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The Academy of Sciences 
Malaysia (ASM)

The Academy of Sciences Malaysia (ASM) was 
established, under the Academy of Sciences Act 1994

which came into force on 1 February 1995, with 
the ultimate aim to pursue excellence in science. 
Thus the mission enshrined is to pursue, encourage 
and enhance excellence in the field of science, 
engineering and technology for the development of 
the nation and the benefit of mankind.

The functions of the Academy are as follows:

• To promote and foster the development of science, 
engineering and technology

• To provide a forum for the interchange of ideas 
among scientists, engineers and technologists

• To promote national awareness, understanding and 
appreciation of the role of science, engineering 
and technology in human progress

• To promote creativity among scientists, engineers 
and technologists

• To promote national self-reliance in the field of 
science, engineering and technology

• To act as a forum for maintaining awareness on the 
part of the Government of the significance of 
the role of science, engineering and technology 
in the development process of the nation and 
for bringing national development needs to 
the attention of the scientists, engineers and 
technologists

• To analyse particular national problems and identify 
where science, engineering and technology can 
contribute to their solution and accordingly to 
make recommendations to the Government

• To keep in touch with developments in science, 
engineering and technology and identify those 
developments which are relevant to national 
needs to bring such developments to the 
attention of the Government

• To prepare reports, papers or other documents 
relating to the national science, engineering 
and technology policy and make the necessary 
recommendations to the Government

• To initiate and sponsor multi-disciplinary 
studies related to and necessary for the better 
understanding of the social and economic 
implications of science, engineering and 
technology

• To encourage research and development and 
education and training of the appropriate 
scientific, engineering and technical man 
power

• To establish and maintain relations between the 
Academy and overseas bodies having the same or 
almost similar objectives in science, engineering 
and technology as the Academy

• To advise on matters related to science, engineering 
and technology as may be requested by the 
Government from time to time; and

• To carry out such other actions that are consistent 
with the 1994 Academy of Sciences Act as may be 
required in order to facilitate the advancement of 
science, engineering and technology in Malaysia, 
and the well being and status of the Academy.

The Academy is governed by a Council. Various 
Working Committees and Task Forces are charged with 
developing strategies, plans and programmes in line 
with the Academy’s objectives and functions.

The functions of the Council are:

• To formulate policy relating to the functions of the 
Academy

• To administer the affairs of the Academy

• To appoint such officers or servants of the Academy 
as are necessary for the due administration of the 
Academy

• To supervise and control its officers and servants
• To administer the Fund; and

• To convene general meetings of the Academy to 
decide on matters which under this Act are required 
to be decided by the Academy.

The Academy has Fellows and Honorary Fellows. The 
Fellows comprise Foundation Fellows and Elected 
Fellows. The Academy Fellows are selected from the 
ranks of eminent Malaysian scientists, engineers and 
technocrats in the fields of medical sciences, engineering 
sciences, biological sciences, mathematical and physical 
sciences, chemical sciences, information technology 
and science and technology development and industry.

The Future

Creativity and innovation are recognised the world over 
as the key measure of the competitiveness of a nation. 
Within the context of K-Economy and the framework 
of National Innovation System (NIS), ASM will 
continue to spearhead efforts that will take innovation 
and creativity to new heights in the fields of sciences, 
engineering and technology and work towards making 
Malaysia an intellectual force to be reckoned with.
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Consider the quadratic functional of the form:

                                            

where  A is an n × n symmetric positive definite constant 
matrix operator on Hilbert space H, a is a vector in H and   

f0 is a constant term. The conventional CGM algorithm is 

used as a computation method for the minimization of the 

above problem and it has been proved that the CGM algo-

rithm enjoys a quadratic rate of convergence. That is the 

method converges in at most n iterations for an n-dimen-

sional problem, what follows is the convergence rate of the 

CGM algorithm.

CONVERGENCE PROFILE OF THE  
CONVENTIONAL CGM ALGORITHM

To fully understand the numerical task reported in this work 

it will be necessary to show the convergence rate of CGM 

algorithm (Abdul Rahman 2007; Ibiejugba et al. 2003; Jon-

athan 1994; Lipschutz 1987; Omolehin 2006; Omolehin & 

Rauf 2006).

Recall the quadratic functional:

  

where f0 is a constant, H is a Hilbert space, X is a nxn di-

mensional vector in H, a positive definite constant matrix 

operator (John & Karin 2001; Wayne, Charles & Pablo 

1993).

The convergence rate of the CGM algorithm is given as:   

where m and M are the smallest and largest eigen values of 

A, respectively.

Proof:  see (Ibeijugba et al. 2003).

Define  

Therefore,
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The convergence profile of the conventional Conjugate Gradient Method (CGM) algorithm is based on the 
symmetry of the control operator for quadratic functions.

This work considers the quadratic functions with a non-symmetric control operator under suitable matrix 

transformations. It was proved that the conventional CGM algorithm produced results that were favourably 

comparable in relation to problems with symmetric control operator equivalent. 
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Therefore, E(X) is F(X) plus a constant term, hence the 

convergence of E(X) is considered instead of that of F(X)  

as from now.

Recall that:

 

          

Hence,

 

But,

                                , therefore:

 

 

 

 

  

  

                                                         

                                           
since

  

 

 

    

                    

                                                   (since                          by 

orthogonality of pi–1 and  gi)

 

                              because  

Hence,

 

Using the fact that                            , where  

We get:

 

 

 

                  , since                            (due to the positive  

definiteness of operator A),

Therefore,

But for a bounded self-adjoint operator in a Hilbert space 

H, Kantorovich (Hasdorff 1976; Andrew & Chelsea 1977; 

Pinch 1993) established the following inequality:

  

                      where m and M are  

respectively the greatest lower and least upper bounds of 

the spectrum of operator A. Using Kantorovich’s inequal-

ity, we obtain:

                                           
, for all            .

This shows the convergence rate of the CGM.
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MATRIX TRANSFORMATION

Suppose A is a non-symmetric matrix, it is then partitioned 

into two parts as follows: 

 

where, the first part is symmetric and the second part is 
skew symmetric. For subsequent development, the second 

part can be neglected since the main diagonal elements will 

be zero. We can now replace our new matrix by B as fol-

lows:

 

where, B is the symmetric transform of A.

MAIN RESULTS

Suppose the operator A in (Equation 1) is non-symmetric, 

we now replace A by B in Equation 3 to obtain:

                                                                 

 

where, B is the transform of A.

Theorem

Suppose B is the symmetric transform of A in Equation 3 

then,

 (i) the functional (Equation 1) is equivalent to the 

functional (Equation 4)

 (ii)
  

Proof

Let                      then the minimization of  f is given by:

  

and,

   

 

where, A is the non-symmetric nxn matrix and B is  

the symmetric transform of A. It is enough to prove (ii). 

Let, 

Also,

   

     

⇒

Therefore, the two functionals are equivalent. Equations 

5 and 6 are equal and the result follows. The necessary 

conditions for the minimization of the two functionals are: 

  

                                                                                                                       

and the respective optimum will be: 

  

NUMERICAL RESULTS

Minimize:

    

and compare the result with the minimization of 
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Problem 1: 
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Problem 6:

The optimal results of quadratic functionals with non-

symmetric operators and their symmetric transform 

equivalent is depicted in Table 1.

CONCLUSION

X* is the optimum and f(X*) is the optimal value. It can 

be seen from the table that the optimal values for non-

symmetric B and the symmetric operator A corresponding 

to the transform B are favourably comparable. The  
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Table1. Optimal results of quadratic functionals with non-symmetric operators and their symmetric transform equivalent.

                 Optimal values with            Optimal values with

                                A                         B

 X* f(X*) X*  f(X*)

Problem 1 (–1, 1) 1 (0.667, –0.667) 1

Problem 2 (0.5, 0, 0) 0.75 (–0.222, 0, –0.222) 0.778

Problem 3 (3.753, –1.251,  –2.053 × 1013 (–0.046, –0.148,  0.737

 –5.004, 2.502) × 1014  –0.234, –0.099) 

Problem 4 (–0.3333,0) 0.833 (–0.25, –0.125) 0.813

Problem 5 (–0.75, –0.25, 0.25) 0.625 (–2.8, 0.4, 0.8) 0.2

Problem 6 – (0.235, 0.235, 0.176, 0.118) 0.618 (–5, 0, 1, 2) 0
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next study will consider the convergence rate of our 

transform.
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Synthetic aperture radar (SAR) has been recognized as a 

powerful tool for oil spill detection. Several algorithms have 

been introduced for the automatic detection of oil spills in 

SAR images. These algorithms have involved three steps: (i) 

dark spot detection, (ii) dark spot feature extraction, and (iii) 

dark spot classification. Various classification algorithms 
for oil spill detection have been utilized, including pattern 

recognition algorithm (Fukunaga 1990), spatial frequency 

spectrum gradient (Lombardini et al. 1989; Trivero et al. 

1998) and fuzzy and neural networks technique (Mohamed 

et al. 1999; Calabresi et al. 1999). Dark spot detection is 

done by adaptive thresholding. This step is controlled by 

wind conditions and the type of SAR sensors. However, 

threshold procedures have failed to detect thin and linear 

slicks. Available in situ wind measurements can be used to 

determine the threshold while the local homogeneity can be 

used to determine the threshold if there are no in situ wind 

measurements.  In fact, oil spill detection by SAR images 

is not at all an easy task. For one thing there are other 

physical phenomena apart from oil slicks which can also 

generate dark patches and for another thing, SAR images 

are affected by multiplicative noise known as speckle. In 

this context, dark patches that are not due to oil spills are 

described as look-alikes. They can be due to low wind 

speed area, internal waves, biogenic films, grease ice, wind 
front areas, areas sheltered by land, rain cells, current shear 

zones, and up-welling zones (Petromar 1981; Lombardini 

et al. 1989; Trivero et al. 1998; Calabresi et al. 1999).

 

In this context, the power-to-mean ratio is considered as 

a good measurement of texture homogeneity. Utilization of 

sea surface homogeneity in a SAR image is a function of 

wind speed conditions. For high or medium wind speeds 

greater than about 3 ms–1, the sea water surrounding dark 

areas will appear fairly homogenous. This explains the 

weak possibilities of the presence of oil spill look-a-likes 

in SAR scenes under these conditions.  However with a 

low wind speed of less than 3 ms–1, there could be a large 

number of oil spill look-a-likes present in SAR imagery 

(Trivero et al. 1998). The detection of oil spill and look-a-

like features in SAR scenes can be obtained by using power-

to-mean ratio values. The power-to-mean ratio is used to 

adjust the threshold.  Various authors (Solberg & Solberg 
1996; Solberg & Volden 1997; Kanna et al. 2003 & Nirchio 
et al. 2005) have reported that  for RADARSAT-1 SAR, 

thresholding is done at three different scales. However, 

using three different scales did not work well for ENVISAT 
due to the larger pixel size of the selected product types.  

A new approach was introduced by Maged (2001) to 

detect thin and linear slicks by using the Lee algorithm 

(Touzi 2002). The Lee Filter is primarily used on radar 

data to remove high frequency speckle without removing 

edges or sharp features in the images. Maged and van 

Genderen (2001), reported that the Lee algorithm operates 

well to determine linear slick features. According to Maged 

(2001), the Lee algorithm avoids decreasing resolution 

by making a weighted combination of running average 

which reduces the noise in the slick’s edge areas without 

sacrificing edge sharpness. Recently, Huang et al. (2005) 

explored the segmentation of oil slicks using a partial 

differential equation (PDE)-based level set method with 

ERS-2 SAR data. They concluded that the level set method 

allows an extraction of smooth and ideal boundaries rather 

Fractal Dimension Algorithm for Automatic 

Detection of Oil Spills in RADARSAT-1 SAR

M. Marghany1*, A.P. Cracknell1 and M. Hashim1

This paper introduces a method for modification of the formula of the fractal box counting dimension. The 
method is based on the utilization of the probability distribution formula in the fractal box count. The purpose 

of this method is to use it for the discrimination of oil spill areas from the surrounding features e.g. sea surface 

and look-alikes in RADARSAT-1 SAR data. The result showed that the new formula of the fractal box counting 
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than a number of zigzag edges. However, this method 

failed to distinguish between oil slicks and dark spot 

areas that were located close to the coastline due to low 

wind speed and were not oil slicks. In fact, this method 

produced automatic snake contours around the presence of 

any dark spot areas in SAR imagery. Furthermore, Maged 

and van Genderen (2001) introduced a new approach by 

using texture algorithms for the automatic detection of oil 

spills in a RADARSAT-1 SAR image. In fact, grey-tone 

spatial-dependence or co-occurrence matrices provide the 

basis for a number of measures including range, variance, 

standard deviation, entropy, or uniformity within a moving 

kernel window (Tricot 1993). However, computing the 

texture features from a co-occurrence matrix may become 

critical due to the multiplicative noise impacts. Different 

approaches to texture identification have been introduced 
that involve exploiting the fractal algorithm which can be 

estimated from a specific multi-resolution representation 
of the SAR images.  Fractal analysis provides tools for 

measuring how the geometric complexity (the number 

of discrete objects, perimeter to area ratios and degree 

of spatial auto-correlation) of imaged objects changes 

when the image resolution is altered. The main question 

that can be raised is how the fractal algorithm can be 

used to discriminate between oil spills and look-alikes in 

RADARSAT-1 SAR data.

FRACTAL ANALYSIS AND SAR DATA

According to Redondo (1996) fractal geometry can be used 

on occasion to discriminate between different textures. A 

fractal refers to entities, especially sets of pixels, which 

display a degree of self-similarity at different scales. 

Self-similarity is the foundation for fractal analysis and 

is defined as a property of a curve or surface where each 
part is indistinguishable from the whole, or where the form 

of the curve or surface is invariant with respect to scales, 

meaning that the curve or surface is made of copies of itself 

at reduced and enlarged scales (Pentland 1984). 

The most well known procedures that have been 

proposed for estimating the fractal dimension of SAR 

images are box counting, fractal Brownian motion (Falconer  

1990; Gado & Redondo 1999 ; Benelli & Garzelli 1999) 
and fractal interpolation function system dimension of 

images (Aiazzi et al. 2001).   Initially, Falconer  (1990)  

introduced the fractional Brownian motion model with 

SAR image intensity variation which has shown promise 

in the SAR data textures. In fact, both the sea surface and 

its backscattered signal in the SAR data can be modeled 

as fractals (Wornell & Oppenheim 1992; Maragos & Sun 
1993; Benelli & Garzelli 1999; Aiazzi et al. 2001).

By contrast, Gado and Redondo (1999) found that  a 

box counting fractal dimension model provided  excellent 

discrimination between oil spills and look-alikes,  

although the backscatter information which could allow 

an initial robust localization of the oil spills, had not  

been considered. Furthermore, Benelli and Garzelli (1999) 

used a multi-resolution algorithm which was based on 

fractal geometry for texture analysis.  They found that 

the sea surface was characterized by an approximately 

steady value of fractal dimension, while the oil spills have 

a different average fractal dimension compared to look-

alikes.

This work has hypothesized  that the dark spot areas 

(oil slick or look-alike pixels) and their surrounding 

backscattered environmental signals in the SAR data could 

be modeled as fractals.  In this context,  a box-counting 

fractal estimator  could be used as a semiautomatic tool to 

discriminate between oil spills, look-alikes and surrounding 

sea surface waters. In addition, the utilization of a 

probability density formula  in the box-counting equation 

could improve the accuracy of discrimination between oil 

slick pixels and surrounding feature pixels such as ocean 

surface and look-alikes.  The procedures which were used 

to discriminate oil spills from the surrounding sea surface 

environment are shown in Figure 1.

METHODOLOGY

Data Set

The SAR data acquired in this study were from the 

RADARSAT-1 Standard 2 beam mode (S2) image. 

According to Hashim et al. (2006), an oil spill occurred on 

20 December 1999 along the coastal water of the Malacca 

Straits.  The RADARSAT-1 SAR is a C-band instrument 

with a variable acquisition swath, presenting a large  

variety of possible incidence angles, swath widths, and 

resolutions (RADARSAT International 2006). It is argued 

that oil slicks can be detected with a contrast as small as 

4 dB (Kotova et al. 1998; Farahiday et al. 1998; Lu et al. 

2000). This indicates that a large part of the RADARSAT-1 

swath could be useful for oil slick detection. Recently, 

Ivanov et al. (2002) reported that the RADARSAT-1 

SAR, in its ScanSAR Narrow mode with swath width that 
exceeds 300 km, is an attractive tool for marine oil pollution 

detection. They showed that the entire ScanSAR image can 

be used for oil slick detection, at least for suitable wind 

conditions.

The standard two beam mode is C-band and has a 

low signal-to-noise ratio due to its HH polarization with 

wavelength of 5.6 cm and frequency of 5.3 GHz. The 

RADARSAT-1 SAR standard two beam data has  spatial 

resolution of 12.5 m × 12.5 m and the swath area of 110 km 

× 100 km. The incidence angle is between 23.7º and 31.0º 
(RADARSAT International 2006). 
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Fractal Algorithm for the Oil Spill Identification

The oil slick detection tool uses fractal algorithms to detect 

the self-similar characteristics of RADARSAT-1 SAR 

image intensity variations.  A box-counting algorithm 

introduced by Benelli and Garzelli (1999) was used in this 

study. The box counting algorithm was used to divide a 

convoluted line of slick which was embedded in the SAR 

image plane (i,j), into smaller boxes. This was done by 

dividing the initial length of the convoluted line of the 

slick at backscatter level  s  by the recurrence level of the 

iteration (Gado & Redondo 1999). We define a decreasing 
sequence of backscattering s tending from 0 the largest 

value, to less than or equal to zero. The fractal dimension 

D (s) as a function of the RADARSAT-1 SAR image 

intensity s is given by:

                          

(1)

where,   M(s) denotes the number of boxes which are needed 

to cover the various slick areas with different backscatter 

intensity s in the RADARSAT-1 SAR image. In addition, 

the subscript s indicates the backscatter amplitude and its 

unit is dB.   The number of boxes was non-overlapping 

which was calculated from the fractal dimension algorithm 

and had a square shape with side length  ls unit. This  is an 

odd, positive integer centred on an arbitrary point in the 

RADARSAT-1 SAR backscatter image surface. Therefore, 

side length was needed to cover a fractal profile, of  
backscatter image s

–D, where D is the fractal dimension 

that was to be estimated. Moreover, the box numbers were 

chosen based on the length of convoluted line of slick 

at backscatter level s.   If the profile being sampled is a 
fractal object, then M(s) should be proportional to s

–D, 

i.e., the following relation, which was adopted from Milan 

et al. (1993), should be satisfied:

 (2)

where C is a positive constant derived from a linear 

regression analysis between log M(s) and log (s).  As 

different box sizes were needed to cover the length of 

convoluted line of slick at backscatter level  s, a number of 

points were produced in the log-log plane. The dimension 

D(s) = DB could be estimated from a linear regression of 

these points (Milan et al. 1993). 

In practice, it is difficult to compute D(s) using 

Equation 1 due to the discrete RADARSAT-1 SAR images 

surfaces, and so  approximations to this relationship are 

employed. First, the RADARSAT-1 SAR intensity  image  

 is treated as a two-dimensional matrix ( × ). This  × 
 intensity image matrix is divided into non-overlapping 

or abutted windows of size l × l, where l is the length of 

RADARSAT-1 S2 data

Radar cross section estimation

Radar incident angle

estimation

Fractal dimension

Accuracy assessment

Look-alike Oil slick detection

Figure 1. Block diagram of fractal dimension algorithm.
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the convoluted line of the slick in the RADARSAT-1 SAR 

image  ( × ). In addition, for each window, there is a 

column of accumulated boxes, each box with size of  l2
s × l. 

The backscatter values (0) are stored at each intersection of 

the column i and row j of the various slick areas.   Then l is 

calculated by using the differential box counting proposed 

by Sarkar and Chaudhuri (1994):

 (3)

Let the minimum and maximum (s) in the (i, j) window 

fall in boxes numbered n and m. The total number of boxes 

needed to cover the various slick pixels in the RADARSAT-1 

SAR image with the box size  l2
s × l  is:

 (4)

Let                          be the probability of the total number 

of boxes M (s) with box sizes ls. This probability should  

be directly proportional to the number of boxes    

                          spanned on the   windows. By using 

Equation 4, the expected number of boxes with size  which 

is needed to cover the slick pixels can be calculated using 

the following formula:

 (5)

According to Fiscella et al. (2000), the probability 

distribution of the dark area belonging to slick pixels can 

be calculated using the formula below:

 (6)

Let                            , q and p be the probability 

distribution functions for look-alike and oil spill pixel 

areas, respectively. From Equations 5, 6 and 1 one can get 

a new formula for estimating the fractal dimension DB:

 (7)

In practice, the limit of M going to zero cannot be taken 

as it  does not produce  a texture image for oil spills or look-

alikes in SAR data.  Using fractal dimensions to quantize 

texture for segmentation, we may divide the slick’s pixel 

areas into overlapping sub-images. Each sub-image is 

centred on the pixel of interest. We then estimate the fractal 

dimension D(0)  within each sub-image, and assign the 

fractal dimension value to the central pixel of each sub-

image. This will produce a textured image that may be used 

as an additional feature in slick pixel classification.

RESULTS AND DISCUSSIONS 

The RADARSAT-1 SAR Standard 2 beam mode (S2) image 

was selected for testing the proposed fractal algorithm. The 

RADARSAT-1 SAR image detail in Figure 2 contains a 

confirmed oil-slick  which occurred near the west coast 
of Peninsular Malaysia on 20 December 1999 (Hashim 

et al. 2006). Figure 3  shows the variation of the average 

backscatter intensity along the azimuth direction in the 

oil-covered area as a function of the incidence angle for 

RADARSAT-1 SAR. The backscattered intensity is damped 

by –10 dB to –18 dB which is above the RADARSAT-1 

noise floor value of nominally –20 dB. The RADARSAT-1 
image covered an area located in between 101º 01’ 01.01’’ 
E to 101º 17’ 11.5’’ E and 2º 25’ 38.6’’ N to 2º 34’ 23.5’’ N. 
This result of backscatter variation across oil spill locations 

agrees with the study of Maged and Mazlan (2005).  

The proposed method for estimating the fractal dimension 

was applied to the raw RADARSAT-1 SAR data by using a 

10 × 10 block at full resolution (Figure 4).  Figure 4b showed 

the resulting fractal map. The fractal dimension map showed 

good discrimination between different textures on the 

RADARSAT-1 SAR image. The resulting fractal dimension 

map appeared to correlate well with image texture regions 

(Figures 4a and 4b). The oil slick pixels were dominated by 

lower fractal values than look-alikes and the surrounding 

environment (Figure 4b). It was interesting to find that the 
region  of the oil slick had fractal values between 1.5 and 

2.3 which might indicate the spreading of the  oil spill. As 

the fractal dimension value increased, the oil spill become 

more thin which could be noticed in areas of A to C.  In fact, 

a thick oil spill dampens small scale waves and reduces the 

roughness of the sea surface compared to a thin oil spill, so 

that there is no Bragg  resonance (Bern et al. 1993). In this 

context, the fractal dimension  is a function of sea surface 

level intensities over the RADARSAT-1 SAR image which 

expresses the self similarity (Benelli & Garzelli 1999).  The 
fractal dimension values of look-alikes are between 2.6 and 

2.8 which could be seen in the areas F and E. The highest 

fractal dimension values of 3.4 and 4.0 in the areas D and 

G represented the occurrence of shear current flow and the 
presence of a ship, respectively (Table 1). However, we  

could expect the fractal dimensions to be within 2 – 3, but 

not 1.5 – 3.6. This would be attributed to the high impact 

of speckles existing in the RADARSAT-1 SAR image.  

It was interesting to discover that the fractal dimension 

algorithm based probability was able to extract ship wake 

information in area H with a value of 3.6. This indicated that 

the corresponding value of fractal dimension for different 

categories allowed a multi-fractal characterization of  the 

different features in a RADARSAT-1 SAR image. These 

results confirm the study of  Maged & Mazlan (2005).
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Figure 2. Oil spill locations are indicated by small squares.  

Figure 3. Radar cross-section intensity along oil slick locations.
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Table 1. Fractal dimension with different classes.

Areas Fractal dimension

Oil spill
A 1.5

B 2.3

C 1.9

Shear current

D 3.4

Look-alikes

E 2.8

F 2.6

Ship

G 4.0

H 3.6

Figure 5 shows the density slicing of the fractal map for 

the large scale area of Figure 2.  It could be seen that the 

low wind zone areas were observed  close to the coastline 

with a 2.6 fractal value. The look-alikes occupy narrow 

areas which were observed  parallel to the coastline with a 

2.8 fractal value. The wide distribution of dark zone pixels 

represents the natural slick in low wind areas (Henschel 

et al. 1997) which is aligned with what could be a current 
shear or convergence zone. This result confirms the output 
result of Figure 4b. By contrast with natural slicks and 

low wind areas, the oil slicks were located away from the 

coastline with fractal values between 2.0 and 2.6 which 

agrees with Figure 4b. The density slicing map (Figure 5) 

confirmed the result of oil spill spreading which was shown 
in Figure 4b. 
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Figure 4. (a) RADARSAT-1 SAR texture feature of oil spill and (b) fractal map.
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Figure 6 shows the comparison between the oil slick 

fractal dimension curve and the surrounding environment 

condition curves. The maximum fractal value of 4.0 

was observed for a group of ships with a 0.9 normalized 

backscatter value.  However, ships and its wakes are not 

considered as fractal features. In this circumstance, the ship’s 

pixels and its wake had higher values than oil spill, look-

alikes and sea surface.  This confirmed the study of Bertacca 
et al. (2005) and indicates that the strong amplitude of 

variation in a RADARSAT-1 SAR image can be mapped as 

fractal discontinuities and small details are easily detected, 

e.g. ships. This result confirms the study of Maged and 
Mazlan (2005). Furthermore, it was apparent that the oil 

spill areas had a parabolic curve  with a maximum fractal 

dimension peak value of 2.3 and normalized RADARSAT-1 

SAR backscatter value of 0.03  (Figure 6).  It was also 

found that the sea surface was dominated by a wide steady 

peak of fractal dimension (Figure 6), which was 2.7, while 
the oil spill had substantially different values of fractal 

dimension, which ranged between 1.9 and 2.6 (Figure 6).  

In fact, the sea surface is considered as a non-fractal object. 

According to Falconer (1990), the slope measure of non-

fractal objects corresponds to the complexity of the objects, 

with the natural implication that the sea surface would have 

a steady value (Figure 6). By  contrast, the look-alike  had 

a normal distribution curve with fractal dimension peak of 

2.8 and the normalized backscatter was between 0.15 and 

0.55; this was distinguishable from  the oil slick and the 

surrounding rough sea (Figure 6).  There appeared to be a 

reduction in the maximum fractal dimension of the oil slick 

compared to that of the look-alike. This could be due to the 

short spatial extent of the oil spill.   It could also be seen  

that there are small differences  of  0.2 and 0.3 between 

the fractal values of the maximum peaks of look-alike, sea 

surface and oil spill, respectively (Figure 6). This could be 

attributed to high surface wind speed which induced sea 

surface roughness in the RADARSAT-1 SAR image along 

the surrounding area of the  oil slicks and look-alike areas. 

This made small differences between the fractal results for 

oil spills and the surrounding sea surface (Bertacca  et al. 

2005).

Figure 7 shows the density probability distribution of  
the fractal dimension values of oil slick, look-alikes and 

low wind zones. The oil slick had a lower peak value of 

density probability compared to the look-alike and low 

wind zones. The oil slick probability density peak was  

0.27 while the look-alike and low wind zones peak  
values were 0.39 and 0.43, respectively. Figure 8 shows 

an exponential relationship between fractal dimension 

and standard deviation of the estimation error for fractal 

dimension of  oil spill, look-alike and sea surface pixels. 

In Figure 8, the ship and its wake pixels were not taken 

into account as they were not considered as fractal. The 

maximum error standard deviation was 0.68 which 

corresponded to the 0.29 fractal dimension value.  This  

could be attributed to the fact that the fractal dimension  

could be viewed as a measure of the scale of the self-

similarity of the object. In a statistical fractal set, the 

interference looks statistically similar if the scale was 

reduced which is similar to the result of Bertacca et 

al. (2005).  This indicates that fractal analysis is a good  
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method to discriminate regions of oil slick from surrounding 

water features.

The use of fractal dimension based on the probability 

distribution function (PDF) improved the discrimination 

between oil spill, look-alikes, sea roughness and low wind 

zones. In fact, involving the PDF formula in the fractal 

dimension map directly related the textures at different 

scales to fractal dimensions. In addition, this modification 
of the fractal equation reduced the problems of speckle 

and sea clutter and assists in the accurate classification of 
different textures over SAR images.  

CONCLUSION

The utilization of RADARSAT-1 SAR imagery for oil slick 

detection was implemented by using a fractal dimension 

algorithm as an automatic tool to discriminate between 

an oil slick and other surface features such as slick look-

alikes and variability of surface roughness. The oil spill 

had characteristic values of fractal dimension which ranged 

between 1.9 and 2.6.  The sea surface roughness had a 

steady value of 2.6 fractal dimension. The interesting result 

was that the low wind area was characterised by the highest 

value of 2.9 fractal dimension. It can be said that the new 

approach of the fractal box counting dimension algorithm 

could be used as an automatic tool for oil spill, and look-

alike detections.

Date of submission: April 2008

Date of acceptance: December 2008
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With rapid population growth and accelerating economic 

development, the supply of electricity and water to the 

masses requires urgent attention to ensure sustainable 

usage. Dams form a part of a controlled irrigation system 

but they also have other roles to play, i.e. in flood control 
and hydroelectric power generation. There are a few 

factors that are needed to be considered carefully when 

designing a dam, i.e. safety, economy, efficiency and 
appearance. Since the construction of dams are considered 

as mega infrastructure projects and for any nation, many 

international organizations such as the International and 

National Commission on Large Dams (ICOLDS) are 

necessarily involved in the documentation of data of a 

Concrete Faced Rockfill Dam (CRFD) in its design and 
construction stage. Dams are designed to withstand all 

applied loads, e.g. gravity load, hydrostatic pressures, 

hydrodynamic pressures, etc. CFRD is recognized as one 

of the best choices by dam consultants and engineers for 

its advantages.

The principal safety of CFRD is studied mainly through 

its structural responses such as deformation and stresses. 

In this study, 2-D software was used to study the structural 

response of the Bakun Dam. The written program has 

Simulation of Birth, Dead and Ghost element techniques, 

input parameters for non-linear analysis, contact between 

different material representing interface behaviour and 

simulation of loading during dam construction and reservoir 

filling.  Structural analysis was conducted considering two 
types of load: the first type was the load due to self-weight 
only which was taken during the period of construction; 

while the second type was self-weight plus hydrostatic 

force from reservoir filling. The objectives of this paper 
are to study the effect of hydrostatic pressure and also to 

compare the behaviour of the Bakun Dam for rigid and 

flexible foundations. 

PREVIOUS FINDINGS

Nobari and Duncan (1972a and 1972b) have presented 

a method for computation of movements in dams due to 

reservoir filling. The technique has been applied to Oroville 
Dam, California and it shows good agreement between 

computed and measured values for horizontal movements. 

Alberro (1972) compared field measurements with finite 

Non-linear Analysis of Water Thrust on Bakun 

Concrete Faced Rockfill Dam

M.H. Ahmad*1, J. Norzaie2, F. Al Qbadi2 and B.D. Daniel1

The functions of dams are for water supply, flood control and hydroelectric power generation. A concrete faced 
rockfill dam (CFRD) is preferred by dam consultants due to its many advantages. It is designed to withstand 
all applied loads, namely gravity load due to its massive weight and hydrostatic load due to water thrust from 

the reservoir. The structural response of the Bakun CFRD which is the second highest dam in the world after 

the Shuibuya Dam, was analyzed using finite element method. A two-dimensional plane strain finite element 
analysis of the non-linear Duncan-Chang hyperbolic model was used in the study of the dam in respect to the 

deformation and stresses of the main dam of Bakun CFRD project. The Dead-Birth-Ghost element technique 

was used to simulate sequences of the construction of the dam. The comparison of rigid and flexible foundation 
on the behaviour of the dam is discussed in this study. In the finite element modeling, the concrete slab on the 
upstream was represented through a six-noded element, while the interface characteristic between the dam 
body and the concrete slab was modeled using an interface element. The maximum settlement and stresses of 
the cross-section were found and their distribution was discussed and tabulated in the form of contours. The 

effect of reservoir filling loading had a gradual effect on the dam response behaviour. Comparisons with no 
water impoundment in the dam were also discussed.
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element computations for the El Infiernillo Dam in Mexico. 
The computed and measured values in this case were found 

not to be in agreement. This discrepancy was primarily due 

to the sensitivity of the elastic constants used in the analysis 

of stresses, load history and testing techniques. 

 

Xingzheng et al. (2002) used 3-D finite element analysis 
to evaluate stresses and deformation of the Yutiao CFRD in 

China during its construction and reservoir filling stage. He 
found that the maximum horizontal displacement occured 
0.34 m upstream and 0.47 m downstream during the final 
stages of construction. After the reservoir was filled, 
the peak deformation was observed at 0.22 m upstream 

while the downstream reading was the same as during 

the construction stage. Maximum vertical displacement 
however, showed its peak settlement at 0.82 m and in the 

case after filling the reservoir, the settlement increased 
slightly. Maximum major and minor principal stresses of 
the dam during construction showed values of 1.78 MPa 

and 0.74 MPa, respectively and occured at the bottom of 

the dam. After filling the reservoir, it gave readings of 1.87 
MPa and 0.70 MPa, respectively.

Chen et al. (2000) used the nonlinear elastic developed 

hyperbolic method, model E-B, by Duncan et al. (1984), 

to analyze Shuibuya Dam’s (233 m) concrete face rockfill. 
The maximum horizontal deformation of the dam was 
0.20 m upstream at the end of construction, while it was 

0.67 m downstream at the end of filling the reservoir. The 
maximum vertical deformation occurred at 2/3 of the dam 
height with a value of 1.67 m at the end of construction and 

0.77 m at the end of filling the reservoir. The maximum 
principle major and minor stresses are 3.18 MPa and 1.02 

MPa, respectively, at the end of construction, and, 3.52 

MPa and 1.27 MPa at the end of reservoir filling.

Khalid et al. (1990) developed a two dimensional 

nonlinear finite element program and studied in great 
detail, the structural response of the Cethana CFRD, 

located in Australia. The maximum vertical and horizontal 
stresses in both  cases at the end of construction and at 

the end of impounding, occurred at the mid-bottom of the 

dam. Instrumentation installed at Centhana Dam provided 

comprehensive data on the structure’s behaviour during 

construction, during filling of the reservoir and for a short 
period of operation. During construction, settlement was 

approximately proportional to the height of the rockfill, 
when rock was placed continuously. Creep settlement 

continued with no increase in fill loading. A high rate of 
settlement continued for up to 2 months after the top 12 

m of rockfill was placed and after the reservoir was filled. 
The vertical and horizontal deflections of the crest during 
a period of about 11 months following the commencement 

of filling the reservoir were (a) maximum vertical = 0.069 
m (b) Horizontal downstream maximum = 0.041 m and (c) 
Horizontal transverse = 0.018 m towards centre from left 

and 0.008 m toward centre from right. The deflection of 
the membrane was essentially normal to the face and was 

a maximum of about 0.013 m at about the lower 0.4 point 
of the slope. After filling the reservoir; the strains in the 
facing were in compressive mode, the maximum being 207 
× 10–6 in the slope direction and 290 × 10–6 in the transverse 

direction.

A common assumption in modeling soil-structure 

interaction by earlier researchers was that the foundation 

was assumed as rigid which led to ignoring differential 

ground motions and its effects on the dam. This reduced the 

complexity of the problem (i.e. the number of additional 
degrees of freedom for accounting for the interaction), and 

made it possible to present general results that could be 

used for different structures. Khalid et al. found that for 

a flexible foundation, the σθ,y stress in the structure was in 

the same order as σRs,y stress, while it was zero for fixed-
base models and near zero for very stiff foundations, 

which reduced significantly the effects of differential 
ground motion. The results for the transfer-function of the 

average motion along the base of the structure showed that 

flexible foundations were not efficient in scattering short 
wavelengths and thus did not shield the structure from 

being excited. He discovered that the assumption made in 
the soil-structure interaction model that the foundation is 

rigid was valid, μF / μs should be more than 20 (for ρF / ρs 

= 1). If the foundation is more flexible than SSI models 
with a rigid foundation; the assumption will not model the 

consequences of differential motion of the ground and may 

underestimate the stresses in the structure. 

FINITE ELEMENT METHOD

The finite element method (FEM) is a powerful tool 
for numerical procedures in analyzing structures and 

continua. Problems involving long bodies where geometry 

and loading do not significantly vary in the longitudinal 
direction are referred to as cases of plane strain. Finite 

element analysis was used to study the behaviour of rockfill 
and predict strains in various portions of the rockfill. The 
results obtained were promising and the method could be 

broadly used in future.

The isoparametric formulation makes it possible to 

generate elements that are non-rectangular and have curved 

sides. In formulating isoparametric elements, natural co-

ordinate systems must be used f (ζ, η). The displacements 
are expressed in terms of natural co-ordinates, but must  
be differentiated with respect to global co-ordinates x, y 
and z.  

Six-noded isoparametric elements are also known as 
incremental elements, wherein the displacement variations 

in ζ and η directions are different. In the case of CFRD, the 
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isoparametric elements become slender due to the minimal 

thickness of the face concrete slab. In quadrilateral element 

derivations we will need the Jacobian two-dimensional 

transformations that connect the differentials of {x,y} to 

those of {ξ,η}. From the chain of partial differentiation, 
derivatives of displacements,  u with respect to ξ and η may 
be expressed in matrix form as:

 (1)

where, [J] = Jacobian matrix of (x,y) with respect to {ξ,η}.

The rockfill embankment in CFRD is represented by 
eight-noded isoparametric elements or in CFRD analysis 

known as parabolic elements. These elements give quadratic 

variation of strain. The trapezoidal element containing eight 

nodes can give solutions for eight unknowns. The stiffness 

matrix is the summation of the quantities at nine integration 
points (Gaussian points). Here, the stiffness matrix in local 
co-ordinates is written as:

 

(2)

 

(3)

where, [K] = stiffness matrix; [Bj] = strain-displacement 
matrix;  [Dj] = elasticity matrix; | J | = determinant of [J]; t 

= thickness of element; Ni = shape function at i. 

In general, the CFRD dam is built on the soil. Modulus 

of elasticity of soil (Esoil) and concrete (Ccon) are totally 

different. Thus it needs a surface between these two 

elements which is known as ‘Interface’. Two parameters 

have been introduced in the interface element, which 

are Kss, denoting the shear stiffness and Knn which is the 

normal differential displacements. The stiffness matrix of 
the interface element can be written as:

 (4)

        

(5)

where, [K] = stiffness matrix; [Bj] = strain-displacement 
matrix at joint; [Dj]= elasticity matrix for the joint;  Kss = 

shear stiffness;  Knn = normal differential displacements; ds 
= the small length of the joint.

Development of infinite elements has helped in 
proper physical modeling of the far field behaviour and 
also reduction in the number of elements and also the 

computational cost. There are two types of infinite elements, 
namely mapped type and decay type. The mapped type 

is the most commonly used infinite element. Improved 
infinite element is based on mapping for modeling of 
unbounded domain problems. By mapping of –1 ≤ ξ ≥ + 1, 
the following expression will be obtained;

 (6)

where,                                                                         

All the equations above are taken from Zienkiewicz (1979).

BAKUN HYDROELECTRIC DAM 

The Bakun hydroelectric power dam is located at the 

Balui River in Sarawak, Malaysia. Costing approximately 
RM5.8 billion, the Bakun Dam will be 205 meters high 

with an approximate crest length of 748.85 m and fill 
volume of 17 000 000 m3, once completed. The dam face 

is essentially a slab of concrete placed against rockfill on 
the upstream slope that extends from the dam crest to the 
plinth. Excavation of earth and soil was carried out before 
the plinth was constructed from concrete. A 7.5 m high 

‘L’ type concrete parapet wall at the upstream of the crest 

serves as an access road with a dam slope of 1 V:1.4 H 
at the upstream and 1 V:1.3 H at the downstream. The 
dam consists of different zones as shown in Figure 1 and  

Table 1. 

MODELLING OF BAKUN CFRD

This dam was modeled as a two-dimensional structure. It 

was divided into layers and each layer was discreted into 

elements, comprising of nodes depending on the types 

of element. The geometry of the dam and the material 

properties in each section of the dam were designed based 

on actual data. Each element was discretized according 

to the respective layer and fitted according to the type of 
material in the respective section of the dam model. For 

soil-structure interaction problems, the layer between main 

dam and concrete face was based on the assumption that 

no slip occured between the structures and the soil or there 

was no possibility for shear stresses to develop (interface 

was perfectly smooth). Two types of dam foundation were 

considered; namely rigid foundation and flexible foundation 
as shown in Figure 2. 
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Figure 1. Different zones in Bakun Dam.

              Flexible foundation                                                                  Rigid foundation  

                             (a)                      (b)

Figure 2. Finite element meshes.

Table 1. Different zones for Main Bakun Dam.

 Zone  Designations

 Concrete 

    slab Having a variable thickness reducing with the height, based on formula 0.3+0.003H.

 Zone 1A & 

    1B Both zones as supporting zones for the upstream, over the lower deck of the perimeter joint.

 Zone 2A A well compacted processed fine filter zone (processed fresh Greywacke). This zone also has a special well graded 
cushion material.

 Zone 2B Has well graded cushion material selected from fresh greywacke, with a maximum size of 100 mm, this zone is 
immediately behind the face slab.

 Zone 3A A transition material placed adjacent to zone 2B with maximum size of 300 mm and minimum size of 5 mm.

 Zone 3B The upstream zone forming approximately 50% – 60% of the embankment including the integrated cofferdam. 
Consist of slightly weathered rock to fresh greywacke.

 Zone 3C A zone within the downstream placed and compacted in layers about 1m thick. It consists of 70% fresh greywacke 
with 30% mudstone. Maximum size 1200 mm to 5 mm.

 Zone 3D This zone is placed and compacted in layers up to 2 meters thick and dosed to downstream face of the dam to serve as 

slope protection, also used within the valley bottom to serve a high-capacity under drain. It consist of coarse slightly 

weathered to fresh greywacke rockfill materials with maximum size 1500 mm.
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For the first case, the dam was designed on a fixed base 
or rigid foundation. The dam was divided into eight zones 

and then further divided into 28 layers. Each layer was 

discreted into 936 elements to give a total of 2870 nodes. 

There were three types of isoparametric elements used 

in this case; namely eight noded isoparametric elements, 

six noded isoparametric elements, and an interface 
isoparametric element. In this case, the boundary condition 

was fixed at the base of the dam. For the latter case, the 
model of the main dam was the same as the former case 

with the addition of foundation layers at the bottom of the 

main dam. The foundation was divided into four layers and 

each layer had infinite elements on both sides. The addition 
to the four layers of foundation gave the increment of 170 

elements and 508 nodes to give a sum of 1103 elements and 

3378 nodes. The dam which was divided into 32 layers was 

assumed to be fixed at 40 m below the foundation level. 

The finite element program which was written for 
linear analysis was modified to incorporate material non-
linearity, sequential construction of the dam for non-linear 

analysis and incremental reservoir filling. In the case of 
geotechnical problems like the height of the Bakun Dam, 

the non-linearity arose from the stress dependence of the 

stress-strain material parameters. The isotropic hyperbolic 

model which was implemented in this study was able to 

capture the non-linear behaviour and pressure-dependency 

effects. It also generated the parameter of Et at each level of 

loading, which included constitutive parameters according 

to E-B parameters such as K, n, Rf, , ∆, Kb, Kur, m as 

listed in Table 2.

The Birth, Dead and Ghost element techniques which 

were used by Norzaie (1999) were used in the finite element 
program to simulate the sequence of construction of the dam 

and each layer was loaded to signify the particular stage of 

construction. At the end of Bakun Dam construction, it was 

planned to impound water after the completion of the dam 

body and in this analysis the reservoir was considered to be 

filled in a single stage. Water loading was applied normal 
to the upstream face.

ANALYSIS AND RESULTS

Non-linear Analysis during the Sequence of 

Construction

Water load was imposed on any sloping surface of the dam. 

The results of the hydrostatic pressure acted perpendicular 

to the upstream face as a force consisting of horizontal and 

vertical components. In simple mathematical concepts, a 

resultant force, W, which acts on an inclined surface can be 

resolved into horizontal and vertical components as shown 

in Figure 3. 

Triangular loading distributed on the concrete face of 

the elements located at the upstream face applied simulated 

stress to the reservoir thrust. The analysis of Bakun Dam 

at the end of filling the reservoir had the same general 
objectives as at the construction period. However, the 
main reason in carrying out such analysis was to verify 

the capability of the model in predicting the behaviour of 

this type of dam during filling the reservoir, whereby the 
unloaded stress paths and principal stress axis rotations play 
an important role in the general behaviour of the dam.

The study of both contours in Figure 6 indicates that 

at any horizontal elevation, the maximum horizontal 
displacement occurs at the upstream face and gradually 

decreases for points in a downstream direction. The 

maximum horizontal displacement occurrs on the upstream 
face at about mid-height. The maximum horizontal 
displacement for the flexible foundation was 1.2 m and it 
was 0.3 m for the rigid foundation. The difference of 0.9 m 

was because large dams like the Bakun Dam have a larger 

effect on horizontal water thrust compared with the main 

dam from the reservoir.

The upstream rockfill embankment was seen to settle 
downwards upon application of reservoir load. The 

maximum vertical displacement with foundation case 
occurred at the upstream side close to the centreline of 

the dam near the foundation level. It was seen that at any 

Table 2. Parameters for Duncan’s E-B Model.

Material γ K n  ∆º m Rf Kb Kur

Cushion material 22.8 400 0.35 50.6 7 0.22 0.78 520 800

Transition material 3A 22.5 780 0.30 52.5 8 0.25 0.77 525 1500

Rockfill 3B 21.3 850 0.30 52.5 10 0.20 0.77 550 1700

Rockfill 3C 20.6 700 0.35 48.0 7 0.10 0.73 300 1500

Rockfill 3D 20.5 760 0.35 52.5 10 0.18 0.76 460 1500

Foundation 19.0 300 0.45 38.0 2 0 0.8 150 600
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horizontal elevation, the vertical displacement was higher at 

the upstream face and gradually reduced towards points on 

the downstream side. At the elevation below the foundation 

level, the smaller interval gave a higher difference of 

stresses, as the contours were closer apart compared to the 

main rockfill. The maximum value of horizontal stress for 
the flexible foundation type was 3.4 m.

For the rigid foundation type, the maximum value of 
stress was produced at the centerline of the dam. Compared 

to the vertical displacement at the end of construction which 

is illustrated in Figure 5, the maximum value of vertical 
displacement at the end of reservoir fillings increased by 
0.1 m (Figure 5 gave 1.1 m and Figure 4 gave 1.2 m). The 

vertical and horizontal displacements were considerably 

affected by the water thrust exerted onto the upstream of 
the dam. 

Contours of horizontal, vertical, shear, major and minor 

principal stress for full reservoir conditions are shown in 

Figures 7 to 9. These stresses also included the stresses at 

the end of construction which were fed into the computer 

as on initial condition, adding to the hydrostatic pressure to 

enable the analysis for a full reservoir condition.

The comparison of horizontal and vertical stress 

contours for a full reservoir condition (Figures 7 and 8) 

with those of end of construction (Figure 10) introduced 

the effect of application of reservoir load on the horizontal 

and vertical stresses in the rockfill. It was seen that with an 
application of reservoir water load, both the horizontal and 

vertical were increased considerably in the upstream at the 

centre of the dam cross-section. 

In comparison between Figure 8 and Figure 10 using 

a flexible foundation, the maximum value of horizontal 
stress was higher, i.e. 1000 kN/m2 and 1125 kN/m2 at the 

end of construction and at the end of filling the reservoir 
respectively, occurring at the foundation level.  Even 

though both analyses did not produce much difference in 

the magnitude of maximum horizontal stress occurring 
closer to the downstream, there was an increase of values 

at the upstream side. This was due to the extra force exerted 

by the water thrust from the reservoir to the upstream  

face. In the case of rigid foundation, the maximum  
values of horizontal stresses were 2000 kN/m2 and 1875 

kN/m2 for filling the reservoir and end of construction, 
respectively. 

Figure 10 gives the end of construction analysis, 

yielding maximum values of vertical stresses of 3000 kN/
m2 and 3375 kN/m2 for with and without foundation cases 

respectively, at the foundation layer. On the other hand, 

Figure 7 yielded 3500 kN/m2 for both cases. Comparisons 

of both contours at the end of construction and filling the 
reservoir looked much similar and no major changes were 

produced, as in the contours of horizontal stresses. 

For the ‘with foundation’ case, there was an obvious 

effect of filling the reservoir compared to the rigid 
foundation case where the effects of filling the reservoir at 
the downstream were very minimal. In the case of CFRD, a 

buoyancy effect was absent and the water load was applied 

on the upstream sloping face resulting in a considerable 

increase in both the horizontal and vertical stresses in the 

upstream portion of the rockfill embankment section.

A comparison of shear stresses for a full reservoir 

condition with the analysis at the end of construction 

shown in Figures 9 and 10 indicated an application of water 

load. The zero shear value shifted from the centre of the 

dam at end of construction to the region at the upstream 

side. The shear in the downstream portion was further 

increased (+600 kN/m2 with foundation and +475 kN/m2 

without foundation) compared to +400 kN/m2 at the end 

of construction while the shear in the upstream portion 

was considerably reduced (–150 kN/m2 and –200 kN/

m2, respectively) compared to –400 kN/m2 at the end of 

construction. This was quite understandable because at the 

end of construction the rockfill had a tendency to spread 
out from the centre towards the upstream and downstream 

face, while the water load tried to push the whole dam 

in a downstream direction resulting in more shear stress. 

However, there was an increase of maximum stress value 
which occurred at the small region at the heel of the 

upstream for both cases. 

 

V  component  

Water  
W  

 

Figure 3. Face sealing ‘concrete faced’ due to water head.
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   (a)                      (b)

Figure 4. Contours for vertical displacement with reservoir operation for with and without (rigid)  

foundation for non-linear analysis.

   (a)                      (b)

Figure 5. Contours for vertical displacement at the end of construction for with and without (rigid)  

foundation non-linear analysis.

   (a)                      (b)

Figure 6. Contours for horizontal displacement with reservoir operation for with and without (rigid)  

foundation for non-linear analysis.
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   (a)                      (b)

Figure 7. Contours of normal stress, σx at reservoir operations for with and without foundation for non-linear analysis.

   (a)                      (b)

Figure 8. Contours of normal stress, σy at reservoir operations for with and without foundation for non-linear analysis.

   (a)                      (b)

Figure 9. Contours of shear stress, τxy at reservoir operations for with and without foundation for non-linear analysis.
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As proposed by Singh and Varshney (1995), a simple 

way of calculating the factor of safety due to water loading 

was used as shown in Table 3 which represented a very 

high factor of safety against sliding, meaning that there was 

no possibility of sliding between the concrete slab and the 

body of the dam. The details of the calculation are shown 

in Table 3.

CONCLUDING REMARKS
 

The 205 m high Bakun CFRD that is currently under 

construction in Sarawak was modeled and discretized  

using finite element analysis. Two cases, with (flexible) 
foundation and without (rigid) foundation were analyzed 

using a few elements; namely interface elements (between 

face slab and main rockfill), six noded isoparametric 
elements, eight noded isoparametric elements (main 

rockfill), and infinite element (for element in foundation 
layers only). 

The FEA program simulation technique using Birth-

Dead-Ghost sequence was easily understood since 

simulation in the stages of construction considered each 

layer which comprised of several elements. The model was 

idealized for plane strain problems and types of loadings 

were simulated as non-linear analysis. By using the latest 

hyperbolic non-linear elastic model version (Duncan-

Chang 1984), two cases of loading were considered and 

the case at the end of reservoir impoundment (the values, 

i.e. displacement, strains and stresses) obtained at the end 

of construction were stored in the program. Effects on 

hydrostatic pressure imposed at the upstream of Bakun 

CFRD were discussed. Contours at the end of construction 

and end of reservoir fillings were also discussed.

Based on the analyses that was carried out, the following 

conclusions were drawn:

 (i) There was an increase in vertical displacement 

with a percentage of 11.8% and 8.3% for 
‘with foundation’, and ‘without foundation’, 

respectively compared to the end of construction 

before the water impoundments.

 (ii) Horizontal displacement increased for both cases 
which showed an increment of 0.8 m and 0.1 m 

for the case of ‘with foundation’ and ‘without 

foundation’, respectively. The maximum value 
of horizontal displacement occurred near the 

upstream slope.

 (iii) By comparison with the end of construction 

analysis, there was an increase of σx and 

σy during filling the reservoir due to water 
thrust exerted on the main dam slope. There 
was a slight increment of the σx value along  

the upstream of the dam and a larger increment 

in the σy value towards to the base of the  

dam.

 (iv) The maximum value of the normal stresses, σx 

occurred at the 1/3 of the Bakun CFRD height 

from the heel near the upstream slope for both 

‘with foundation’ and ‘without foundation’ 

 
 

 

                                  (a)                                                       (b)                                  (c)

Figure 10. Contours of normal and shear stresses, σx, σy and τxy at the end of construction for  

with foundation for non-linear analysis.

Table 3. Calculating safety factor as proposed by Singh and Varshney (1995).

Description Forces (kN)

Water pressure force (Pw = γw x h2 / 2) 194242.91

Horizontal component of water pressure (Pw sin θ) 112901.18

Vertical component of water pressure, (Pw cos θ) 158062.11

Weight of rockfill of the dam 1287671

Total vertical forces 158062.11 + 1287671 = 1445733.11

Ratio of vertical forces to horizontal forces 1445733.11 / 112901.18 = 8 >1
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cases. For σy, due to the ‘overburden’ 

phenomenon of the self-weight of the dam, the 

maximum stresses took place at the middle of 
the base of the dam for both cases.

 (v) The behaviour of major and minor principal 

stresses were the same with slight increases in 

the maximum and minimum value of vertical 
and horizontal normal stresses. 

 (vi) While normal stresses, σx and σy increased 

compared to the end of construction, the major 

and minor principal stresses increased as well. 

Through observation at its contours, the ‘with 

foundation’ case had a more significant increase 
compared to the ‘without foundation’ case. 

Similarly, minor principal stresses experienced 
an increase along the upstream at the upstream 

slope face and substantially increased at the 

middle of the dam, as did the vertical stresses. 

For rigid foundation, minor principal stresses 

yielded a smaller value of maximum horizontal 
stresses but there was no difference between 

major principal stress and vertical stress. 

Date of submission: October 2007

Date of acceptance: December 2008
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Multi-wavelength sources are becoming an increasingly 

attractive solution in fulfilling the role of a laser source for a 
wide range of applications that include optical fibre sensors 
and dense wavelength division multiplexing (DWDM) 

communications applications. There are many methods of 

generating simultaneous multiwavelength output such as 

Brillouin/erbium fibre lasers (BEFLs) (Park et al. 2005; 

Harun et al. 2007) and multiwavelength erbium-doped fibre 
lasers (MWEDFL) (Chow et al. 1996; Yamashita & Hotate 

1996; Graydon et al. 1996; Sun, Qin & Huang 2000;  Dong 

et al. 2000). However, the BEFLs have a limited channel 
number and a fixed channel spacing of about 0.08 nm. 
Stable multiwavelength sources based on erbium-doped 

fibres (EDFs) are difficult to obtain due to the homogeneous 
broadening of laser modes. MWEDFLs were reported 
either by immersing the EDF in liquid nitrogen (Yamashita 
& Hotate 1996) or using specially designed twin-core EDF 
(Graydon et al. 1996). Recently, semiconductor optical 

amplifiers (SOAs) have received much attention for signal 
amplification in optical networks (Kelly et al. 2004). 

Compared to conventional optical amplifiers, SOAs have 
many advantages such as compactness, lightness, lower 

power consumption as well as being mass producible. 

Additionally, the SOA is a gain medium with a dominant 
inhomogeneous broadening property and thus can generate 

multiple lasing wavelengths at room temperature (Harun 

et al. 2008). 

In this short communication, a new and simple 

configuration of multi-wavelength light source was 
proposed and demonstrated using a SOA and array 
waveguide grating (AWG).  The multi-wavelength source 
had several important advantages such as stable multi-

wavelength operation at room temperature, a broad 

workable wavelength band and no need for optical pump 
lasers. The proposed multi-wavelength source used an 

SOA and AWG which were built together in one chip. 
This made the device much more compact compared with 

the conventional multi-wavelength source. The compact 

device was suitable for use in field applications. 

EXPERIMENTAL SET-UP

Figure 1 shows the configuration of the proposed multi-
wavelength source using a SOA and an AWG.  The 
SOA was driven by various bias current settings and the 
temperature of the SOA was set at 30ºC using a laser diode 
controller. The current flow through the SOA generated the 
spontaneous emission of photons from the semiconductor 

gain medium due to the recombination of electron-hole 

pairs. The generated amplified spontaneous emission (ASE) 
signal of the SOA was then filtered by the AWG, allowing 
only the ASE signal spectrum that fell within the filter pass-
band to pass through the AWG, to generate a simultaneous 
multi-wavelength output light.  An optical circulator was 
used to route the ASE from the SOA into the AWG and 
the filtered light from the AWG into an optical spectrum 
analyzer (OSA). 

The SOA was made from an InGaAsP-InP ridge 
waveguide with facets angled at 10º and was antireflection 
coated. It had a saturated output power of 10 dBm, a 

maximum bias current of 400 mA and had a centre operating 
wavelength of 1534 nm with a spectral width of 40 nm. The 
SOA had a small signal gain of 20 dB with a gain saturation 
current of 160 mA. The noise figure of the SOA averaged 
10 dB for the low signal and 7 dB for the high signal. The 

SOA-based Multi-wavelength Source

S.W. Harun1*, A.H. Sulaiman2 and H. Ahmad2

We demonstrate a multi-wavelength light source using a semiconductor optical amplifier (SOA) in conjunction 
with an array waveguide grating (AWG). The experimental results showed more than 20 channels with a 
wavelength separation of 0.8 nm and an optical signal-to-noise ratio of more than 10 dB under room temperature. 
The channels operated at the wavelength region from 1530.4 nm to 1548.6 nm, which corresponded to AWG 
filtering wavelengths with SOA drive current of 350 mA. The proposed light source had the advantages of a 
simple and compact structure, multi-wavelength operation and the system could be upgraded to generate more 

wavelengths.
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SOA would manifest a strong resonant when it was biased 
at a high current which generated a ripple in an output 

ASE spectrum. The AWG used in this experiment was a 
24 channel AWG with a channel spacing of 100 GHz or 
0.8 nm. Port 1 of the AWG began at 1530.4 nm and the 
last port, port 24 was at 1548.6 nm. Two output ports of 
the AWG were connected together in the experiment. The 
insertion loss of AWG varied from 2.2 to 3.3 dB within 
ports 1 to 24.

RESULTS AND DISCUSSION

Figure 2 shows the ASE spectrum of the SOA when the bias 
current was set at 350 mA. The ASE had a power of above 
–30 dBm within the wavelength range of 1510 to 1550 nm.  
The ASE power peaked at around 1530 nm region with two 
lasing wavelengths due to the back reflection in the SOA 
cavity.  A power ripple was also observed in the spectrum 
which was due to a strong resonant in the laser cavity. The 

output spectrum of the multi-wavelength source is shown in 

Figure 3, showing more than 20 wavelengths within 19 nm 
bandwidth of C-band with most of the peak power above 
–45 dBm and channel spacing of 0.8 nm. The SOA’s bias 
current and temperature was set at 350 mW and 30 degree 
Celcius, respectively. In the experiment, two output ports 
of the AWG were connected together, as shown in Figure 1. 
All three combinations of port connection showed almost 
similar output as shown in Figure 3. The laser wavelength 
spacing was controlled by the AWG spacing which was 
determined by phase difference between the light paths. 

The ASE light from the SOA was sliced into multiple 
wavelength channels by AWG through inference effects. 
Due to the phase difference among the AWG ports when 
the two propagating beams met at the coupling region, 

it interfered constructively and destructively, to generate 

a multi-wavelength light source. The channel spacing of 

the light source was determined by the amount of phase 

difference which was dependent on the AWG design. The 
gain characteristics of the SOA and insertion loss variation 
among the channels of the AWG also contributed to the 
variation of peak power. Figure 3 also shows that a optical 
signal-to-noise ratio (OSNR) of over 10 dB was obtained 
for the most of the channels under room temperature. One 
or two channels of the output spectrum was missing due to 

some defect inside the AWG, as shown in Figure 3.

The results after monitoring the output spectrum of 

Figure 3 for a long time indicated that the wavelength 
spacing kept remains constant with only slight power 
fluctuations among the output channels. This behaviour 
could be attributed to the clamped gain in the SOA-based 
laser through lasing line oscillation (Tiemmeijer et al. 

1995). From the experiment, it could be seen that the multi-
wavelength source was able to generate a stable and narrow 

spaced channel for DWDM or sensor applications. The 

multi-wavelength source design was considerably compact 

due to its use of the SOA and AWG. The system could 
also be upgraded to more lasing wavelengths by simply 

upgrading a number of channels of the AWG. 

CONCLUSION

A compact multi-wavelength light source was demonstrated 
using an SOA and an AWG. The source generated 
more than 20 channels within 1530.4 nm to 1548.6 nm 
wavelengths at 1530.7 nm, 1531.5 nm, 1632.3 nm and 
1533.1 nm. At the SOA drive current of 350 mA, most 
of the channel wavelengths had a peak power above –45 
dBm and OSNR above 10 dB. The laser showed stable 
multi-wavelength channels with a wavelength separation 
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Figure 1. Configuration for the multi-wavelength source.
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 Figure 2. ASE spectrum of the SOA at bias current of 350 mA.

Figure 3. Output spectra of the multi-wavelength light source at different output ports combination. 
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of 0.8 nm. The proposed source had the advantage of stable 
multi-wavelength outputs at room temperature with simple 

and compact structure. It had many potential applications 

in DWDM and sensor applications.
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Age-related macular degeneration (AMD) is a degenerative 

condition of the central retina (macula). It has a devastating 

impact as it causes the loss of retinal photoreceptors in the 

late stages, ultimately leading towards the loss of visual 

acuity if the foveal region which is responsible for fine vision 
is damaged (Curcio et al. 1996; Owsley et al. 2000; Reme 

et al. 2003). It is the most common cause of vision loss in 

the USA. AMD has been estimated to affect between 0.7% 

to 1.9% of the population studied in the USA (The Beaver 

Dam Eye Study;  Wisconsin); Netherlands (Rotterdam) and 

Australia (Blue Mountain; Sydney and Victoria); (Klein  

et al. 1992; Mitchell et al. 1995; Vingerling et al. 1995; van 

Newkirk et al. 2000). It is stated to be the leading cause 

of irreversible visual loss for individuals over 50 years of 

age in Australia (Attebo et al. 1996; VanNewkirk et al. 

2001).  Many earlier electro-physiological studies using 

full-field study stimuli have established abnormalities in 
AMD patients. In electro-oculogram studies, Walter et 

al. (1999) found an overall decrease in amplitude in their  

AMD patients and a similar result has been obtained for 

gaAMD patients (Falsini et al. 1999). In mfERG studies,  

the amplitude was greatest in the fovea and decreases 

gradually with eccentricity in the control subject (Huang 

et al. 2000), the variability of the response density was 

greater from the central retina (eccentricity 0º to 9º) 

compared to from the peripheral retina (13.1º–18.7º) as 

reported by Verdon & Haegerstrom-Portnoy (1998). A 

summary of changes in response to various retinal diseases 

have been summarized in a mfERG study by Hood (2000). 

The common finding is that, damage to the photoreceptors 
caused decrease in the amplitude of local mfERG responses 

compared to normal responses, leading to a decrease in 

response density. 

The present study was carried out to compare the 

response from normal healthy subjects and AMD patients 

using a new type of multifocal VEP (mfVEP) recording 

technique, the pattern-pulse multifocal VEP (James 2003). 

In mfVEP, the areas of cortex were independently stimulated 

according to a binary m-sequence governing the contrast 

of each of many stimuli; therefore the optic pathway 

conditions could be diagnosed using responses from 

multiple individual segments of the visual field, allowing 
topographic visual field deficits to be characterized using 
measures such as reduced response amplitudes or abnormal 

latencies. Although AMD affects central vision, peripheral 

vision may remain unaffected. Having this in mind, the 

stimulus for mfVEP used in this study encompassed the 

macula (ring/eccentricity 1–5; see stimulation delivery, 

below) but it also covered more peripheral retina (ring/

eccentricity 6–7; see stimulation delivery, below). Stimuli 

presented in eccentricities six and seven were thus outside 

the anatomically defined macula. Since small stimulation 
techniques like this study is recommended in patients with 

retinal pathology (Walter et al. 2000), one might expect the 

focal retinal abnormalities in AMD to affect the mfVEP 

responses from the central retina more that the responses 

from the peripheral retina.

Pattern-pulsed MfVEP Waveform of Age-related 

Macular Degeneration Patients

Y. Rosli1*, T.L. Maddess2, A.C. James2 and X.L. Goh2

Responses were recorded from normal healthy subjects and age-related macular degeneration (AMD)  

patients and evaluated, using a new variant of mfVEP.  Subjects information was recorded using 64 EEG  

channels with a computer-based acquisition system. The stimulus layout was a 84 region cortically-

scaled dartboard comprising 12 sectors and seven concentric rings subtending a diameter of 23º, presented  

dichoptically at 60 Hz.  Data from the control and AMD patients were statistically compared when fitted 
concurrently into the multiple regression analysis. The Pattern-pulse mfVEP technique could distinguish 

between normal eyes and those with a definite diagnosis of dry and wet AMD when responses from the macula 
were considered.
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 METHODS AND DATA ACQUISITION

Subjects Selection Criteria

Twenty-six subjects were recruited for the control group 

with no history of eye diseases, no complaints concerning 

visual function, best corrected acuity, normal interocular 

pressure and normal visual field. The age range was 20 to 
77 years (mean 39.0 ± 15.8 years) and 11 were females. 

AMD patients were recruited from patients seen within 

the past two years at the Canberra Eye Hospital, Australia. 

Four patients with wet AMD (cvAMD) in either eye or 

both eyes (mean age 75.0 ± 17.0 years) participated in the 

study. None of the subjects had systemic diseases or were 

on medication (e.g. chloroquine) known to affect retinal 

function. Patients with ocular diseases other then AMD 

were excluded. All subjects were informed of any potential 

risks prior to participation and gave written consent. This 

research was approved by Australian National University 

Human Research Ethics Committee and adhered to the 

tenets of the Declaration of Helsinki.

Subject Preparation

A correctly sized head cap with 64 electrode channels was 

placed over the subjects’ head. Electrode holders on the 

head cap were filled with gel (Signa Gel, Parker), pin-type 
active electrodes were used and the contact quality was 

checked by the offset values in the BioSemi acquisition 

software (Biosemi Ltd, Amsterdam).

Multi-modal Data Acquisition System with Active 

Electrodes (ActiveView)

The experimental data were simultaneously sampled at 

256 Hz per channel and collected using the ActiveTwo 

BioSemi data acquisition software, ActiveView. The pin 

type Active Ag-AgCl electrodes mounted on the head cap 

were connected to the Biosemi 64 channel A/D interface 

box.  The A/D-box digitized each of the 64 sensory signals 

with 24 bit resolution and the output were sent to the data 

collection computer. The collected data were buffered and 

streamed in near real time by data acquisition software 

(ActiveView, BioSemi).

Stimulus Delivery

The stimuli subtended a diameter of 23º and were presented 

dichoptically at a 60 Hz frame rate. The stimulus layout was 

an 84 region cortically-scaled dartboard, with 12 sectors 

and 7 concentric rings. The increasing eccentricity of the 

ring centres were 1.6º, 3.0º, 4.8º, 7.1º, 10.2º, 14.3º, and 

19.8º permitting approximately similar areas of cortical 

area V1 to be stimulated by each region, generating results 

of a similar magnitude across eccentricities. Each recording 

run lasted for 241.75 s, carried out in four segments of 

average duration 60.94 s; with 14 505 frames per run. 

Within each frame, one or more regions could be active 

9 (Figure 1). Each 4 × 4 checkerboard pattern was pulsed 

on for 33 ms with the black checks having a luminance 

of 1 cd/m2, and the white checks having a brightness of  

180 cd/m2. When these checkerboards were displayed, 

50% of the time they had one or the other check polarity 

and when no checkerboard was present the monitor was 

maintained at the mean luminance of 90 cd/m2. Stimulus 

markers were output by the stimulus computer’s parallel 

port and recorded in the response file.

Data Analysis

The continuously recorded data file was transferred to a 
data analysis environment (Matlab; Mathworks, Natick, 

Figure 1. Sample of dichoptic stimulus at frame 708; that is delivered concurrently to the left eye  

(OD, left panel) and the right eye (OS, right panel).
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MA). The set of 64 scalp electrodes was augmented with a 

zero signal for the reference channel Fpz and the average 

signal over the resultant set was subtracted from each signal, 

to give an average-referenced response signal set. Mean 

responses from all channels over the 84 regions and normal 

subjects were extracted and these were compared to mean 

responses collected at channel POz and from the occipital 

electrodes channels. Regression analysis was later carried 

out. A rectilinear layout was used to represent these sets of 

response waveforms obtained from the 64 electrode-array 

on a scalp plot matching the dartboard stimulus. The layout 

was indexed vertically by the polar angle above the horizon 

of the region’s center, from –75º to 75º, and horizontally by 

the eccentricity in the visual fields (the left or the right of 
the regions center). 

RESULTS AND DISCUSSION

The mean responses of the normal control subjects 

exhibited waveforms at all eccentricities (Figure 2), 

with slight changes in the amplitude with increasing 

eccentricity. Among the AMD patients however, the 

amplitude decrease was dramatic,  showing a decrease 

in response to the inner visual regions, especially in the 

central eccentricity. Interestingly, not one region showed 

absence of responses from either OS or OD, although we 

observed a lag in the waveforms from the OS and OD, or 

deficits in either waveforms depending on the case. The 
focal electrophysiological deficits found in AMD were 
consistent with the loss of rods  and cones (Curcio et al. 

1996) in and around the retinal area of AMD that had been 

reported before (Verdon & Haegerstrom-Portnoy 1998). We 

observed very significant (p<0.000) amplitude depression 
in the inner four rings in AMD patients.  This concurred 

with the report by Jurklies et al. (2002) who reported that in 

cvAMD patients the response densities were reduced within 

the central 5° (in this study, eccentricity 4 was at 4.8°). We 

deduced that it could be that the reduction seen signified 
that there had been some form of deterioration on average 

that had started to take place in these eyes in comparison 

with the MERG study by Li (2001), who reported the 

significant abnormality in the foveal amplitude and the 
foveal latency of MERG in pre AMD or early AMD eyes 

as well as asymptomatic contralateral eyes. Earlier studies 

have reported notable pathological changes in patients with 

AMD with reduced amplitudes indicating there were only a 

few cells present (Walter et al. 1999; Walter et al. 2000). 

As mentioned, the data from the normal control 

subjects and the AMD patients were fitted concurrently in 
the multiple regression analysis model, hence statistical 

response comparison could be made between the groups 

with minimum error since the compounding factors 

75

45

15

–15

0

–45

–75

20L

P
o
la

r 
an

g
le

 (
D

eg
re

es
 a

b
o
v
e 

h
o
ri

zo
n
)

All normal (Control) subjects

14L 10L 7L 5L 3L 2L

Eccentricity (Degrees)

2R 3R 5R 7R 10R 14R 20R

Figure 2. Rectilinear layout of the response set of the grand means from all the 26 normal subjects; the left eye  

(OD) and the right eye (OS) responses were almost superimposed showing good responses from healthy retinas.
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were removed in the parsimonious model. By fitting the 
effects of gender and age independently, we now had an 

unambiguous picture of the other independent effects such 

as the presence of AMD. For the normal control subjects, 

it was found that eccentricity did not significantly affect 
the mean responses as was thought initially. There was 

also a significant interaction between age and repeats, at a 
significance level of 0.29 ± 0.05 µV (p<0.000) indicating 
older subjects performed better with the number of repeats. 

The responses from the normal control subjects eyes were 

found to be similar to the tested normal control eye. As 

a new technique that was only starting to be explored, 

assessment of the mfVEP’s repeatability under the 

recording conditions used in this study was an important 

determinant of the utility of this technique. We also found 

from the regression analysis model (not shown) that better 

responses were recorded with the number of repeats for 

subjects regardless of the gender and the age. 

In the case of bilateral cvAMD, subject 219 (male, 81 y., 

OS 6/60, OD 6/36: Figure 3), still showed response from 

the legally blind eye (due to disciform macular degenerative 

leakage with haemorrhage). Response amplitudes from his 

better eye, OS were bigger in the lower hemifield with  
reduced response of the inner three eccentricities in the 

lower hemifield and at almost all eccentricities in the upper 
hemifield. Another subject in this category was 227 (female, 
77 y., Figure 4). The response amplitude in this subject 

was reduced dramatically in almost all eccentricities, both 

upper and lower visual hemifields. 

In the case of unilateral AMD, subject 221(male, 51 

y., OD was the better eye 6/5; OS had exudative cvAMD, 

Figure 5) the response amplitude showed patchy response, 

mainly reduced amplitude not confined to the upper but also 
in the lower eccentricities and at almost all eccentricities. 

Similarly, subject 234 (female, 91 y., OD, 6/12, Figure 6) 

also showed a remarkable difference between the response 

amplitude between both eyes, understandingly from the 

condition of the tested eye, in addition to the reduced 

response amplitudes of the upper hemifield.

These early results proved that in the cases of advance 

AMD, the peripheral vision might be affected too. It was 

also worthy to note that there were indeed small responses 

from legally blind eyes, as none of the mfVEP waveforms 

were completely extinguished.  This could only mean 

that this technique was able to stimulate the remaining 

retinal neurons of patients who were blind from a end 

stage photoreceptor generative disease like AMD.  The 

pattern pulse mfVEP technique could detect these changes 

remarkably well and was able to pick up these differences 

from the different stages of this debilitating disease. Future 

work would involve a detailed analysis of macular retinal 

function along with classification, extent and location of 
abnormalities of the pathogenesis of AMD. 
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Figure 3. Rectilinear layout of the response set of the grand means from bilateral AMD subject 219;  

showing patchy reduced responses from both eyes.
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Figure 4. Rectilinear layout of the response set of the grand means from bilateral AMD subject 227,  

showing the severely reduced responses especially in the central regions.

Figure 5. Rectilinear layout of the response set of the grand means from unilateral AMD subject 221. Although the left eye  

(OD)  is the better eye, it has already showing early signs of possible retinal degeneration.
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The pyridine ring systems are very widely distributed in 

nature, especially in the plant kingdom. Many important 

alkaloids are pyridine derivatives (Joule, Mills & Smith 

1995). The pyridine ring plays a key role in several 

biological processes, such as in the oxidation/reduction of 

coenzyme nicotine adenine dinucleotide (NAPP) (Badger 

1961; Acheson 1967). 

The fluorescence characteristic of pyridine or other 
heterocyclics have not been extensively studied, even  

though a wide variety of heterocylic compounds are believed  

to be fluorescent (Bridges, Davies & William 1966). 

This work involved synthesizing various pyridine 

derivatives and was followed by studying their fluorescence 
characteristics in various solvents, over time intervals and 

with different concentrations. This work was also aimed 

to study the effect of electron donating and electron 

withdrawing groups on fluorescence intensity. However, 
this paper will only report on the fluorescence characteristics 
of 3-nitro-2-phenoxypyridine and 3-nitro-2-(4-methyl)

phenoxypyridine. 

MATERIALS AND METHODS

Synthesis of 3-Nitro-2-phenoxypyridine

Phenol (0.26 ml), sodium hydroxide (0.1248 g) and water 

(1 ml) were refluxed until a residual solid was formed. 
2-Chloro-3-nitropyridine (0.5014 g) was added to the 

mixture and refluxed for another 4 h. The mixture was 

evaporated and the  slurry was extracted with chloroform 

(2 × 10 ml). The chloroform extracts were washed with 

5% sodium hydroxide (10 ml) and water (3 × 10 ml) and 

dried over anhydrous sodium sulphate. Evaporation of the 

solvent gave the product, a light yellow brownish solid. 

TLC was carried out to check the purity of the product. 

Yield: 0.3502 g, 52%; IR(cm–1) : 2923.83–2855.46, 

1577.22, 1459.97, 1246.82; 1H NMR (400 MHz, CDCl3) , 

δ:8.30, m, 2H (H-4, H-6), 7.42, dd, 2H (H-2’, H-6’), 7.25, 
t, 1H (H-5), 7.10, m, 3H (H-3’, H-4’, H-5’); 13C NMR (400 

MHz, CDCl3) , δ:150.789 (C-2), 147.516 (C-1’), 146.778 
(C-3), 130.454 (C-6, C-4), 124.706 (C-2’, C-6’), 120.806 
(C-4’), 116.700 (C-3’, C-5’), 113.238 (C-5); M+: 216.00; 

C11H8N2O3 requires M+ =216.19 

Synthesis of 3-Nitro-2-(4-methyl)phenoxypyridine

p-Cresol (0.51 ml), sodium hydroxide (0.1952 g) and water 

(2 ml) were heated until a solid was formed. The solid and 

2-chloro-3-nitropyridine (0.7737 g) were refluxed for about 
7 h. The mixture was evaporated and the residue slurry 

was extracted with chloroform (25 ml).  The chloroform 

extracts were washed with 5% sodium hydroxide (10 ml) 

and water (3 × 10 ml), and dried over anhydrous sodium 

sulphate. Evaporation of solvent gave the products as a light 

yellow brownish solid. Yield: 0.2276 g, 20.28%; IR(cm–1) 

: 2954.00–2854.08, 1577.22, 1592.42–1506.72, 1456.77–

1424.65, 1245.97–1164.67, 805.24; 1H NMR (400 MHz, 
CDCl3) , δ:8.30, m, 2H (H-5, H-4), 7.42, t, 2H (H-3’, H-5’), 
7.25, d, 1H (H-5), 7.09, m, 2H (H-2’, H-6’); 2.38, s, 3H, 
s, (CH3); 

13C NMR (400 MHz, CDCl3) , δ:156.372 (C-2), 
152.023 (C-2’, C-4’), 150.451 (C-3), 135.717 (C-5, C-4), 

Fluorescence Characteristics of  

3-Nitro-2-phenoxypyridine and  

3-Nitro-2(4-methyl)phenoxypyridine

Z. Abdullah1*, Z.I.A.Halim1, M.A.A. Bakar1 and A.M. Idris1

3-Nitro-2-phenoxypyridine and 3-nitro-2-(4-methyl)phenoxypyridine were obtained when 2-chloro-3-

nitropyridine was treated with phenol and p-cresol, respectively.   Fluorescence studies were carried out 

in various solvents, in capped and uncapped conditions and for differing concentrations.  Both 3-nitro-2-

phenoxypyridine and 3-nitro-2-(4-methyl)phenoxypyridine were fluorescent compounds but 3-Nitro-2-(4-
methyl)phenoxypyridine was more fluorescent than 3-nitro-2-phenoxypyridine  in all the solvents used. The 
fluorescence intensity decreased with concentration and time.
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130.487 (C-2’, C-6’), 121.673 (C-3’, C-5’), 118.243 (C-5), 
21.165 (C of CH3); M

+: 230.00; C12H10N2O3 requires M+ 

=230.22

 

SPECTROSCOPIC ANALYSIS

All solvents were re-distilled before use. Melting points 

were determined with Electrothermal Melting Point 

Apparatus and were not corrected. Infrared spectra were 

recorded using Perkin Elmer 298 Infrared Spectrometer and 

FTIR Perkin Elmer 1600 Series. 1H and 13C NMR spectra 

were recorded on a Joel JNM-LA400 FT and Joel-EX90A 

FT NMR systems spectrometer. The mass spectrum were 

recorded using GCMS Hewlett-Packard HP 6890 Series 
with mass selective indicator.

FLUORESCENCE STUDIES

3-Nitro-2-phenoxypyridine and 3-nitro-2-(4-methyl)

phenoxypyridine of the same concentrations were prepared 

in ethanol, ether, tetrahydrofuran, ethyl acetate and 

acetonitrile. Different concentrations of these compounds 
in tetrahydrofuran were prepared to study the effect of 

concentration on fluorescence intensity. The fluorescence 
measurement was carried out in a quartz cell, using 

Fluorescence Spectrometer Model F-2000 Hitachi at room 
temperature with the same settings for all samples.

RESULTS AND DISCUSSION

Treatment of 2-chloro-3-nitropyridine with phenol and 

p-cresol gave 3-nitro-2-phenoxypyridine and 3-nitro-2-(4-

methyl)phenoxypyridine respectively, as shown in Scheme 

1. The structures of both compounds were confirmed by 
infrared, 1H NMR,  13C NMR and GC-Mass spectra as 

recorded in the experimental section.

 

2-Chloropyridine showed a weak fluorescence peak in 
both acetonitrile and tetrahydrofuran at 438 nm and when 

excited at 378 nm while no fluorescence peak was observed 
in ethanol, ethyl acetate and chloroform (Noordini et al. 

2008). 2-Chloro-3-nitropyridine on the other hand, is a non-

fluorescent compound. The presence of a nitro group in the 
pyridine ring diminished the fluorescence characteristics 
of this compound through electron withdrawal capabilities 

and as a result reduced the electron density in the system. 

Table 1 shows the fluorescence characteristics of 
3-nitro-2-phenoxypyridine in various solvents in capped 

and uncapped conditions. It can be seen from the table that 

3-nitro-2-phenoxypyridine fluorescenced in tetrahydrofuran 
and ether only.

Higher fluorescence intensity was observed in 
tetrahydrofuran as compared to ether. This observation 

was probably due to a complex forming between 3-nitro-

2-phenoxypyridine and the solvents, thus reducing the 
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transition n to π*. As a result, a relatively high fluorescence 
intensity was observed. The lower fluorescence intensity 
observed when ether was used was believed to be due to 

the complex that was formed with ether being less rigid as 

compared to the complex formed with tetrahydrofuran. As 

a result, some of the energy absorbed was dissipated as heat 

and a low fluorescence intensity was recorded.  

Figures 1 and 2 show the fluorescence spectra of 3-nitro-
2-phenoxypyridine in ether and tetrahydrofuran in capped 

and uncapped conditions.

The fluorescence intensity of 3-nitro-2-phenoxypyridine 
in capped condition was higher than in uncapped condition. 

The same phenomena was observed with all other systems 

studied (Noordini et al. 2008). This phenomena, which 

was observed with the uncapped condition is believed to 

be due to the unlimited amount of oxygen in the quartz 

cell which quenched the fluorescence intensity of the 
compounds (Dehmlow & Dehmlow 1980; Haroutounion 
& Katnezellenbogen 1995). Oxygen has an unusually large 

diffusion coefficient. Thus, prolonged exposure of the 
solution to the atmosphere could result in a large quantity 

of oxygen diffusing into the solution (Wen et al. 2008). As 

a result, a decrease in fluorescence intensity was observed.

Table 2 shows the fluorescence characteristics of 
3-nitro-2(4-methyl)phenoxypyridine in various solvents  

for capped and uncapped samples. Similar observations as 

3-nitro-2-phenoxypridine were recorded.

Table 2 shows that 3-nitro-2-(4-methyl)phenoxypyridine 

was more fluorescent than 3-nitro-2-phenoxypyridine of 
similar concentration. The higher fluorescence intensity 
which was observed with 3-nitro-2-phenoxypyridine was 

due to the presence of a –CH3 group, an electron donor 
substituent which donates the electrons to the system, 

thus increasing the electron density within the system 

(Wen et al. 2008). As a result, an increase in fluorescence 
intensity was observed. The intensity of fluorescence 
peaks in capped and uncapped conditions was observed 

to be having similar characteristics to that of 3-nitro-2-

phenoxypyridine. The fluorescence spectra of 3-nitro-2-(4-
methyl)phenoxypyridine in various solvents are shown in 

Figures 2 and 3.

Tables 3 and 4 show the fluorescence characteristics 
of both compounds with time and concentrations, 

respectively.

Both compounds showed a decrease in fluorescence 
intensity with time as shown in Table 3 for capped  

samples. The same observations were recorded with 

pyrimidine and pyrazine systems studied earlier (Abdullah 

2006). 

The fluorescence characteristic of these compounds 
versus concentrations in tetrahydrofuran were as shown 

in Table 4.  It can be seen that both compounds showed 

a decrease in fluorescence intensity with concentrations 
which was probably due to the solute quenching effect. 

Table 1. Fluorescence characteristics of 3-nitro-2-phenoxypyridine in various solvents in capped and uncapped conditions.

Condition Solvent
 Excitation Fluorescence 

Intensity
  wavelength/nm wavelength/nm

Capped Tetrahydrofuran 286 306 3.372

 Ether 275 325 1.325

 Ethanol  Non-fluorescent

 Methanol  Non-fluorescent

 Acetonitrile  Non-fluorescent

 Chloroform  Non-fluorescent

 Dichloromethane  Non-fluorescent

Uncapped Tetrahydrofuran 286 306 3.683

 Ether 275 326 1.193

 Ethanol  Non-fluorescent

 Methanol  Non-fluorescent

 Acetonitrile  Non-fluorescent

 Chloroform  Non-fluorescent

 Dichloromethane  Non-fluorescent
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Figure 1. Fluorescence spectra of 3-nitro-2-phenoxypyridine in ether and tetrahydrofuran in capped condition.

 

Figure 2. Fluorescence spectra of 3-nitro-2-phenoxypyridine in ether and tetrahydrofuran in uncapped condition.
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Table 2. Fluorescence characteristic of 3-nitro-2-(4-methyl)phenoxypyridine in various solvents.

Condition Solvent
 Excitation Fluorescence 

Intensity
  wavelength/nm wavelength/nm

Capped Tetrahydrofuran 286 306 3.409

 Ether 275 328 1.460

 Ethanol  Non-fluorescent

 Methanol  Non-fluorescent

 Acetonitrile  Non-fluorescent

 Chloroform  Non-fluorescent

 Dichloromethane  Non-fluorescent

Uncapped Tetrahydrofuran 286 306 3.326

 Ether 275 327 1.418

 Ethanol  Non-fluorescent

 Methanol  Non-fluorescent

 Acetonitrile  Non-fluorescent

 Chloroform  Non-fluorescent

 Dichloromethane  Non-fluorescent

 

Table 3. Fluorescence characteristics of 3-nitro-2-phenoxy pyridine and 3-nitro-2-(4-methyl)phenoxypyridine versus time  in capped 

condition.

Compound Duration/min
 Excitation Fluorescence 

Intensity
  wavelength/nm wavelength/nm

3-nitro-2-phenoxypyridine Immediately 286 306 3.372

 30  305 3.305

 60  306 3.205

 120  306 3.106

3-nitro-2-(4-methyl)

phenoxypyridine Immediately 287 307 3.409

 30  306 3.394

 60  306 3.296

 120  306 3.170

Table 4. Fluorescence characteristics of 3-nitro-2-phenoxy pyridine and 3-nitro-2-(4-methyl)phenoxypyridine in different 

concentrations.

Compound Concentration/M Solvent
 Excitation Fluorescence 

Intensity
   wavelength/nm wavelength/nm

3-nitro-2-phenoxypyridine 4.35 × 10–4 THF 286 309 1.156

 4.40 × 10–5 THF 286 306 2.060

 4.63 × 10–6 THF 286 306 3.372

3-nitro-2-(4-methyl)

phenoxypyridine 4.35 × 10–4 THF 289 308 0.144

 4.40 × 10–5 THF 289 306 2.672

 4.63 × 10–6 THF 289 306 3.409
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CONCLUSION

2-Chloropyridine is a fluorescent compound but on 
introduction of a nitro group at C-3 i.e. in 2-chloro-3-

nitropyridine, no fluorescence peak was recorded. Both 
3-nitro-2-phenoxypyridine and 3-nitro-2-(4-methyl)

phenoxypyridine were fluorescent compounds, but -nitro-
2-(4-methyl)phenoxypyridine was more fluorescent than 
3-nitro-2-phenoxypyridine. Both compunds showed a 

gradual decrease in fluorescence intensity with time and 
concentration. The fluorescence intensity was reduced on 
prolonged exposure to air. 
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paper 6.indd   44 12/2/2009   11:08:56 PM



Although gingival enlargement has been recognized as 

an adverse effect of phenytoin therapy, it has also been 

reported in association with the use of cyclosporine and 

calcium channel blockers (Brunt et al. 1996). Cyclosporine 

A (CsA) is a potent immuno-suppressive drug. It has 

many side effects beside hypertension, nephrotoxicity, 

hepatotoxicity, tremor and hirsutism, CsA also induces 

gingival enlargement (Fu et al. 2001). Nifedipine is a 

calcium channel blocker. It too, has many side effects, 

including peripheral vasodilatation, dizziness, flushing, 
headache, weakness, nausea, peripheral edema, joint 

stiffness, dermatitis, pruritis and urticaria. Nifidipine 
has also been reported to induce gingival enlargement 

(Kataaoka et al. 2001). Since organ transplant patients 

who were administered CsA often had renal hypertension, 

they were generally prescribed calcium channel blockers, 

such as Nifidipine, Diltiazem or Verapamil as vasodilator 
to control blood pressure. Researchers have demonstrated 

that treatment with CsA and Nifidipine increased the 
severity of gingival enlargement when compared with CsA 

or Nifidipine treatment alone (Ovalle et al. 1995). The 

histological appearance of gingival enlargement induced by 

CsA and Nifidipine is similar to that of Phenyton induced 

gingival enlargement. The connective tissue is covered 

by an overlying irregular multilayered parakeratinized 

epithelium with elongated retepegs penetrating deep into 

the subepithelial region. The connective tissue appeared 

with foci of chronic inflammatory cells and increased 
vascularity, many large multinucleated osteoclasts and 

increased eroded surfaces that indicate active resorption 

at the periodontal aspect of alveolar bone in CsA exposed 

animals (Fu et al. 1999). Nifedipine exhibits an inhibitory 

effect on bone resorption up to 50%. Calcium channel 

blockers are mainly prescribed for post-middle-aged 

patients to control hypertension or myocardial disorders 

(Henry 1980). CsA is prescribed for a wide range of 

patients due to its wide spectrum of efficacy. These factors 
revealed difficulties to evaluate the etiology of drug induced 
gingival enlargement caused by calcium channel blockers 

and CsA and to compare the factors involved. The objective 

of this study was to induce gingival overgrowth in rabbits 

by CsA, Nifidipine separately and by combination of CsA 
and Nifidipine, as well as to evaluate the histological 
changes accrued  in the periodontium through histological 

investigation.

Histological Observation of Gingival Enlargement 

Induced by Cyclosporin A and Nifedipine:

A Study in Rabbits

F.H. Al-Bayaty1*, B.O. Al-Tay2, S.S. Al-Kushali3 and L. Mahmmod2

A study was undertaken to estimate the histological changes of gingival enlargement induced by  

Cyclosporin A (CsA) and Nifedipine, separately and in combination. Twelve adult rabbits were divided equally 

into four main groups. The first group received 10 mg/kg/day Nifedipine, the second received 10 mg/kg/day 
CsA, and the third received a combination of 10 mg/kg /day Nifedipine and CsA by gastric feeding. The fourth 
was regarded as a control group. Animals were given the drugs from day 1 of the experiment until day 70. 

They were then sacrificed for histological purposes. Results showed increase in the thickness of the epithelium 
with keratosis and acanthosis, and also increased vascularity. Collagen fibres and fibroblasts at different rates 
in the three histological groups were observed. Significant alveolar bone resorption with increased marrow 
spaces filled with fatty tissue were found in the CsA group. Non-significant changes in the alveolar bone of the 
Nifedipine group while subsequent bone resorption and bone deposition were seen in the combination group. 

These changes could be due to the effect of both drugs. Significant changes in the gingiva and the alveolar bone 
were shown in the three experimental groups compared with the control group.

Key words: Cyclosporin A, Nifedipine; histological observation; rabbits; epithelium; keratosis; acanthosis; 

vascularity; alveolar bone
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MATERIALS AND METHODS

Experimental Animals 

Twelve healthy adult rabbits of both sexes, with ages 8–12 

months and average weights of 2 Kg ± 250 gm were used in 

this study. Animals were maintained on standard laboratory 

diet, allowed free access to tap water and kept in stainless 

steel cages in an environmentally controlled room. These 

animals were supplied by the Medical Research Center, 

AL-Nahrien College of Medicine.

Method of Drugs Administration

Nifidipine administration. Nifidipine (Ronian) in capsules 
10mg/capsule was used in this study. Nifidipine is a liquid 
drug. It was prepared in a dark room by using dim light and 

given orally by oral tube; this gastric feeding procedure was 

described by Fu et al. 1996 (Figure 1). The daily dose used 

was 10 mg /Kg of body weight. This dose was suggested 
by Hsien et al. (2001) to be effective in causing gingival 

enlargement. 

Cyclosporin administration. Cyclosporin (sandimmun, 

neural) was in capsules of 50 mg/capsule.The CsA dose 
was dissolved in 5% ethanol and given orally by gastric 

feeding with the aid of an oral tube. The daily dose was 10 

mg/Kg of body weight. This dose according to Spolidorio 
et al. (2001) was capable of inducing gingival enlargement 

in the experimental animals.

All animals were allowed to acclimatize to the 

laboratory environment for a period of ten days. They were 

then divided into four groups: three experimental and one 
control:

 • Experimental group No. 1 — Three rabbits received 

a daily equal dose of Nifidipine10 mg/Kg of body 
weight by oral tube.

 • Experimental groups No. 2 — Three rabbits received 

a daily equal dose of CsA 10 mg/Kg of body weight 
by oral tube.

 • Experimental groups No. 3 — Three rabbits received 

a daily equal dose of Nifidipine10 mg/Kg of body 
weight, in addition  to daily equal dose of CsA 10 

mg/Kg of body weight by oral tube.

 • Control group — Three rabbits received no drug; 

they were regarded as a control group.

The three experimental groups received the drugs 

from day 1 to day 70 of the experiment. All the animals 

were then sacrificed by using an overdose of chloroform 
inhalation, then the heads were separated and the maxilla, 

and the mandible were dissected with the surrounding 

gingival and soft tissue. The soft tissue was then removed 

for histological examination. 

Histological Preparation and Examination

After fixation, the specimens were decalcified in 10% 
formic acid for three weeks. The decalcified sections were 
then prepared according to the method described by Donath 
and Breuner (1992). The specimens were embedded in 

paraffin wax. Serial sagittal sections were cut from each 
specimen with the microtome set at 5 microns. The sections 

were stained with hematoxylin and eosin. All the sections 

were examined under Olympus light microscope using an 
objective lens of 4 ×, 10 ×, and 40 ×.

 

Figure 1. Gastric feeding procedure with the oral tube.
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RESULTS

Histological sections obtained from animals of the three 

experimental groups revealed significant changes in the 
periodontium compared with those obtained from the control 

group throughout the same period of the experiment.

Group No. 1 received Nifedipine: Histological inves-
tigations of this group demonstrated obvious changes 

compared to the control group. Sections showed a thickened 

multilayered hyperkeratinized epithelium, acanthosis, 

maturation and differentiation in the sulcular epithelium 

with elongated retepegs. The subepithelial region showed 

a large number of fibroblasts and collagen fibres. Increased 
vascularity and presence of congested blood vessels were 

observed. No significant changes in the alveolar bone of the 
maxilla and mandible were observed in all animal models 

(Figures 2 and 3).

Group No. 2 received CsA: Histological changes in 
this group revealed significant changes compared to both 

Nifedipine and control groups. It showed a thickened 

multilayered hyperkeratinized epithelium with acanthosis 

and elongated finger-like retepegs. The subepithelial region 
showed increased numbers of fibroblasts and collagen 
fibres. Increased congested blood vessels were observed. 
Significant bone resorption with increased marrow spaces 
filled with fatty tissue and new osteiod formation could 
be seen in the alveolar bone of the maxilla and mandible 

(Figures 4, 5 and 6).

Group No. 3 received a combination of CsA and 
Nifedipine: Observations showed a noticeable acanthosis 
and hyperkeratinization with elongated irregular broad 

retepegs. The subepithelial region showed a large amount of 

collagen fibres and many fibroblasts compared to CsA and 
Nifedipine groups alone. Increased congested blood vessels 

extending into the dental pulp of the teeth were observed. 

Significant changes in the alveolar bone represented by 
bone resorption and bone deposition, and the appearance 

of obvious incremental lines which reflected the effect of 
both drugs (Figures 7, 8 and 9).

 

Figure 2. The alveolar bone AB in the control group on day 

70. Notice the normal density and cellularity. H&E (× 10).

Figure 4. The oral epithelium (O) in CsA group on day 70. 

Notice the acanthosis and keratosis with the elongation of 

retepegs (arrows). (H&E) (× 10).

Figure 3. The subepithelial region (S) in  Nifedipine group on 

day 70. Notice the congested blood vessels (arrows) and the 

condensed collagen Fibre H&E (× 10).

Figure 5. The subepithelial region in CsA group on day 70. 

Notice the increased amount of collagen fibre and fibroblasts. 

H&E (× 10).
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Group No. 4 received no drugs and was regarded as a 
control group: It showed normal non-keratinized stratified 
squamous epithelium. The subepithelial region showed 

scattered collagen fibres and fibroblasts. The alveolar bone 
appeared with normal density and cellularity (Figure 2).

DISCUSSION
 

This study was done to investigate the effect of CsA 

and Nifedipine separately and in combination on the 

periodontium of adult rabbits. In general, sections showed 

significant histological changes throughout the period of 
the experiment in the three experimental groups compared 

with day 0 of the experiment and the control group.

Dosage of the drugs in these experiments was based 
according to previous studies. The dosage of CsA was 10 

mg/Kg of body weight; this dose had been shown to produce 
sufficient blood levels to induce immune suppression 

in animal’s models as described by Vanden (1995). This 
dose would maintain the blood drug level between 100 

and 400 mg/ml which was considered to be effective in 
causing gingival enlargement of 100% incidence in the 

experimental animals (Spolidorio et al. 2001).

The dosage of Nifedipine was 10 mg/Kg of body weight. 
This was dose sufficient to cause gingival enlargement 
in animal’s models as described by Hsien et al. (2001). 

Nifedipine was prepared in a dark room by using dim light 

since the drug is photosensitive and may lose its activity 

when exposed to daylight (Katzung 1995).

The increased thickness of the epithelium which was 

manifested histologically by acanthosis might be due 

to the administration of the drugs which induced more 

differentiated epithelial cells. Both drugs increased the 

mitotic activity of the epithelial cells, especially in the 

oral epithelium. Other researchers have concluded that, 
sometimes gingival enlargement could also be attributed 

 

 
 
 

 

 
 
 

Figure 6. The alveolar bone AB in CsA group on day 70. 

Notice the new osteiod tissue (OS). H&E (× 10).

Figure 8. The subepithelial region (S) in the combination group 

on day 70, showing increased vascularity (arrows). H&E (× 10).

Figure 7. The subepithelial region in the combination group 

on day 70 showing cellular collagenous fibrous tissue  

(H&E) (× 40).

Figure 9. Shows the alveolar bone in the combination group 

on day 70. Notice the obvious incremental lines and high 

bone cellularity. H&E (× 40).
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to the increase in the thickness of the oral epithelium 

(Nurmenniemi et al. 2001).

The subepithelial region in the three experimental 

groups showed an increased number of fibroblasts and 
collagen fibres at different rates compared to the control 
group. CsA caused direct influence on the gingival 
fibroblast by increasing their proliferation and matrix 
formation (Schincaglia et al. 1992). For Nifedipine the 

most accepted mechanism of action is that the increased 

numbers of fibroblasts might be due to the inhibition of the 
lipopolysaccharide that stimulates macrophages induced 

death of the fibroblasts (Fugimori et al. 2001).

CsA, in our study increased alveolar bone resorption 

and decreased alveolar bone formation in the experimental 

group that received the drug. It inhibited osteoblast 

proliferation, cell number, mitogenisis, alkaline phosphate 

levels and cell attachment in vitro (Fu et al. 1999). However, 

CsA increased bone formation stimulated by parathyroid 

hormone, interleukin-1 and 1.25 dihydroxy vitamin D 
have been reported in vitro in many studies ( Epstien et al. 

1990).

In Nifedipine groups, no significant changes were noted 
in the alveolar bone of the maxilla and mandible of the 

animals. The drug exhibited an inhibitory effect on bone 

resorption by causing a direct influx of calcium into the 
cells ( Ritchie et al. 1994) . Clinically, it has been reported 

that elderly patients treated for coronary heart disease 

over two years, Nifedipine caused a temporary increase 

in bone minerals density (Malinowska et al. 1996). In 

the combination group, subsequent bone resorption and 

deposition or remodeling caused the obvious appearance 

of the incremental lines (Poliana et al. 2001). Histological 

investigations showed increased vascularity of the sub-

epithelial region and the appearance of many dilated blood 

vessels filled with blood in the combination group, even 
in the pulp of the teeth. These changes were more visible 

compared to the CsA group. The CsA group showed more 

vascularity than the Nifedipine group. This could be due 

to an obvious resorption and bone loss in CsA group 

which would lead to a sequential bone formation induced  

by resorptive stimuli. It might mask the genuine effect 

of the drug, as a normal defense mechanism of the body  

(Fu et al. 1999).

Osteogenesis had long been known to be associated 
with angiogenesis. Implanted endothelial cells seemed to 

enhance osteogenesis by neo-vascularization (Villanueva 
& Nimni 1990). Periocytes, surrounding and sharing a 
common basal membrane with the endothelial cells, were 

also considered as possible osteoblast progenitor cells 

(Bosse et al. 1994).

The vascularity in the subepithelial region in the 

Nifedipine treated group appeared to  be less compared to 

that in CsA group. Nifedipine did not affect the bone or 

sometimes little bone deposition was seen. The combination 

group showed high vascularity in the subepithelial region 

due to the additive effects of the two drugs (Darbar et al. 

1996).

CONCLUSION

Significant changes in the gingiva and the alveolar bone 
were shown in the three experimental groups compared with 

the control group. Motable bone resorption with increased 

marrow spaces filled with fatty tissue was observed in the 
CsA group compared to non-significant changes in the 
alveolar bone of the Nifedipine group. Obvious incremental 
lines were observed in the combination group due to the 

effect of drugs.
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Date of acceptance: June 2009
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Orthosiphon stamineus, Benth (Lamiaceae) known locally 

as Misai kucing or Kumis kucing are among the popular 

medicinal plants used in traditional medicine for curing 

various diseases especially those affecting the urinary 

tract, diabetes mellitus, eruptive fever, epilepsy, gallstone, 

hepatitis, rheumatism, tonsillitis, hypertension, syphilis, 

gonorrhea, renal calculus, menstrual disorder and to 

improve physical strength (Awale et al. 2003; Olah et al. 

2003; Sriplang et al. 2007). In Malaysia, the tea prepared 

from the leaves is taken as beverage to improve health and 

for treatment of kidney, bladder inflammation, gout and 
diabetes (Hegnauer 1966; Wanger 1982). O. stamineus 

is effective for alleviating hyperglycemia and improving 

lipid profile in diabetic rats (Sriplang et al. 2007), and 

possesses antioxidant and hepatoprotective effects (Yam  

et al. 2007). Phytochemical screening of O. stamineus 

extract showed several chemically active constituents, such 

as terpenoids, polyphenols and sterols (Tezuka et al. 2000). 

The polyphenols have in vivo antioxidant activities and 

have been used as natural antioxidants in food (Fuhrman 

et al. 1995). Polyphenol has been reported to be effective 

in reducing oxidative stress by inhibiting the formation of 

lipid peroxidation products in biological systems (Hollman 

& Katan 1999). There is no data available regarding the 

wound healing activity of O. stamineus leaf extracts. The 

present study was undertaken to evaluate the rate of wound 

healing properties of O. stamineus extract in experimental 

rats macroscopically and microscopically.

MATERIALS AND METHODS

Placebo

Blank placebo was obtained from the Department of 

Pharmacy, Faculty of Medicine, University of Malaya.

Intrasite Gel® 

Intrasite gel® was purchased from University Malaya 

Medicial Centre Pharmacy. Intrasite gel®, is an amorphous 

hydrogel which gently re-hydrates necrotic tissue, 

facilitates autolytic debridemen, while being able to loosen 

and absorb slough and exudates, clearing the way for 

effective wound healing. It is also designed for wounds 

that are granulating and epithelialising. It can also be 

used to provide the optimum moist wound management 

environment during the later stages of wound closure. It 

Acceleration of Wound Healing by Orthosiphon 

stamineus Leaf Extract in Rats

A.A. Mahmood1*, M.A. Hapipah2, S. M. Noor1, U.R. Kuppusamy1, I. Salmah1,  
M.E. Phipps1 and H.M. Fouad3

The effects of topical application of Orthosiphon stamineus leaf extract on the rate of wound healing and 

histology of the healed wound were assessed. Four groups of adult male Sprague Dawley rats were experimentally 

wounded in the posterior neck area. A thin layer of blank placebo was applied topically to wounds of Group 

1 rats. Wounds of experimental animals (Group 2 and 3) were dressed with placebo containing 5% and 10% 

O. stamineus extract, respectively. A thin layer of Intrasite gel® was applied topically to wounds of Group 4 

animals as reference. Macroscopically, wounds dressed with placebo containing 5% (healed on day 14.50 ± 

0.43) and 10% (healed on day 13.83 ± 0.21) O. stamineus extract each or Intrasite gel® (healed on day 13.13 

± 0.42) significantly accelerated the rate of wound healing compared to wounds dressed with blank placebo. 
Histological analysis of healed wounds confirmed the results. Wounds dressed with placebo containing 5%, 
10% O.stamineus or Intrasite gel® showed markedly less scar width at wound enclosure and granulating tissue 

contained markedly more collagen, proliferating fibroblast with angiogenesis, and no inflammatory cells 
compared to wounds dressed with blank placebo. In conclusion, placebo containing 5% or 10% O. stamineus 

on extract-dressed wounds significantly accelerated the rate of wound healing in rats.

Key words: Orthosiphon stamineus; Sprague Dawley; rats; wound healing; histology; Intrasite gel® topical 

application
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is non-adherent and does not harm viable tissue or the skin 

surrounding the wound. (Intrasite gel® is a trademark for 

Smith and Nephew Ltd) (Williams 1994).

Lignocaine HCl (2%, 100 mg/5 ml)

The local anesthesia was purchased from the experimental 

animal house, Faculty of Medicine, University Malaya. 

One ml of Lignocaine was injected subcutaneous (Delta 

Veterinary Laboratory PTY LTD, NSW 2011).

Plant Specimen and Preparation of Extraction

Fresh O. stamineus leaves were collected from Rawang, 

State of Selangor and identified by comparison with 
the voucher specimen deposited at the Herbarium of 

Rimba Ilmu, Institute of Science Biology, University 

of Malaya, Kuala Lumpur. The leaves were washed  

with distilled water, and then dried in the shade for  

7–10 days. The dried leaves were ground to a powder  

before being extracted by maceration in ethanol  

(100 g/1500 ml, w/v) for two days at room temperature. 

The solvent was then filtered using a filter funnel and 
distilled under reduced pressure in an Eyala rotary 

evaporator (Sigma-Aldrich, USA). The extract was mixed 

homogeneously with placebo in a concentration of 5% and 

10% (w/w) each.

Experimental animals

Sprague Dawley adult male rats were obtained from the 

experimental animal house, Faculty of Medicine, University 

of Malaya. The rats were divided randomly into four groups 

of 6 rats each. The rats that weighed between 180 g – 200 

g, were housed separately (one rat per cage). The animals 

were maintained on standard pellet diet and tap water.

Experimentally Induced Wounds

The animals were anesthetized by diethyl ether. A patch of 

skin was shaved by electrical shaver, disinfected with 70% 

alcohol and injected with 1 ml of Lignocaine HCl (2%, 100 

mg/5 ml). An area of uniform wound, 1.8 cm in diameter, 

was excised from the nape of the dorsal  neck of all rats 

with the aid of a round seal as described by Morton & 

Melone (1972) (Figure 1). An incision of the muscle layer 

was avoided and tension of skin was kept constant during 

the procedure.

Topical Application of Vehicles

Wounds of Group 1 rats were dressed topically with a thin 

layer of blank placebo twice daily. A thin layer of 5% and 

10% O. stamineus extracts in placebo were applied topically 

twice daily to the wounds of Groups 2 and 3 experimental 

animals, respectively. Wounds of Group 4 rats were dressed 

with a thin layer of Intrasite gel twice daily. The wound was 

observed daily until a complete wound-healing enclosure 

occured.

Histological Evaluation of Healed Wounds 

The skin specimen from wounds healed areas were fixed in 
10% buffered formalin and processed by a paraffin tissue 

Figure 1. 1.8 cm diameter excision wound on day 0 before application of vehicle.
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processing machine. The healed skin was assessed by 

taking a 5 μ section, stained with hematoxylin and eosin.

Statistical Analysis

All values are reported as mean ± s.e.m. and the statistical 

significance of differences among groups was assessed 
using one-way ANOVA. A value of p<0.05 was considered 

significant.

RESULTS

Wound Healing Activity

Wounds dressed with 5% and 10% O. stamineus extracts 

each or with Intrasite gel® showed considerable signs of 

dermal healing and significantly (p<0.05) healed earlier 

compared to wounds dressed with blank placebo (Table 

1; Figures 2 and 3). There were no significant differences 
between wounds dressed with 5% or 10% O. stamineus 

extract or Intrasite gel® in terms of rate of wound healing 

(Table 1). Histologically, wound dressed with O. stamineus 

extracts or Intrasite gel® showed markedly less scar at 

wound enclosure (Figures 4 and 5) and granulation tissue 

contained more collagen fibers, fibroblast, proliferating 
blood capillaries and absence of inflammatory cells 
compared to wounds dressed with blank placebo which 

contained less collagen fiber, fibroblast, blood capillaries 
and more inflammatory cells (Figures 6 and 7).

DISCUSSION

Wound healing may involve regeneration, fibrosis or both. 
In regeneration, the injured tissue is replaced by the same 

Table 1. Time required for wound healing by O. stamineus in rats.

Animal groups No of animals Type of dressings Healing time (days)

   (Mean ± s.e.m)

Group 1 6 Blank placebo 19.83 ± 0.48a

Group 2 6 Placebo containing  5% O. stamineus 14.50 ± 0.43b

Group 3 6 Placebo containing  10% O. stamineus 13.83 ± 0.31b

Group 4 6 Intrasite gel® 13.33 ± 0.42b

All values were expressed as mean and ± standard error mean. Mean with different superscripts were significantly different 
(P<0.05) 

Figure 2. Healing wound dressed with placebo containing 10% O. stamineus extract on day 13.
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 Narrow scar 

Figure 3. Healing wound dressed with blank placebo on day 19.

 

Figure 4. Histological section of healed wound dressed with placebo containing 10% O. stamineus  

showing narrow scar at the wound closure (H & E stain x 10).
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The proliferation of mobile computing has fuelled the 

demand for portable wireless devices that are of small 

size, light weight, long battery life and inexpensive 

(Mohammadi & Salama 2004). Together with the 

bandwidth and sensitivity limitations, these goals call for 

circuit and architecture breakthroughs. CMOS technology 

is by far one of the most important integrated circuit (IC) 

processing technologies available. Thus the technology can 

be used for integration of the radio frequency (RF) front-

end functions with the digital back-end blocks in a single 

chip to meet the requirements of having one-chip solution 

(El-Gamal & Tsang 2002).

The direct conversion receiver (DCR) is a good choice for 

a Wide-band Code Division Multiple Access (W-CDMA) 

system because it is well suited for single-chip integration 

(Razavi 1997). A typical block diagram for a DCR is shown 

in Figure 1. A DCR includes a pre-select filter, an LNA 
and a mixer followed by channel-select filters, variable-
gain amplifiers and analog to digital converters (ADC). 
This architecture converts the desired RF signal directly 

to baseband. There is no need for intermediate frequency 

(IF) filters, IF amplifiers and the second down-conversion 
mixers which are necessary for a superheterodyne receiver 

architecture. Thus, complexity and extra components in the 

architecture can be reduced.

Based on Figure 1, a low noise amplifier (LNA) is the 
first circuit in any RF receiver system that handles high 
dynamic range RF signals and undesirable effects like 

fading and reflection from an automatic moving object 

which can saturate or degrade a receiver’s performance 

(Cheng & Jou 2005). Thus, an LNA with gain control 
can solve these problems, reduce current consumption 

of the circuit with given linearity and also help to reduce 

the current consumption of the following blocks such as  

mixers and filters owing to the reduced linearity 
requirements (Raja et al. 2003). This paper presents the 

design of a variable-gain low noise amplifier (VGLNA) 
targeted for 2.4 GHz frequency band. The cascode stage 

with source-degenerated LNA topology has been connected 
to a current mirror to give a complete VGLNA design. 
By using a current mirror, a VGLNA can be designed for 
high gain with low supply voltage and thus lower power 

consumption.

VGLNA IN A W-CDMA RECEIVER

Table 1 show the specifications of W-CDMA system which 
needs to be followed when designing the W-CDMA receiver 

blocks (Parssinen 2001).  As can be seen from the table, 

the signal bandwidth in a W-CDMA system is adjustable. 
DCR architecture is suitable for this implementation as 

the bandwidth of the receiver is determined by the cut-off 

frequency of the low pass filters in the baseband.

CIRCUIT DESCRIPTIONS

A LNA design in W-CDMA receiver demands good 
performance with tradeoffs between noise figure (NF), 

A Low Power 2.4 GHz Variable-gain Low Noise 

Amplifier for Wireless Applications

L. Lee1*, R.M. Sidek1, S.S. Jamuar1 and S. Khatun2

A 2.4 GHz variable-gain low noise amplifier (VGLNA) intended for use in a Wide-band Code Division 
Multiple Access receiver was designed in 0.18 um CMOS process for low voltage and low power applications. 

Rivaling classical designs using voltage mode approach, this design used the current mode approach, utilizing 

the current mirror principle to obtain a controllable gain range from 8.26 dB to 16.95 dB with good input and 

output return losses. By varying the current through the widths of transistors and a bias resistor, the VGLNA 
was capable of exhibiting 8 dB gain tuning range without degrading the noise figure. Therefore, higher gain 
was possible at lower current and thus at lower power consumption. Total power consumption simulated was 

4.63 mW from a 1 V supply and this gave a gain/power quotient of 3.66 dB/mW. Comparing this with available 
published data, it was observed that this work demonstrated a good gain tuning range and the lowest noise 

figure with such power consumption.

Key words: current mode; low power applications; noise figure; VGLNA; W-CDMA; amplifier; current mirror
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