After
	Before
	After
	
	
	
	
	
	

	1
	4
	5
	4
	5
	
	
	
	
	
	

	2
	5
	5
	5
	5
	
	
	
	
	
	

	3
	4
	5
	4
	5
	
	
	
	
	
	

	4
	5
	5
	5
	5
	
	
	
	
	
	

	5
	4
	5
	4
	5
	
	
	
	
	
	

	Total
	22
	25
	22
	25
	
	
	
	
	
	

	Mean
	4.4
	5
	4.4
	5
	
	
	
	
	
	

	Std dev.
	0.5
	0.0
	0.5
	0.0
	
	
	
	
	
	

	Scale
	
	
	
	
	
	
	
	
	
	

	Not damaged
	5
	
	
	
	
	
	
	
	
	

	Slightly damaged
	4
	
	
	
	
	
	
	
	
	

	Moderately damaged
	3
	
	
	
	
	
	
	
	
	

	Highly damaged
	2
	
	
	
	
	
	
	
	
	

	Extremely damaged
	1
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	 (c) Straightness

	Subject #
	Product A / Lye
	Product B / No-Lye
	
	
	
	

	
	Before
	After
	Before
	After
	
	
	
	
	
	

	1
	1
	3
	1
	4
	
	
	
	
	
	

	2
	1
	2
	1
	4
	
	
	
	
	
	

	3
	2
	3
	2
	4
	
	
	
	
	
	

	4
	2
	3
	2
	4
	
	
	
	
	
	

	5
	2
	4
	2
	4
	
	
	
	
	
	

	Total
	8
	15
	8
	20
	
	
	
	
	
	

	Mean
	1.6
	3
	1.6
	4
	
	
	
	
	
	

	Std dev.
	0.5
	0.7
	0.5
	0.0
	
	
	
	
	
	

	Scale
	
	
	
	
	
	
	
	
	
	

	Very straight
	4
	
	
	
	
	
	
	
	
	

	Moderately straight
	3
	
	
	
	
	
	
	
	
	

	Slightly straight
	2
	
	
	
	
	
	
	
	
	

	Not straight
	1
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	(d) Softness

	Subject #
	Product A / Lye
	Product B / No-Lye
	
	
	
	
	
	

	
	Before
	After
	Before
	After
	
	
	
	
	
	

	1
	1
	2
	1
	3
	
	
	
	
	
	

	2
	1
	2
	1
	3
	
	
	
	
	
	

	3
	2
	2
	2
	3
	
	
	
	
	
	

	4
	1
	2
	1
	2
	
	
	
	
	
	

	5
	1
	3
	1
	3
	
	
	
	
	
	

	Total
	6
	11
	6
	14
	
	
	
	
	
	

	Mean
	1.2
	2.2
	1.2
	2.8
	
	
	
	
	
	

	Std dev.
	0.4
	0.4
	0.4
	0.4
	
	
	
	
	
	

	Scale
	
	
	
	
	
	
	
	
	
	

	Very soft
	3
	
	
	
	
	
	
	
	
	

	Slightly soft
	2
	
	
	
	
	
	
	
	
	

	Not soft
	1
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	(e) Shininess

	Subject #
	Product A / Lye
	Product B / No-Lye
	
	
	
	

	
	Before
	After
	Before
	After
	
	
	
	
	
	

	1
	1
	2
	1
	3
	
	
	
	
	
	

	2
	1
	1
	1
	3
	
	
	
	
	
	

	3
	2
	2
	2
	3
	
	
	
	
	
	

	4
	1
	2
	1
	3
	
	
	
	
	
	

	5
	1
	3
	1
	2
	
	
	
	
	
	

	Total
	6
	10
	6
	14
	
	
	
	
	
	

	Mean
	1.2
	2
	1.2
	2.8
	
	
	
	
	
	

	Std dev.
	0.4
	0.7
	0.4
	0.4
	
	
	
	
	
	

	Scale
	
	
	
	
	
	
	
	
	
	

	Very shiny
	3
	
	
	
	
	
	
	
	
	

	Slightly shiny
	2
	
	
	
	
	
	
	
	
	

	Not shiny
	1
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	( f) Split ends

	Subject #
	Product A / Lye
	Product B / No-Lye
	
	
	
	
	
	

	
	Before
	After
	Before
	After
	
	
	
	
	
	

	1
	1
	2
	1
	3
	
	
	
	
	
	

	2
	3
	3
	3
	2
	
	
	
	
	
	

	3
	3
	2
	3
	3
	
	
	
	
	
	

	4
	3
	3
	3
	3
	
	
	
	
	
	

	5
	3
	3
	3
	3
	
	
	
	
	
	

	Total
	13
	13
	13
	14
	
	
	
	
	
	

	Mean
	2.6
	2.6
	2.6
	2.8
	
	
	
	
	
	

	Std dev.
	0.9
	0.5
	0.9
	0.4
	
	
	
	
	
	

	Scale
	
	
	
	
	
	
	
	
	
	

	Low
	3
	
	
	
	
	
	
	
	
	

	Moderate
	2
	
	
	
	
	
	
	
	
	

	High
	1
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	(g) Volume

	Subject #
	Product A / Lye
	Product B / No-Lye
	
	
	
	

	
	Before
	After
	Before
	After
	
	
	
	
	
	

	1
	1
	2
	1
	3
	
	
	
	
	
	

	2
	1
	2
	1
	3
	
	
	
	
	
	

	3
	2
	2
	2
	2
	
	
	
	
	
	

	4
	2
	1
	2
	2
	
	
	
	
	
	

	5
	1
	2
	1
	1
	
	
	
	
	
	

	Total
	7
	9
	7
	11
	
	
	
	
	
	

	Mean
	1.4
	1.8
	1.4
	2.2
	
	
	
	
	
	

	Std dev.
	0.5
	0.4
	0.5
	0.8
	
	
	
	
	
	

	Scale
	
	
	
	
	
	
	
	
	
	

	Sparse/Flat
	3
	
	
	
	
	
	
	
	
	

	Medium
	2
	
	
	
	
	
	
	
	
	

	Thick
	1
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	(h) Dryness

	Subject #
	Product A / Lye
	Product B / No-Lye
	
	
	
	
	
	

	
	Before
	After
	Before
	After
	
	
	
	
	
	

	1
	2
	2
	2
	2
	
	
	
	
	
	

	2
	2
	2
	2
	3
	
	
	
	
	
	

	3
	2
	2
	2
	3
	
	
	
	
	
	

	4
	2
	2
	2
	2
	
	
	
	
	
	

	5
	2
	2
	2
	2
	
	
	
	
	
	

	Total
	10
	10
	10
	12
	
	
	
	
	
	

	Mean
	2
	2
	2
	2.4
	
	
	
	
	
	

	Std dev.
	0.0
	0.0
	0.0
	0.5
	
	
	
	
	
	

	Scale
	
	
	
	
	
	
	
	
	
	

	Oily
	4
	
	
	
	
	
	
	
	
	

	Normal
	3
	
	
	
	
	
	
	
	
	

	Dry
	2
	
	
	
	
	
	
	
	
	

	Very dry
	1
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	(i) Wash-off time (minutes)

	Subject #
	Product A / Lye
	Product B / No-Lye
	
	
	
	
	
	

	
	Before
	After
	Before
	After
	
	
	
	
	
	

	1
	0
	8
	0
	9
	
	
	
	
	
	

	2
	0
	9
	0
	10
	
	
	
	
	
	

	3
	0
	15
	0
	17
	
	
	
	
	
	

	4
	0
	15
	0
	15
	
	
	
	
	
	

	5
	0
	20
	0
	20
	
	
	
	
	
	

	Mean
	0
	13.4
	0
	14.2
	
	
	
	
	
	

	Std dev.
	0.0
	4.9
	0.0
	4.7
	
	
	
	
	
	


Table 4.2 (a - h) below represents the data collected by the subject using the assessment questionnaires (see Appendices C and D). Table 4.2 (a, b, d, e, f and g) below show that the performance of the lye relaxer and the no-lye relaxer was the same in terms of the length, damage, softness, shininess, volume and hair condition of the hair after treatment. Table 4.2 (c) below show that the performance of the no-lye relaxer was better than that of the lye relaxer in terms of straightness of the hair after treatment.
Table 4.2: Subject self-assessment results by parameter

	
	
	
	
	
	
	
	
	
	
	

	(a) Length (cm)

	Subject #
	Product A / Lye
	Product B / No-Lye
	
	
	
	

	
	Before
	After
	Before
	After
	
	
	
	
	
	

	1
	5
	6
	5
	6
	
	
	
	
	
	

	2
	5
	6
	5
	6
	
	
	
	
	
	

	3
	11
	13
	11
	13
	
	
	
	
	
	

	4
	10
	10
	10
	10
	
	
	
	
	
	

	5
	13
	15
	13
	14
	
	
	
	
	
	

	Total
	44
	50
	44
	49
	
	
	
	
	
	

	Mean
	8.8
	10
	8.8
	9.8
	
	
	
	
	
	

	Std dev.
	3.6
	4.1
	3.6
	3.8
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	(b) Damage

	Subject #
	Product A / Lye
	Product B / No-Lye
	
	
	
	
	
	

	
	Before
	After
	Before
	After
	
	
	
	
	
	

	1
	4
	5
	4
	5
	
	
	
	
	
	

	2
	5
	5
	5
	5
	
	
	
	
	
	

	3
	5
	5
	5
	5
	
	
	
	
	
	

	4
	5
	5
	5
	5
	
	
	
	
	
	

	5
	5
	5
	5
	5
	
	
	
	
	
	

	Total
	24
	25
	24
	25
	
	
	
	
	
	

	Mean
	4.8
	5
	4.8
	5
	
	
	
	
	
	

	Std dev.
	0.4
	0.0
	0.4
	0.0
	
	
	
	
	
	

	Scale
	
	
	
	
	
	
	
	
	
	

	Not damaged
	5
	
	
	
	
	
	
	
	
	

	Slightly damaged
	4
	
	
	
	
	
	
	
	
	

	Moderately damaged
	3
	
	
	
	
	
	
	
	
	

	Highly damaged
	2
	
	
	
	
	
	
	
	
	

	Extremely damaged
	1
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	(c) Straightness

	Subject #
	Product A / Lye
	Product B / No-Lye
	
	
	
	

	
	Before
	After
	Before
	After
	
	
	
	
	
	

	1
	2
	3
	2
	3
	
	
	
	
	
	

	2
	2
	2
	2
	3
	
	
	
	
	
	

	3
	4
	4
	4
	4
	
	
	
	
	
	

	4
	4
	4
	4
	4
	
	
	
	
	
	

	5
	3
	4
	3
	4
	
	
	
	
	
	

	Total
	15
	17
	15
	18
	
	
	
	
	
	

	Mean
	3
	3.4
	3
	3.6
	
	
	
	
	
	

	Std dev.
	1.0
	0.9
	1.0
	0.5
	
	
	
	
	
	

	Scale
	
	
	
	
	
	
	
	
	
	

	Very straight
	4
	
	
	
	
	
	
	
	
	

	Moderately straight
	3
	
	
	
	
	
	
	
	
	

	Slightly straight
	2
	
	
	
	
	
	
	
	
	

	Not straight
	1
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	(d) Softness

	Subject #
	Product A / Lye
	Product B / No-Lye
	
	
	
	
	
	

	
	Before
	After
	Before
	After
	
	
	
	
	
	

	1
	2
	2
	2
	2
	
	
	
	
	
	

	2
	2
	2
	2
	3
	
	
	
	
	
	

	3
	1
	3
	1
	3
	
	
	
	
	
	

	4
	3
	3
	3
	3
	
	
	
	
	
	

	5
	2
	3
	2
	3
	
	
	
	
	
	

	Total
	10
	13
	10
	14
	
	
	
	
	
	

	Mean
	2
	2.6
	2
	2.8
	
	
	
	
	
	

	Std dev.
	0.7
	0.5
	0.7
	0.4
	
	
	
	
	
	

	Scale
	
	
	
	
	
	
	
	
	
	

	Very soft
	3
	
	
	
	
	
	
	
	
	

	Slightly soft
	2
	
	
	
	
	
	
	
	
	

	Not soft
	1
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	(e) Shininess

	Subject #
	Product A / Lye
	Product B / No-Lye
	
	
	
	

	
	Before
	After
	Before
	After
	
	
	
	
	
	

	1
	2
	2
	2
	2
	
	
	
	
	
	

	2
	2
	2
	2
	2
	
	
	
	
	
	

	3
	2
	3
	2
	3
	
	
	
	
	
	

	4
	3
	3
	3
	3
	
	
	
	
	
	

	5
	3
	3
	3
	3
	
	
	
	
	
	

	Total
	12
	13
	12
	13
	
	
	
	
	
	

	Mean
	2.4
	2.6
	2.4
	2.6
	
	
	
	
	
	

	Std dev.
	0.5
	0.5
	0.5
	0.5
	
	
	
	
	
	

	Scale
	
	
	
	
	
	
	
	
	
	

	Very shiny
	3
	
	
	
	
	
	
	
	
	

	Slightly shiny
	2
	
	
	
	
	
	
	
	
	

	Not shiny
	1
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	(f) Volume

	Subject #
	Product A / Lye
	Product B / No-Lye
	
	
	
	
	
	

	
	Before
	After
	Before
	After
	
	
	
	
	
	

	1
	1
	1
	1
	1
	
	
	
	
	
	

	2
	2
	2
	2
	2
	
	
	
	
	
	

	3
	1
	3
	1
	1
	
	
	
	
	
	

	4
	1
	1
	1
	1
	
	
	
	
	
	

	5
	1
	2
	1
	2
	
	
	
	
	
	

	Total
	6
	9
	6
	7
	
	
	
	
	
	

	Mean
	1.2
	1.8
	1.2
	1.4
	
	
	
	
	
	

	Std dev.
	0.4
	0.8
	0.4
	0.5
	
	
	
	
	
	

	Scale
	
	
	
	
	
	
	
	
	
	

	Sparse
	3
	
	
	
	
	
	
	
	
	

	Medium
	2
	
	
	
	
	
	
	
	
	

	Thick
	1
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	(g) Hair condition

	Subject #
	Product A / Lye
	Product B / No-Lye
	
	
	
	

	
	Before
	After
	Before
	After
	
	
	
	
	
	

	1
	1
	4
	1
	4
	
	
	
	
	
	

	2
	2
	2
	2
	4
	
	
	
	
	
	

	3
	3
	4
	3
	4
	
	
	
	
	
	

	4
	4
	4
	4
	4
	
	
	
	
	
	

	5
	4
	4
	4
	4
	
	
	
	
	
	

	Total
	14
	18
	14
	20
	
	
	
	
	
	

	Mean
	2.8
	3.6
	2.8
	4
	
	
	
	
	
	

	Std dev.
	1.3
	0.9
	1.3
	0.0
	
	
	
	
	
	

	Scale
	
	
	
	
	
	
	
	
	
	

	Excellent
	4
	
	
	
	
	
	
	
	
	

	Good
	3
	
	
	
	
	
	
	
	
	

	Normal
	2
	
	
	
	
	
	
	
	
	

	Bad
	1
	
	
	
	
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	(h) Tingling

	Subject #
	Product A / Lye
	Product B / No-Lye

	
	Tingling (minutes)
	Wash-off (minutes)
	Tingling (minutes)
	Wash-off (minutes)

	1
	3
	8
	5
	9

	2
	5
	9
	10
	10

	3
	10
	15
	15
	17

	4
	Not appl. 
	15
	Not appl. 
	15

	5
	15
	20
	Not appl. 
	20

	Total who felt tingling
	4
	 
	3
	 


Table 4.3 below represents the summary of results in Table 4.1 (a) to (i).
Table 4.3: Summary of the results: Researcher assessment

	Parameter
	Researcher assessment

	
	Product A (Lye)
	Product B (No-lye)

	
	Before
	After
	Before
	After

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Length (cm)

	8.8
	3.5
	9.7
	3.9
	8.8
	3.5
	9.9
	4.2

	Damage


	4.4
	0.5
	5.0
	0.0
	4.4
	0.5
	5.0
	0.0

	Straightness
	1.6
	0.5
	3.0
	0.7
	1.6
	0.5
	4.0
	0.0

	Softness


	1.2
	0.4
	2.2
	0.4
	1.2
	0.4
	2.8
	0.4

	Shininess
	1.2
	0.4
	2.0
	0.7
	1.2
	0.4
	2.8
	0.4

	Split ends
	2.6
	0.9
	2.6
	0.5
	2.6
	0.9
	2.8
	0.4

	Volume


	1.4
	0.5
	1.8
	0.4
	1.4
	0.5
	2.2
	0.8

	Dryness
	2.0
	0.0
	2.0
	0.0
	2.0
	0.0
	2.4
	0.5

	Wash-off time
(minutes)
	N/A
	N/A
	13.4
	4.9
	N/A
	N/A
	14.2
	4.7


Table 4.4 below represents the summary of results in Table 4.2 (a) to (h).
Table 4.4: Summary of the results: Subject Self-assessment

	Parameter
	Subject Self-assessment

	
	Product A (Lye)
	Product B (No-lye)

	
	Before
	After
	Before
	After

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Length (cm)

	8.8
	3.6
	10.0
	4.1
	8.8
	3.6
	9.8
	3.8

	Damage


	4.8
	0.4
	5.0
	0.0
	4.8
	0.4
	5.0
	0.0

	Straightness
	3.0
	1.0
	3.4
	0.9
	3.0
	1.0
	3.6
	0.5

	Softness


	2.0
	0.7
	2.6
	0.5
	2.0
	0.7
	2.8
	0.4

	Shininess
	2.4
	0.5
	2.6
	0.5
	2.4
	0.5
	2.6
	0.5

	Volume


	1.2
	0.4
	1.8
	0.8
	1.2
	0.4
	1.4
	0.5

	Hair condition
	2.8
	1.3
	3.6
	0.9
	2.8
	1.3
	4.0
	0.0


The quantitative results above in Table 4.1 are described as qualitative parameters below in Table 4.5 to compare the performance between product A and product B. Table 4.5 represents the summary of performance between product A and product B by researcher assessment. 
Table 4.5: Summary of performance between product A and B (Researcher assessment)
	Parameter
	A
(lye)
	B
(no-lye)
	Performance

	Length
	Slight increase
	Slight increase
	Same performance

	Damage
	Slightly damaged to Not damaged
	Slightly damaged to Not damaged
	Same performance

	Straightness
	Not straight to Moderately straight
	Not straight to Very straight
	B better than A

	Softness
	Not soft to slightly soft
	Not soft to very soft
	B better than A

	Shininess
	Not shiny to slightly shiny
	Not shiny to very shiny
	B better than A

	Split-ends
	Moderate before and after
	Moderate before and after
	Same performance

	Volume
	Thick before and after
	Thick to medium
	B better than A

	Dryness
	Dry before and after
	Dry before and normal after
	B better than A

	Wash-off time
	After 13.4 minutes
	After 14.2 minutes
	B better than A


The summary of the Researcher assessments in Table 4.5 represented the difference in performance between product A and product B. Product B (no-lye) performed better than product A (lye) in terms of straightness, softness, shininess, volume, dryness and wash-off time. The performance for both the products was the same in terms of the length, damage and split-ends.
The quantitative results above in Table 4.2 are describe as qualitative parameters below in Table 4.6 to compare the performance between product A and product B. Table 4.6 represents the summary of performance between product A and product B by subject self-assessment. 
Table 4.6: Summary of performance between product A and B (Subject Self-assessment)

	Parameter
	A (lye)
	B (no-lye)
	Performance

	Length
	Slight increase
	Slight increase
	Same performance

	Damage
	Slightly damaged to Not damaged
	Slightly damaged to Not damaged
	Same performance

	Straightness
	Moderate before and after
	Moderate before and after
	B slightly better than A 

	Softness
	Slightly soft to very soft 
	Slightly soft to very soft
	Same performance

	Shininess
	Slightly shiny to very shiny
	Slightly shiny to very shiny
	Same performance

	Volume
	Thick before and after
	Thick before and after
	Same performance


The summary of the subject self-assessments in Table 4.6 represented the difference in performance between product A and product B. Product B again performed better than product A in terms of the straightness. The performance for both the products was the same in terms of length, damage, softness, shininess and volume. Both the researcher and the subject perceived product B to be better than product A only in terms of the straightness of the hair.
In Figure 4.1 below the hair on the left side of the subject is clearly straighter than the right side of the subject. The left side of the subject was treated with product B (no-lye) and the right side was treated with product A (lye). The straightness of the hair on the left side of the subject confirms the results in Table 4.1 where the researcher observed better performance of product B (no-lye) in terms of straightness.

[image: image6.jpg])




Figure 4.1: Subject #2, hair parted into two sections. After treatment of the right side of the subject with a lye relaxer and the left side of the subject with a no-lye relaxer
4.2 RP-HPLC amino acid analysis: Dns-Cl Method
Chromatographic peaks were not observed for the “derivatized” cystine. Several attempts were made to contact the author (Wang et al, 2007) for help and clarification but there was no response. 
4.3 RP-HPLC amino acid analysis: PITC Method
Below are the chromatograms for subjects #1 and #2, presenting the peaks for the amino acids in the standard, before treatment, after treatment with a lye relaxer and after treatment with a no-lye relaxer.
Figure 4.2 below is the chromatogram obtained for the standard.    

[image: image7.emf]
Figure 4.2: Chromatogram of the standard
Table 4.7: Chromatographic data for the standard
	Protein bound Amino acid
	Peak name
	Retention time(min)
	Area
	% Area
	Height
	Amount (mg/ml)

	Aspartic acid
	Asp
	1.559
	756878
	4.93
	154244
	133.100

	Glutamic acid
	Glu
	1.713
	753231
	4.91
	143411
	147.100

	Serine
	Ser
	3.134
	765732
	4.99
	124933
	105.000

	Glycine
	Gly
	3.400
	748847
	4.88
	132294
	75.000

	Histidine
	His
	3.599
	777733
	5.07
	124978
	155.100

	Arginine
	Arg
	3.944
	792898
	5.17
	175053
	174.200

	Threonine
	Thr
	4.186
	779274
	5.08
	192528
	119.100

	Alanine
	Ala
	4.301
	799826
	5.21
	198919
	89.000

	Proline
	Pro
	4.482
	819483
	5.34
	208.516
	115.100

	Internal standard
	AAB
	5.130
	827289
	5.39
	207579
	103.100

	Tyrosine
	Tyr
	5.553
	865056
	5.64
	209576
	181.100

	Valine
	Val
	6.078
	854054
	5.57
	201688
	117.100

	Cystine
	Cys2
	6.916
	611031
	3.98
	119389
	120.100

	Isoleucine
	Ile
	7.323
	854492
	5.57
	196173
	131.100

	Leucine
	Leu
	7.483
	888086
	5.79
	187531
	131.100

	Phenylalanine
	Phe
	8.227
	828391
	5.40
	178193
	165.100

	Lysine
	Lys
	9.235
	1417430
	9.24
	269528
	146.100


Figure 4.3 below is the chromatogram obtained for subject #1 before the hair was treated with the relaxer.
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Figure 4.3: Chromatogram of hair sample before treatment, subject #1

Table 4.8: Chromatographic data, hair sample of subject #1, before treatment
	Protein bound Amino acid
	Peak name
	Retention time(min)
	Area
	% Area
	Height
	Amount (mg/ml)

	Aspartic acid
	Asp
	1.564
	494779
	4.29
	94141
	4.751

	Glutamic acid
	Glu
	1.719
	1205025
	10.45
	196021
	12.290

	Serine
	Ser
	3.154
	1143766
	9.92
	169125
	8.320

	Glycine
	Gly
	3.424
	588470
	5.10
	93687
	3.110

	Histidine
	His
	3.629
	96990
	0.84
	17090
	1.021

	Arginine
	Arg
	3.973
	663606
	5.75
	143968
	7.835

	Threonine
	Thr
	4.213
	694813
	6.02
	170474
	5.709

	Alanine
	Ala
	4.323
	492130
	4.27
	109819
	2.841

	Proline
	Pro
	4.502
	806456
	6.99
	202065
	6.015

	Internal standard
	AAB
	5.141
	761981
	6.61
	184130
	103.100

	Tyrosine
	Tyr
	5.567
	203818
	1.77
	49779
	2.234

	Valine
	Val
	6.089
	643713
	5.58
	136372
	4.577

	BCystine
	BCys2
	6.719
	376452
	3.26
	74025
	3.905

	Cystine
	Cys2
	6.927
	735778
	6.38
	140750
	7.633

	Isoleucine
	Ile
	7.349
	308158
	2.67
	66808
	2.487

	Leucine
	Leu
	7.506
	652367
	5.66
	142688
	5.169

	Phenylalanine
	Phe
	8.260
	185560
	1.61
	37980
	1.970

	Lysine
	Lys
	9.263
	436335
	3.78
	82163
	2.360


Figure 4.4 below is the chromatogram obtained for subject #1, in the side of the hair treated with the lye relaxer.
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	Figure 4.4: Chromatogram of hair sample after treatment with the lye relaxer, subject #1


Table 4.9: Chromatographic data, hair sample of subject #1, after treatment with the lye relaxer
	Protein bound Amino acid
	Peak name
	Retention time
	Area
	% Area
	Height
	Amount (mg/ml)

	Aspartic acid
	Asp
	1.536
	563570
	4.62
	109701
	5.381

	Glutamic acid
	Glu
	1.686
	1296936
	10.62
	218084
	13.151

	Serine
	Ser
	3.134
	1242204
	10.17
	181069
	8.984

	Glycine
	Gly
	3.407
	635026
	5.20
	99863
	3.336

	Histidine
	His
	3.613
	104817
	0.86
	17810
	1.097

	Arginine
	Arg
	3.965
	713647
	5.84
	158094
	8.377

	Threonine
	Thr
	4.203
	776284
	6.36
	187473
	6.342

	Alanine
	Ala
	4.317
	521560
	4.27
	122488
	2.994

	Proline
	Pro
	4.496
	879179
	7.20
	218103
	6.520

	Internal standard
	AAB
	5.136
	766361
	6.28
	189142
	103.100

	Tyrosine
	Tyr
	5.564
	242504
	1.99
	55821
	2.642

	Valine
	Val
	6.085
	705412
	5.78
	150324
	4.988

	BCystine
	BCys2
	6.717
	235863
	1.93
	46623
	2.433

	Cystine
	Cys2
	6.921
	423911
	3.47
	77528
	4.373

	Isoleucine
	Ile
	7.345
	315455
	2.58
	70589
	2.531

	Leucine
	Leu
	7.502
	705100
	5.77
	155962
	5.555

	Phenylalanine
	Phe
	8.254
	198154
	1.62
	41408
	2.091

	Lysine
	Lys
	9.257
	417238
	3.42
	78908
	2.243

	Figure 4.5 below is the chromatogram obtained for subject #1, in the side of the hair treated with the no-lye relaxer.
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	Figure 4.5: Chromatogram of hair sample after treatment with the no-lye relaxer subject #1


Table 4.10: Chromatographic data, hair sample of subject #1, after treatment with the no-lye relaxer
	Protein bound Amino acid
	Peak name
	Retention time(min)
	Area
	% Area
	Height
	Amount (mg/ml)

	Aspartic acid
	Asp
	1.538
	587741
	4.53
	117099
	5.127

	Glutamic acid
	Glu
	1.687
	1388088
	10.70
	234563
	12.861

	Serine
	Ser
	3.133
	1338116
	10.31
	197120
	8.842

	Glycine
	Gly
	3.405
	693472
	5.35
	107589
	3.329

	Histidine
	His
	3.612
	113695
	0.88
	19745
	1.087

	Arginine
	Arg
	3.965
	781953
	6.03
	166774
	8.387

	Threonine
	Thr
	4.203
	827310
	6.38
	198275
	6.175

	Alanine
	Ala
	4.316
	564051
	4.35
	132522
	2.959

	Proline
	Pro
	4.496
	952750
	7.34
	235353
	6.456

	Internal standard
	AAB
	5.136
	838754
	6.47
	206565
	103.100

	Tyrosine
	Tyr
	5.564
	204134
	1.57
	45289
	2.032

	Valine
	Val
	6.085
	719592
	5.55
	159616
	4.649

	BCystine
	BCys2
	6.716
	162740
	1.25
	30812
	1.534

	Cystine
	Cys2
	6.920
	251677
	1.94
	42910
	2.372

	Isoleucine
	Ile
	7.344
	336672
	2.60
	74342
	2.468

	Leucine
	Leu
	7.501
	755192
	5.82
	167956
	5.436

	Phenylalanine
	Phe
	8.254
	208800
	1.61
	43850
	2.013

	Lysine
	Lys
	9.258
	429091
	3.31
	80651
	2.108

	Figure 4.6 below is the chromatogram obtained for subject #2 before the hair was treated with the relaxer.
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Figure 4.6: Chromatogram of hair sample before treatment, subject #2
Table 4.11: Chromatographic data, hair sample of subject #2, before treatment 
Protein bound Amino acid

Peak name

Retention time

Area

% Area

Height

Amount (mg/ml)
Aspartic acid

Asp

1.538

514049

4.13

105798

5.150

Glutamic acid

Glu

1.687

1269842

10.20

213018

13.514

Serine

Ser

3.133

1238094

9.94

181544

9.397

Glycine

Gly

3.405

656034

5.27

101422

3.617

Histidine

His

3.608

113735

0.91

20029

1.249

Arginine

Arg

3.963

700325

5.62

154899

8.628

Threonine

Thr

4.200

761650

6.12

181597

6.530

Alanine

Ala

4.314

509336

4.09

120852

3.069

Proline

Pro

4.490

868813

6.98

214999

6.762

Internal standard

AAB

5.134

730242

5.86

185144

103.100

Tyrosine

Tyr

5.561

286723

2.30

62967

3.279

Valine

Val

6.083

667552

5.36

146383

4.953

BCystine

BCys2

6.712

297686

2.39

64379

3.223

Cystine

Cys2

6.916

703272

5.65

144990

7.613

Isoleucine

Ile

7.340

310347

2.49

68941

2.614

Leucine

Leu

7.499

710861

5.71

158242

5.877

Phenylalanine

Phe

8.252

200515

1.61

41188

2.221

Lysine

Lys

9.252

527687

4.24

101177

2.978

Figure 4.7 below is the chromatogram obtained for subject #2, in the side of the hair treated with the lye relaxer.
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Figure 4.7: Chromatogram of hair sample after treatment with the lye relaxer, subject #2
Table 4.12: Chromatographic data, hair sample of subject #2, after treatment with the lye relaxer
Protein bound Amino acid

Peak name

Retention time(min)
Area

% Area

Height

Amount (mg/ml)
Aspartic acid

Asp

1.540

329832

4.90

62108

6.096

Glutamic acid

Glu

1.691

721659

10.71

119675

14.166

Serine

Ser

3.135

686649

10.19

102179

9.614

Glycine

Gly

3.406

361640

5.37

56549

3.678

Histidine

His

3.611

61748

0.92

10862

1.251

Arginine

Arg

3.963

404308

6.00

86185

9.188

Threonine

Thr

4.201

426323

6.33

101673

6.742

Alanine

Ala

4.315

289000

4.29

68412

3.212

Proline

Pro

4.491

489117

7.26

120251

7.022

Internal standard

AAB

5.135

395880

5.88

100482

103.100

Tyrosine

Tyr

5.562

101450

1.51

22208

2.140

Valine

Val

6.085

375882

5.58

83388

5.145

BCystine

BCys2

6.715

145964

2.17

29976

2.915

Cystine

Cys2

6.919

277641

4.12

52825

5.544

Isoleucine

Ile

7.344

175591

2.61

38858

2.728

Leucine

Leu

7.501

392903

5.83

88012

5.992

Phenylalanine

Phe

8.253

105436

1.57

22209

2.154

Lysine

Lys

9.254

249581

3.71

48475

2.598

Figure 4.8 below is the chromatogram obtained for subject #2, in the side of the hair treated with the no-lye relaxer.
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Figure 4.8: Chromatogram of hair sample after treatment with the no-lye relaxer subject #2
Table 4.13: Chromatographic data, hair sample of subject #2, after treatment with the no-lye relaxer
Protein bound Amino acid

Peak name

Retention time(min)
Area

% Area

Height

Amount (mg/ml)
Aspartic acid

Asp

1.569

283374

4.26

57482

4.971

Glutamic acid

Glu

1.722

671247

10.08

119035

12.507

Serine

Ser

3.147

658729

9.90

99772

8.754

Glycine

Gly

3.416

342498

5.14

55311

3.306

Histidine

His

3.619

61558

0.92

10672

1.184

Arginine

Arg

3.966

382283

5.74

85369

8.246

Threonine

Thr

4.203

401474

6.03

97392

6.026

Alanine

Ala

4.316

277737

4.17

65852

2.930

Proline

Pro

4.495

468949

7.04

116605

6.390

Internal standard

AAB

5.136

417083

6.27

105840

103.100

Tyrosine

Tyr

5.563

146491

2.20

31339

2.933

Valine

Val

6.086

363806

5.46

79521

4.726

BCystine

BCys2

6.717

97285

1.46

18165

1.844

Cystine

Cys2

6.921

161965

2.43

27624

3.070

Isoleucine

Ile

7.345

169261

2.54

37379

2.496

Leucine

Leu

7.503

387695

5.82

85567

5.612

Phenylalanine

Phe

8.254

105691

1.59

21751

2.049

Lysine

Lys

9.257

218140

3.28

40738

2.155

High cystine percentage recovery values in the range 90 to 115 % were obtained in the spiking experiment; this was taken as validation of the quantitative data. Table 4.14 presents the levels of cystine in the hair samples before treatment and after treatment with the lye relaxer and the no-lye relaxer for subject# 1 to 5. 
Table 4.14: Cystine levels in hair samples before treatment and after treatment with a lye and no-lye relaxers.

Cystine (g/100g) of hair
Subject #1
Subject #2
Subject #3
Subject #4
Subject #5
Before
12.2
11.7
11.0
10.5
8.6
9.6
9.3
8.3
6.9
6.6
Mean
11.9
10.7
9.1
8.7
6.7
Lye
8.8
6.8
8.6
8.5
9.4
10.6
4.0
1.1
4.9
 
Mean
7.8
8.5
9.9
2.5
4.9
No-lye
3.9
 
4.8
 
9.4
7.7
2.9
 
4.7
 
Mean
3.9
4.8
4.0
2.9
4.6
*Each sample was analysed in duplicate
Table 4.15 below presents the range (lowest – highest) of the amount of cystine in hair before treatment, after treatment with a lye relaxer and after treatment with a no-lye relaxer, together with the medians and p-values calculated from the paired student’s t-test. 
Table 4.15: Cystine levels (g/100g hair) in hair samples comparing before treatment (BT) with after treatment with a lye relaxer (L) and after treatment with a no-lye relaxer (N).TT

	
	
	
	

	Treatment
	Range
	Median (n=5)
	Groups compared
	p-values (confidence levels)

	Before Treatment
	6.7 – 11.9
	9.1
	
	

	After Treatment (Lye)
	2.5 – 9.9
	7.8
	BT vs L
	0.086 (90% CL)

	After Treatment (no-lye)
	2.9 – 4.8
	4.0
	BT vs N
	0.005 (99% CL)

	
	
	
	L vs N
	0.086 (90% CL)


There was a decrease observed in the amount of cystine in the hair samples after treatment with a lye relaxer as well as after treatment with a no-lye relaxer and the median is confirmation of the decrease (from 9.1 to 7.8 and 4.0 g/100g hair, respectively). 

The cystine content range for the before treatment samples was 6.728-11.928 g/100g of hair. There was a statistically significant decrease in the amount of cystine in both the lye and no-lye after-treatment hair samples: at the 99 % confidence level for the no-lye (2.940-4.822 g/100g hair, p=0.005) and at the 90 % confidence level for the lye (2.561-9.991 g/100g hair, p=0.086). There was also a statistically significant difference between the cystine content of the no-lye treated and lye treated hair samples at the 90 % confidence level (p=0.086). This result is similar to that reported by Khumalo et al, 2009. They also reported a decrease for citruline and arginine and an increase for glutamine. 
Table 4.16 below represents levels of lysine in hair samples when comparing before treatment with the lye relaxer and with the no-lye relaxer. The lysine content range for the before treatment samples was 2.035 – 2.624 g/100g of hair. There was a statistically significant decrease in the amount of lysine in both the lye and no-lye after-treatment hair samples: at the 95 % confidence level for the no-lye (1.598 – 2.167 g/100g hair, p= 0.036) and at the 90 % confidence level for the lye (1.512 – 2.328 g/100g hair, p= 0.082). 
Table 4.16: Lysine levels (g/100g hair) in hair samples comparing before treatment (BT) with after treatment with a lye relaxer (L) and after treatment with a no-lye relaxer (N).
	Treatment
	Range
	Median (n=5)
	Groups compared
	p-values (confidence levels)

	Before Treatment
	2.0 – 2.6
	2.1
	
	

	After Treatment (Lye)
	1.5 – 2.3
	2.0
	BT vs L
	 0.082 (90 % CL)

	After Treatment (no-lye)
	1.5 – 2.2
	2.0
	BT vs N
	0.036 (95 % CL)

	
	
	
	L vs N
	0.920 (not significant) 


Lysine has been reported to be used as a treatment for hair loss (MPB Research, 2008); however no report of the effect of hair relaxer treatment on the level of lysine in hair could be found in the literature. There was no statistically significant difference between the lysine content of the no-lye treated and lye treated hair samples. Therefore even the no-lye relaxer, in this case is not safe.

There was no statistically significant change observed in the other remaining 15 amino acids analysed in this study.
4.4 Electron microscopy

The scanning electron micrographs for hair samples from subject #2 are shown in Figures 4.9 to 4.11. Figure 4.9(a) and 4.9(b) below represents the SEM images of the hair cuticles and hair shaft respectively for subject #2 before treatment.
[image: image14.jpg]



Figure 4.9(a): SEM for subject #2 hair cuticles, before treatment

[image: image15.jpg]


Figure 4.9(b): SEM for subject #2 hair shaft, before treatment
Figure 4.10(a) and 4.10(b) below represents the SEM images of the hair cuticles and hair shaft images respectively for subject #2 after treatment with the lye relaxer.

[image: image16.jpg]



Figure 4.10(a): SEM for subject #2 hair cuticles, after treatment with the lye relaxer

[image: image17.jpg]


Figure 4.10(b): SEM for subject #2 hair shaft, after treatment with the lye relaxer
Figure 4.11(a) and 4.11(b) below represents the SEM images of the hair cuticles and hair shaft images respectively for subject #2 after treatment with the no-lye relaxer.
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Figure 4.11(a): SEM for subject #2 hair cuticles, after treatment with the no-lye relaxer

[image: image19.jpg]



Figure 4.11(b): SEM for subject #2 hair shaft, after treatment with the no-lye relaxer
For all the subjects, no physical evidence of hair damage was observable from the scanning electron microscopy images of the hair shafts and the cuticles. There is a similarity in the SEM findings by Quadflieg (2003) and of this work. His study showed no significant changes of the hair surface after relaxer treatment. 
CHAPTER 5
CONCLUSIONS

The following conclusions were drawn from the results obtained in this study.
· Relative safety of the no-lye relaxer is shown by the longer time to wash-off (tingling).
· Visual descriptive assessments prove the no-lye relaxer to perform better than the lye relaxer in terms of hair straightness and scalp tingling.
· The overall performance of the no-lye is better than the lye in terms of softness, shininess, volume and dryness.

· The performance is similar for the two types of relaxers in terms of length and damage.

· The treatment of hair with lye and no-lye relaxers both lead to a decrease in the cystine content BUT the decrease with no-lye was greater than the lye
· Reduction in cystine level is consistent with the straightness observed in the clinical study (there is an agreement between the clinical assessment results and amino acid analysis results).
· The treatment of hair with lye and no-lye relaxers both lead to a decrease in the lysine content; the decrease is similar for both types of relaxers. 

· No conclusions could be drawn from the electron microscopy results. 
Recommendations:

· The study should be repeated with a larger sample (hair samples from more subjects).

· More research should be done on the no-lye relaxer because of its overall better performance.
Limitations:

· The challenge of the study was that there is very little scientific literature and data on this work.
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Appendix A
Hair Research Project: TM Ndlovu (for MSc)

Health Questionnaire                   Subjectellist #_____
Surname:_________________First Names______________________________________
Home address:______________________________________________________________ __________________________________________________________________________
Work Address or MEDUNSA Dept______________________________________________________________________
Home Tel no. _______________________Work Tel/ MEDUNSA Ext.___________________
Date of birth: __________________ID No (NB Copy of ID is required)__________________
Preliminary Statement:  This questionnaire must be completed by each individual who wishes to volunteer as a candidate for participation in this clinical study.  An individual’s eligibility for participation in the study is conditional upon such individual’s completion of all questions on this form truthfully and to the best of his or her knowledge.  Precautions will be taken to maintain the confidentiality of the information submitted by candidates on this form.  Access to the information submitted on this form will be limited to the Principal Investigator.

PLEASE MARK THE APPROPRIATE RESPONSE BELOW

1. Are you female?....................................................................YES      NO                                                

2. Can you to read and understand the ENGLISH language?..........YES   NO

3. Have you read, understood and signed an Informed Consent form which describes the study design, subject responsibilities, and possible risks and discomforts?.............................................................................YES   NO

4.
Are you between the ages of 18 – 50 (inclusive), and of South African Origin descent?.................................................................................YES      NO

5.
Are you willing to come to the test centre for all scheduled visits? YES NO

6.
Do you colour or bleach your hair?.............................................YES   NO


If Yes, please give the product name and state when_________________
7.     
Do you have any hair loss?....................................................... YES   NO

8.
Do you have dandruff?............................................................. YES   NO

9.
Have you a history of any type of cancer in the last five years?...YES   NO
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10.
Are you currently participating in another clinical study?...........................YES      NO

11.
Do you currently have any skin problems?...............................................YES     NO


If Yes, please give details…………………………………………………………………….

12.
Have you ever had chemotherapy?..........................................................YES    NO


If Yes, please state when……………………………………………………………………..


Have you ever had radiotherapy?.............................................................YES    NO


If Yes, please state when……………………………………………………………………..

13.
If you are in or past the menopause, are you receiving hormone replacement therapy?.................................................................................................YES    NO

If Yes, please give details…………………………………………………………………….

14.
Are you in “general” good health? ………………………………………………YES    NO

15.
Are you now or have you ever been under the care of a dermatologist? ...YES     NO 


If yes, please describe conditions, treatment and date of treatment:

16.
Are you currently under a doctor’s care for any condition? ………………….YES    NO


If yes, explain:………………………………………………………………………………….

…………………………………………………………………………………………………...
17.      Are you currently taking or using any of the following medications:  Mark yes or no for each.


Yes
No


Heart Medications
(
)
(
)
Brand: __________________

Thyroid Medications
(
)
(
)
Brand: __________________

Insulin/Diabetes medication
(
)
(
)
Brand: __________________

Inhalers/nebulisers
(
)
(
)
Brand: __________________

Cold Medications
(
)
(
)
Brand: __________________

Other Prescription Medication
(
)
(
)
Brand: __________________

Other over the counter medication
(
)
(
)
Brand: __________________

Antihistamines
(
)
(
)
Brand: __________________

Anti-inflammatory 

             (Including aspirin)
(
)
(
)
Brand: __________________

Vitamins
(
)
(
)
Brand: __________________

Corticosteroids
(
)
(
)
Brand: __________________

Vitamin A or derivatives
(
)
(
)
Brand: __________________
             Any other medication
(
)
(
)
Brand: __________________
18.
Have you ever used a hair relaxer? ……………………………………………YES
NO


If yes, how long ago____________________________________________________
19.
Have you ever had any problems with hair relaxers? ..............................YES
NO


If yes, specify_________________________________________________________
20.
Are you pregnant or nursing a child? …………………………………………YES  
NO

Please supply details of an emergency contact person: Name: ________________________
Phone number:____________________________
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Certification and Release:
I, _______________________________________________________________, certify that:

1. I have read and understood all information in this Questionnaire, including the Preliminary Statement above.

2. I have answered all questions completely, accurately, and to the best of my knowledge.

3. If any of the above information becomes incomplete or inaccurate, I will provide updated information to the Investigator.

If any of the information I provide in connection with this Questionnaire is incomplete or inaccurate:  (i) I understand that I may, at the discretion of the Investigator, be prevented from participating or terminated immediately from the Study, (ii) I understand that I may suffer adverse health affects as a result of providing incomplete or inaccurate information, and (iii) I agree to release and hold harmless the Investigator, officers, directors, agents, assigns, and affiliates, from any liability, personal injury, loss, or claim for damages arising out of or in connection with my failure to provide complete and accurate information.

________________________________              ___________________________________

Subject’s Signature                                             Date

____________________                                    ____________________________________
Witness’s Signature                                            Date

FOR OFFICE USE
Does the subject meet all inclusion/exclusion criteria at enrolment?  Yes (   )  No (   )

I have verified the above information for this subject _______________________( Evaluator)   Date____________

Appendix B

Hair RESEARCH STudy

 PATIENT INFORMATION AND CONSENT FORM

for TM Ndlovu’s Masters project
This consent form may contain words that you do not understand.  Please ask the study staff to explain any words or information that you do not clearly understand.

INTRODUCTION

You are being asked to take part in a research study to assess the effect of hair relaxer treatment on ethnic hair.  Approximately 5 female volunteers will participate in this study.  This study will evaluate 2 products.  Changes in hair quality will serve as the basis for evaluation.

You have been asked to take part in this study because you are a healthy volunteer with normal hair and you have completed a Health Questionnaire form.

If you have a change in your medical health, please talk to the study personnel, especially before you take or apply any medication while enrolled in this study.  This includes medication ordered for you by a doctor, or drugs you buy without a prescription.  You cannot participate in any other study while you are a subject in this study.

STUDY PROCEDURES

Upon qualifying, stop use of all relaxers, braids or plaits on your hair for the duration of the study.  This study involves visits to the test centre for treatment and assessments.  You are required to make all visits.  The procedure is as follows:

Visit one, you will complete all of the study enrolment paperwork, including the consent form. You will then have hair and scalp inspection for suitability. Visit two, your hair will be shampooed, dried and your untreated outgrowth sampled (±50 strands). Visit three, two small bilaterally symmetrical areas of hair (at the back below the crown) will be treated with two different relaxer products. Hair will be washed with a neutralising shampoo, dried and sampled (±50 strands per sample). Photography of test sites will be performed. Then your whole head will be treated with a relaxer similar to that which you normally use. Hair will be shampooed with a neutralising shampoo and dried. You will then be free to style your hair as normal with your own products. 
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If you do not comply with study requirements, you could be liable for dismissal from the study with no payment.

POSSIBLE DISCOMFORTS OR RISKS

No reaction is anticipated. People with delicate skin may experience a reaction where the test formulation touches the skin, characterised by varying degrees of redness, itching, dryness, hyperpigmentation and/or peeling.  

As two different relaxers will be used on the two halves of your head, the outcomes may not be identical. 

There may be side effects which are unknown at this time.

If you are a female of childbearing potential (i.e. not surgically sterile or have not experienced menopause), you must not become pregnant throughout the study.  If you become pregnant during the study, please notify study personnel.

BENEFITS

This is not a treatment study.  You are not expected to receive any medical benefits from participating in this study.

ALTERNATIVE TREATMENT

Not participating in this study is your alternative.

PAYMENT FOR PARTICIPATION

Payment of R250 for the study. Payment will be made to qualifying subjects upon completion of the study. Your remuneration includes an amount of money for your hair to be braided or cut after the study at your own expense, should you be in any way unhappy with the appearance.

COMPENSATION FOR INJURY

In the event that any injury should occur to you as a direct result of the study materials and your participation in this study, appropriate medical treatment will be provided at no cost to you by a dermatologist.  Be prepared to provide your subject number (found at the end of this consent form) and the Study Number.

COSTS

There are no anticipated costs to you that may result from your participation in this study.
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VOLUNTARY PARTICIPATION/WITHDRAWAL

Your participation in this study is voluntary.  You may decide not to participate or you may withdraw from the study at any time without penalty and without affecting your future medical care at this site.

Your participation in this study may be terminated at any time by the study co-ordinator without your consent.

The study co-ordinator may withdraw you from the study for reasons of, but not limited to, a severe reaction, an illness, or your failure to follow directions.

RELEASE OF MEDICAL RECORDS AND CONFIDENTIALITY

Information from this study will be submitted to the sponsor.  Medical records which identify you, and the consent form signed by you, will be inspected by:

· the sponsor of the study;

· MEDUNSA, an agent for the sponsor;

and may be inspected and/or copied by

· The Research, Ethics and Publications Committee of MEDUNSA

Because of the need to release information to these parties, absolute confidentiality cannot be guaranteed.  The results of this study may be presented at meetings or in publications, however, your identity will not be disclosed in those presentations.

WHOM TO CONTACT

If you have any additional questions about this research during the course of the study or in the event of a research related injury or other problems, call: Thabisile Ndlovu, at (012) 521 4567, who will refer the matter to Dr Beverley Summers. 



If you have questions about your rights as a research subject, you may contact


The Research, Ethics and Publications Committee of MEDUNSA
Do not sign this consent form unless you have had a chance to ask questions and have received satisfactory answers to all of your questions about your rights as a research subject.

CONSENT

I have read and I understand the information which has been stated above and have received satisfactory answers to all of the questions which I have asked.

I understand that I will receive a copy of this signed consent form.

I hereby consent to be a participant in this study.
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I understand that certain products in this study are highly private to the sponsor.  Therefore, I agree to keep the products and all information about this as strictly confidential.

I authorise the release of my medical records to the sponsor.

By signing this consent form I have not waived any of the legal right which I otherwise would have as a participant in a research study.

Subject________________________________________________________

Please print

___________________________________    _________________________




Subject Signature                                          Date
___________________________________    _________________________

Witness (1)                                                        Date

___________________________________    _________________________

Witness (2)                                                        Date

FOR MEDUNSA CAMPUS/DR GEORGE MUKHARI HOSPITAL STAFF ONLY 

I undertake to obtain permission from my supervisor at work, to be allowed time to participate in this study, either through making up work time lost or through taking leave (whichever is appropriate)

Signed……………………………………….       Date………………………………………….
Appendix C
Hair Research Project: TM Ndlovu (for MSc)

Researcher Visual hair assessment form: BEFORE Treatment / RIGHT

Initials: ___________________



Subject#:________

Please complete this page prior to the product application.

(tick the appropriate box)

	1. Overall length:
	

	2. Length of outgrowth: 
	       

	3. Hair type:
	       (          (           (        

             Fine             Medium              Coarse          

	4. Colour:
	       

	5. Degree of curl
	       (          (           (                  

            Loose              Medium             Tight

	6. I would describe the amount of damage of hair as _____. 


	(          (               (               (                  (
None/Not        Slightly                 Moderately                   Highly                        Extremely              Damaged      Damaged                 Damaged                  Damaged                   Damaged

	7. I would describe the straightness of hair as being
	(                  (               (                (              

Very straight             Moderately                  Slightly straight           Not straight

                                       straight

	8. I would describe the softness of hair as being
	       (          (           (        

         Very soft        Slightly soft          Not soft           

	9. I would describe the shininess of hair as being
	       (          (           (        

         Very shiny        Slightly shiny       Not shiny           

	10. Degree of spit ends


	       (          (           (        

             High             Moderate              Low

	11.  Hair shaft thickness:
	     

	12.  Hair volume
	       (          (           (
       Sparse                 Medium              Thick

	13.  Hair dryness
	       (          (           (            (                

             Oily                Normal               Dry                    Very dry


Assessor:__________________________________Date:______________
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Hair Research Project: TM Ndlovu (for MSc)

Researcher Visual hair assessment form: BEFORE Treatment / LEFT

Initials: ___________________



Subject#:________

Please complete this page prior to the product application.

(tick the appropriate box)

	1. Overall length:
	

	2. Length of outgrowth: 
	       

	3. Hair type:
	       (          (           (        

             Fine             Medium              Coarse          

	4. Colour:
	       

	5. Degree of curl
	       (          (           (                  

            Loose              Medium             Tight

	6. I would describe the amount of damage of hair as _____. 


	(         (               (               (                  (
None/Not     Slightly                 Moderately                   Highly                           Extremely                                                                         

Damaged     Damaged                 Damaged                  Damaged                      Damaged

	7. I would describe the straightness of hair as being
	(                  (               (                (              

Very straight             Moderately                  Slightly straight           Not straight

                                       straight

	8. I would describe the softness of hair as being
	       (          (           (        

         Very soft        Slightly soft          Not soft           

	9. I would describe the shininess of hair as being
	       (          (           (        

         Very shiny        Slightly shiny       Not shiny           

	10. Degree of spit ends


	       (          (           (        

             High             Moderate              Low

	11.  Hair shaft thickness:
	     

	12.  Hair volume
	       (          (           (
       Sparse                 Medium              Thick

	13.  Hair dryness
	       (          (           (            (                

             Oily                Normal               Dry                    Very dry


Assessor:___________________________________Date:_____________
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Hair Research Project: TM Ndlovu (for MSc)

Researcher Visual hair assessment form: AFTER Treatment / RIGHT

Initials: ___________________



Subject#:____________

Age: _____________
Date of birth: ____________________________  

Please complete this page after product application.

(tick the appropriate box)

	1. Colour:
	       

	2. Degree of split ends: 
	       (          (           (        

             High             Moderate              Low           

	3. Hair condition 
	       (          (           (        (
       Excellent             Good                 Normal           Bad

	4. Hair shaft thickness
	       

	5. Hair volume
	       (          (           (        

           Sparse             Medium             Thick         

	6. Hair damage  


	(             (               (               (              (
None/Not            Slightly                 Moderately                   Highly                Extremely                                                                         

Damaged           Damaged                 Damaged                  Damaged           Damaged

	7. Hair straightness 
	(                  (               (               (                                      Very straight              Moderately straight      Slightly straight       Not straight

	8. Hair  softness 
	       (          (           (        

         Very soft        Slightly soft          Not soft           

	9. Hair shininess 
	       (          (           (        

         Very shiny      Slightly shiny       Not shiny           

	10. Hair dryness 
	       (          (           (        (
             Oily             Normal                   Dry          Very dry


11.      How long is your hair?.......................................………………………………..cm.
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Hair Research Project: TM Ndlovu (for MSc)

Researcher Visual hair assessment form: AFTER Treatment / LEFT

Initials: ___________________



Subject#:____________

Age: _____________
Date of birth: ____________________________  

Please complete this page after product application.

(tick the appropriate box)

	1. Colour:
	       

	2. Degree of split ends: 
	       (          (           (        

             High             Moderate              Low           

	3. Hair condition 
	       (          (           (        (
       Excellent             Good                 Normal           Bad

	4. Hair shaft thickness
	       

	5. Hair volume
	       (          (           (        

           Sparse             Medium             Thick         

	6. Hair damage  


	(             (               (               (              (
None/Not             Slightly                 Moderately                   Highly                 Extremely                                                                         

Damaged            Damaged                 Damaged                  Damaged           Damaged

	7. Hair straightness 
	(                  (               (               (                                      Very straight              Moderately straight      Slightly straight       Not straight

	8. Hair  softness 
	       (          (           (        

         Very soft        Slightly soft          Not soft           

	9. Hair shininess 
	       (          (           (        

         Very shiny      Slightly shiny       Not shiny           

	10. Hair dryness 
	       (          (           (        (
             Oily             Normal                   Dry          Very dry


11.      How long is your hair?.......................................………………………………..cm.

Appendix D
Hair Research Project: TM Ndlovu (for MSc)

Subject Self-Assessment Questionnaire: BEFORE Treatment / RIGHT

Initials: ___________________



Subject#:________

Age: _____________
Date of birth: ____________________________  

Please complete this page prior to the product application.

(tick the appropriate box)

	1. I would describe the texture of my individual hairs as:
	       (          (           (        

             Fine             Medium                 Coarse           

	2. I would describe my overall hair thickness (volume) as: 
	       (          (           (        

             Sparse             Medium           Thick           

	3. I would describe my hair condition as being ______.
	       (          (           (        (
       Excellent             Good                Normal           Bad

	4. I would describe my scalp condition as being ______.
	       (          (           (        (
             Oily             Normal                 Dry           Very Dry

	5. In general, how sensitive would you consider your scalp?
	       (          (           (              (      

      Not at all                Slightly            Moderately                Very

      Sensitive                 Sensitive          Sensitive                Sensitive                 

	6. I would describe the amount of damage my hair has _____. 


	(                  (               (               (              (
None/Not                    Slightly                 Moderately                   Highly               Extremely                                                                             Damaged                   Damaged              Damaged                     Damaged         Damaged

	7. I would describe the straightness of my hair as being
	(                  (               (               (              

Very straight             Moderately                  Slightly straight           Not straight

                                       straight

	8. I would describe the softness of my hair as being
	       (          (           (        

         Very soft        Slightly soft          Not soft           

	9. I would describe the shininess of my hair as being
	       (          (           (        

         Very shiny        Slightly shiny       Not shiny           

	10. Which chemical process do you use?


	       (          (           (        

             Perm             Relax                 S-curl           

	11.  I usually wash my hair ….
	     (            (           (          (          (         (
twice or more        once each week    once every       once every      once every         less often than

each week                                           7-10 days          2 weeks          2- 3 weeks      every 3 weeks

	12.  I use a conditioner …
	        (              (                 (
       Rarely/never            occasionally             with every wash/shampoo

	13.  Which of the following do you use (check all that apply)?
	     (            (           (          (            (         (       

   Hair Food        Oil Moisturizer      Shine Spray/        Hair Oil         Conditioning       Other
                           (like “Pink Oil”)     Oil Spray         (Clear/Pours)      Treatment     (specify)
              

                                                                                                                                     


14.
How long is your hair?..............................................................................................cm.

15.
Are you in “general” good health?..............................................................YES        NO

16.
Do you currently have any skin problems?................................................YES        NO


If Yes, please give details…………………………………………………………………….

…………………………………………………………………………………………………..

17.
What problems do you  have with your hair?...............................................................

…………………………………………………………………………………………………..

…………………………………………………………………………………………………..
Appendix D continued

Hair Research Project: TM Ndlovu (for MSc)

Subject Self-Assessment Questionnaire: BEFORE Treatment / LEFT

Initials: ___________________



Subject #:____________

Age: _____________
Date of birth: ____________________________  

Please complete this page prior to the product application.

(tick the appropriate box)

	1. I would describe the texture of my individual hairs as:
	       (          (           (        

             Fine             Medium                 Coarse           

	2. I would describe my overall hair thickness (volume) as: 
	       (          (           (        

             Sparse             Medium           Thick           

	3. I would describe my hair condition as being ______.
	       (          (           (        (
       Excellent             Good                Normal           Bad

	4. I would describe my scalp condition as being ______.
	       (          (           (        (
             Oily             Normal                 Dry           Very Dry

	5. In general, how sensitive would you consider your scalp?
	       (          (           (            (      

      Not at all                Slightly            Moderately           Very

      Sensitive                 Sensitive          Sensitive            Sensitive                 

	6. I would describe the amount of damage my hair has _____. 


	(                  (               (               (              (
None/Not                    Slightly                 Moderately                   Highly              Extremely                                                                         

Damaged                     Damaged              Damaged                Damaged           Damaged

	7. I would describe the straightness of my hair as being
	(                  (               (               (              

Very straight             Moderately                  Slightly straight           Not straight

                                       straight

	8. I would describe the softness of my hair as being
	       (          (           (        

         Very soft        Slightly soft          Not soft           

	9. I would describe the shininess of my hair as being
	       (          (           (        

         Very shiny        Slightly shiny       Not shiny           

	10. Which chemical process do you use?


	       (          (           (        

             Perm             Relax                 S-curl           

	11.  I usually wash my hair ….
	     (            (           (          (          (         (
twice or more        once each week    once every       once every      once every         less often than

each week                                           7-10 days          2 weeks          2- 3 weeks      every 3 weeks

	12.  I use a conditioner …
	        (              (                 (
       Rarely/never            occasionally             with every wash/shampoo

	13.  Which of the following do you use (check all that apply)?
	     (            (           (          (            (         (       

   Hair Food        Oil Moisturizer      Shine Spray/        Hair Oil         Conditioning       Other 

                           (like “Pink Oil”)     Oil Spray         (Clear/Pours)      Treatment     (specify)
                                                                                                                                    


14.
How long is your hair?..............................................................................................cm.
15.
Are you in “general” good health?..............................................................YES        NO

16.
Do you currently have any skin problems?................................................YES        NO


If Yes, please give details…………………………………………………………………….

…………………………………………………………………………………………………..
17.
What problems do you  have with your hair?...............................................................

…………………………………………………………………………………………………..


…………………………………………………………………………………………………...
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Hair Research Project: TM Ndlovu (for MSc)

Subject Self-Assessment Questionnaire: AFTER Treatment / RIGHT

Initials: ___________________



Subject #:____________

Age: _____________
Date of birth: ____________________________  

Please complete this page after product application.

(tick the appropriate box)

	1. I would describe the texture of my individual hairs as:
	       (          (           (        

             Fine             Medium                 Coarse           

	2. I would describe my overall hair thickness (volume) as: 
	       (          (           (        

             Sparse             Medium           Thick           

	3. I would describe my hair condition as being ______.
	       (          (           (        (
       Excellent             Good                 Normal           Bad

	4. I would describe my scalp condition as being ______.
	       (          (           (        (
             Oily             Normal                 Dry           Very Dry

	5. Tingling feeling on scalp
	       (          (           (        (
             None               Low                 Average         Severe

	6. I would describe the amount of damage my hair has _____. 


	(                  (               (               (              (
None/Not                    Slightly                 Moderately                   Highly              Extremely                                                                         

Damaged                     Damaged                 Damaged               Damaged           Damaged

	7. I would describe the straightness of my hair as being
	(                  (               (               (                                      Very straight              Moderately straight      Slightly straight       Not straight

	8. I would describe the softness of my hair as being
	       (          (           (        

         Very soft        Slightly soft          Not soft           

	9. I would describe the shininess of my hair as being
	       (          (           (        

         Very shiny      Slightly shiny       Not shiny           


10.
How long is your hair?.......................................………………………………………cm.

11.
During treatment, after how long did the tingling starts  ………….................................................................................................................
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Hair Research Project: TM Ndlovu (for MSc)

Subject Self-Assessment Questionnaire: AFTER Treatment / LEFT

Initials: ___________________



Subject #:____________

Age: _____________
Date of birth: ____________________________  

Please complete this page after product application.

(tick the appropriate box)

	1. I would describe the texture of my individual hairs as:
	       (          (           (        

             Fine             Medium                 Coarse           

	2. I would describe my overall hair thickness (volume) as: 
	       (          (           (        

             Sparse             Medium           Thick           

	3. I would describe my hair condition as being ______.
	       (          (           (        (
       Excellent             Good                 Normal           Bad

	4. I would describe my scalp condition as being ______.
	       (          (           (        (
             Oily             Normal                 Dry           Very Dry

	5. Tingling feeling on scalp
	       (          (           (        (
             None               Low                 Average         Severe

	6. I would describe the amount of damage my hair has _____. 


	       (          (           (        (         (
       None/Not             Slightly            Moderately      Highly              Extremely                                                                         

       Damaged             Damaged           Damaged    Damaged           Damaged

	7. I would describe the straightness of my hair as being
	       (          (           (                     (
   Very straight   Moderately straight     Slightly straight             Not straight

	8. I would describe the softness of my hair as being
	       (          (           (        

         Very soft        Slightly soft          Not soft           

	9. I would describe the shininess of my hair as being
	       (          (           (        

         Very shiny      Slightly shiny       Not shiny           


10.
How long is your hair?.......................................……………………………………...cm.

11.
During treatment, after how long did the tingling starts,  ………….................................................................................................................
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