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Dear Esteemed Readers, Authors, and Colleagues, 
 
I hope this letter finds you in good health and high spirits. It is my distinct pleasure to address you 

as the Editor-in-Chief of Integrative Omics and Applied Biotechnology (IIOAB) Journal, a 
multidisciplinary scientific journal that has always placed a profound emphasis on nurturing the 
involvement of young scientists and championing the significance of an interdisciplinary approach. 

 
At Integrative Omics and Applied Biotechnology (IIOAB) Journal, we firmly believe in the 

transformative power of science and innovation, and we recognize that it is the vigor and enthusiasm of 
young minds that often drive the most groundbreaking discoveries. We actively encourage students, 
early-career researchers, and scientists to submit their work and engage in meaningful discourse within 
the pages of our journal. We take pride in providing a platform for these emerging researchers to share 
their novel ideas and findings with the broader scientific community. 

 
In today's rapidly evolving scientific landscape, it is increasingly evident that the challenges we face 

require a collaborative and interdisciplinary approach. The most complex problems demand a diverse 
set of perspectives and expertise. Integrative Omics and Applied Biotechnology (IIOAB) Journal has 
consistently promoted and celebrated this multidisciplinary ethos. We believe that by crossing 
traditional disciplinary boundaries, we can unlock new avenues for discovery, innovation, and progress. 
This philosophy has been at the heart of our journal's mission, and we remain dedicated to publishing 
research that exemplifies the power of interdisciplinary collaboration. 

 
Our journal continues to serve as a hub for knowledge exchange, providing a platform for 

researchers from various fields to come together and share their insights, experiences, and research 
outcomes. The collaborative spirit within our community is truly inspiring, and I am immensely proud of 
the role that IIOAB journal plays in fostering such partnerships. 

 
As we move forward, I encourage each and every one of you to continue supporting our mission. 

Whether you are a seasoned researcher, a young scientist embarking on your career, or a reader with a 
thirst for knowledge, your involvement in our journal is invaluable. By working together and embracing 
interdisciplinary perspectives, we can address the most pressing challenges facing humanity, from 
climate change and public health to technological advancements and social issues. 

 
I would like to extend my gratitude to our authors, reviewers, editorial board members, and readers 

for their unwavering support. Your dedication is what makes IIOAB Journal the thriving scientific 
community it is today. Together, we will continue to explore the frontiers of knowledge and pioneer new 
approaches to solving the world's most complex problems. 

 
Thank you for being a part of our journey, and for your commitment to advancing science through 

the pages of IIOAB Journal. 
 

Yours sincerely, 

Vasco Azevedo 
Vasco Azevedo, Editor-in-Chief 

Integrative Omics and Applied Biotechnology  
(IIOAB) Journal 





 

 

 
 
Editor-in-Chief 
 

Integrative Omics and Applied Biotechnology (IIOAB) Journal Editorial Board: 

 
 



REGULAR ISSUE 
Chowbina S. 
_______________________________________________________________________________________________________ 

  
     IIOAB-India                                                                                                 Chowbina S. IIOABJ; Vol. 3; Issue 1; 2012:1–2 1  

                           w
w

w
.iioab.org                                                                                        

 
   

                                            w
w

w
.iioab.w

ebs.com
 

SY
ST

EM
S 

B
IO

LO
G

Y 

 
 

TOWARDS TRANSLATIONAL SYSTEMS BIOLOGY AND PERSONALIZED 
MEDICINE IN CANCER 
Sudhir Chowbina  
Advanced Biomedical Computing Center, National Cancer Institute-Frederick/SAIC-Frederick Inc., Frederick, MD 
21702 
 
Corresponding author: Email: sudhir.chowbina@nih.gov, sudhir.cr@gmail.com; Tel: +011-301-846-7689; Fax: +011-301-846-5762 
 

Received on: 12th-May-2011; Revised on: 10th-July-2011; Accepted on: 10th– July-2011; Published on: 1st –Jan-2012 

 
[I] INTRODUCTION

Living cells are characterized by their ability to perceive and 
correctly respond to their microenvironment. This process is 
called cell signaling and it governs basic cellular activities and 
coordinates cell actions [1]. Signal transduction processes form 
the basis of cell growth, tissue repair, and immunity as well as 
normal tissue homeostasis. Distorted cell signals lead to 
diseases such as cancer, autoimmunity, and diabetes. By 
understanding cell signaling, can result in effective diagnostic 
and therapeutic solutions to treat diseases. 
 
Cancer continues to cause a major public health crisis. 
According to the World Health Organization, cancer accounted 
for 7.6 million deaths (around 13% of all deaths) in 2008. 
Irrespective of the environmental factors involved in causing 
cancer, cell signaling is involved at some level. Cancer cell 
have a proliferative advantage because they deregulate, up-
regulate or inhibit pathways and signaling is by default 
mechanistically involved in cell development. 
 
Cancers are extremely robust [2], complex, heterogeneous 
diseases due to dynamic network behavior and signaling 
pathway crosstalk within the cell. The significance of genetic 
mutations in cancer development is emphasized by Hanahan & 
Weinberg where they refer to six critical changes in cell 
functioning that describes malignant cancer growth as the 
hallmarks of cancer. The following six changes incorporate 
some aspect of genetic mutation and evolutionary selection 
causing malignant progression: (a) self-sufficiency in growth 
signals; (b) insensitivity to anti-growth signals; (c) evading 
apoptosis; (d) limitless replicative potential; (e) sustained 
angiogenesis; and; (f) tissue invasion and metastasis [3] 
 
Cancer is now not only a highly heterogeneous pathological 
condition but a multiscale problem [4]. The intimate 
connections between genes, signaling networks, subcellular 
organelles, and phenotypic traits are perturbed in a typical 
cancer cell. Cancer is defined by an extraordinary amount of 
heterogeneity among genes involved in tumorigenesis. If such 
a signaling network involving hundreds of proteins is disturbed 
or altered, a cancer phenotype could be generated. The 

genotypic and phenotypic variation makes understanding the 
processes driving tumorigenesis extremely challenging. To 
understand how signaling networks disrupt cellular behaviors 
causing cancer, it is necessary to use a systems approach. 
 
Systems biology is an interdisciplinary field deriving concepts 
from the life sciences, engineering disciplines and computer 
science. This new field accentuates the functionality of all 
components working together and augments the traditional 
way of studying the individual roles of single components. 
Systems biology represents a quantitative approach to biology; 
thus demands collaborations between quantitative & non-
quantitative disciplines and multidisciplinary teams [5]. 
 
High throughput technologies have led to detailed 
characterization of biochemical networks by allowing us to 
measure cellular components with few experiments. The 
challenge is to understand how cellular components are 
organized into a complex network based on the measurement 
of individual components, to understand causes of diseases and 
find effective drugs. The reconstruction and analysis of 
complex biological networks, such as metabolic networks, 
gene regulatory networks and protein-protein networks (PPN) 
are central topics of Systems Biology [6]. 
 
Incorporating and consideration for the multifunctionality of 
network components is important to fully comprehend 
biochemical pathways. Further, stoichiometric network 
reconstruction and associated mathematical analyses can be 
included to study genome-scale networks properties. 
Combining these analyses with experimental studies, new 
hypotheses can be generated about the interplay among the 
biochemical networks [7]  
 
Systems biology is a unique integrative approach involving 
theoretical modeling and direct experimentation. Experiments 
provide data for model design and theoretical models provide 
insights into experimental observations, while the experiments 
confirm or refute model findings. Thus, multidisciplinary 
approach is ideal to understand systems biology. Researchers 
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from molecular biology, engineering, physics, computational 
science, statistics, chemistry, and mathematics need to 
cooperate in order to explain how the biological system work 
cooperatively and coherently [8]. 
 
Similar to interconnected roads in our cities, biomolecules 
inside cells are also networked. This suggests that biochemical 
pathways have cross-talk, which allows cancer to bypass the 
effects of a drug. Therefore, cancer needs to be treated with 
alternative molecular routes and target multiple genes. A 
systems perspective, rather than the current gene-centric view, 
could solve these issues and facilitate new options for cancer 
treatment and identify the most promising potential new drugs 
[9].  
 
The systems biology approach integrates empirical, 
mathematical and bioinformatics techniques to understand the 
intricate biological and physiological processes. Systems 
biology helps by generating detailed blueprints depicting 
different kinds of cellular networks and by developing 
sophisticated mathematical, statistical and computational 
methods and tools to analyze these networks. 
 
Understanding cancer requires development of mathematical 
models capable of generating testable predications and 
powerful hypotheses. In order to better understand cancer, a 
model must describe or accommodate the Weinberg’s 
hallmarks of cancer. While focusing on these common aspects, 
mathematical modeling aims to contribute to the prevention, 
diagnosis and treatment of this complex disease. 
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[I] INTRODUCTION 
 
Acute lung injury (ALI) and its more severe form, acute 
respiratory distress syndrome (ARDS), represent a clinical 
syndrome that results from complex responses of the lung to a 
multitude of direct and indirect insults. The different types of 
cell death that occur and the underlying mechanisms utilized 
depend on both experimental and clinical conditions [1]. 
Lipopolysaccharide (LPS) induced acute lung injury generates 
reactive oxidative species, which induce complex cell death 
patterns composed of apoptosis, and necrosis.  
 
Apoptosis is a process of cell death in which the cells undergo 
nuclear and cytoplasmic shrinkage; the chromatin is condensed 
and partitioned into multiple fragments, and finally the cells are 
broken into multiple membrane-bound bodies. In a number of 
experimental systems, disruption of mitochondrial 
transmembrane potential (ΔΨm) constitutes a constant early 
event of the apoptotic process that precedes nuclear 
disintegration [2]. ΔΨm loss can be brought about by reactive 
oxygen species (ROS) added directly in vitro or generated by 
agents that affect cellular metabolism [3]. A number of 
molecular targets of reactive oxygen species (ROS) have been 

identified, including membrane phospholipids, transporters, 
enzymes, transcription factors, DNA, etc. [4]. Respiratory chain 
dysfunction could also lead to increased ROS production and 
formation of a vicious cycle, thereby killing cells either 
necrotically, apoptotically, or by some combination thereof [5]. 
Key features within the apoptosis cascades are dissipation of 
mitochondrial membrane potential, increased mitochondrial 
oxidant production, and apoptogenic protein release [6].  
 
On the other hand, elevation of the cytosolic free Ca2+ ([Ca2+]c) 
level is suggested to participate in the activation of nucleases 
that are involved in chromatin organization, induce gene 
expression and also cleavage of nuclear DNA activated by 
nucleases during programmed cell death or apoptosis [7]. The 
role of elevated [Ca2+]c in bringing about early apoptotic 
changes including ΔΨm loss in a cell is evident from studies 
showing the ability of intracellular Ca2+ chelators to block 
apoptosis [8] and the proapoptotic changes that can be induced 
by Ca2+-mobilizing agents responsible for the release of Ca2+ 
from the endoplasmic reticulum [9]. In some cell systems, it is 

Background: Apoptosis has been considered as an underlying mechanism in acute lung injury/acute 
respiratory distress syndrome. Recently, several alternative pathways such as the mitochondrial 
membrane depolarization for cell death have been discovered. Objectives: The present study 
investigated the role of surfactant therapy during LPS mediated changes in intracellular calcium 
concentration ([Ca]i) and mitochondrial depolarization as a possible intermediate in apoptosis. Methods: 
Adult male Sprague Dawley rats were divided into four groups: buffer controls; rats challenged with LPS 
(055:B5 E.coli); challenged with LPS and treated with porcine surfactant (P-SF); and challenged with 
LPS and treated with synthetic surfactant (S-SF). Experiments with surfactant were performed 72h after 
treatment with LPS. Results: To ascertain the mechanism of BALF cell apoptosis, we observed that LPS 
treatment induced oxidative burst, dissipated mitochondrial membrane potential, induced alteration of 
Ca2+ homeostasis and enhanced apoptosis. These effects were largely prevented by exogenous 
surfactant preparation. Conclusion: The anti-inflammatory activity may occur through an interaction with 
downstream signaling elements and Ca2+ influx. The findings show the importance of Ca2+ ions in 
regulating the response of BALF cells to oxidative stress that triggers downstream signaling cascades 
leading to the apoptosis. Therefore, treatments aimed at diminishing the damage to lung derived cells 
might become a key element in accelerating recovery and lead to the development of novel therapies for 
acute lung injury. 
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not only the [Ca2+]c increase but mitochondrial Ca2+ ([Ca2+]m) 
overload [10] as well that precipitates a decrease in ΔΨm.  
 
Clinical investigations have demonstrated that replacement 
therapy with exogenous surfactant is effective for patients with 
ARDS [11]. Administration of surfactant in vivo inhibited the 
mitochondrial pathway of caspase-mediated apoptosis triggered 
by LPS [12] or by a variety of stimuli, such as inflammatory 
cytokines, growth factors, reactive oxygen species, and others, 
which are also involved in this model [13, 14]. Our earlier work 
has shown that surfactant therapy was proved to be effective 
during inflammatory responses in endotoxin induced ARDS 
[14, 15]. It seems reasonable therefore, that exogenous 
surfactant may improve surfactant function either by 
supplementing the lack of endogenous surfactant or by 
neutralizing the surfactant inhibitors, but the mechanism(s) on 
the effectiveness of exogenous surfactant on ARDS are not fully 
elucidated.  
 
Together, the existing literature suggests that the alterations of 
Ca2+ levels in cell cytoplasm and mitochondria brought about by 
ROS or other agents can serve as critical signaling components 
leading to the activation of the apoptotic pathway. Therefore, 
we have focused our interest on the oxidative stress, 
mitochondrial membrane potential, cytosolic Ca2+ levels, and 
cell death seen in BALF cells in a rat model of ARDS induced 
by intratracheal instillation of LPS and subsequently treated 
with exogenous surfactant. 
 
[II] MATERIALS AND METHODS  
 
2.1. Animal modal 
 
Male rats of Sprague Dawley (SD) strain, weighing 150-200g were taken 
from the Central Animal House of Panjab University and kept in 
polypropylene cages and supplied with pellet diet and drinking water ad 
libitum. Control animals were administered with 300µl of the buffer 
(50mM Tris-HCl, pH-7.4, 150mM NaCl, 1mM NaN3, 0.2mM PMSF). For 
LPS animals, endotoxin (150µg of 055:B5 E.coli LPS, Sigma Aldrich, 
USA) was suspended in 300µl of surfactant buffer. All rats were 
anesthetized with ketamine (130mg/kg. i.p.), such that they remained 
unconscious throughout the entire instillation procedure and had no 
cough reflex upon intubation. A small incision was made on the ventral 
region of the neck and the trachea carefully exposed. Animals were then 
placed on a slight incline, intubated with a 26-gauge needle and either 
buffer or LPS instilled followed by 2-3 boluses of 1ml air to facilitate the 
distribution of the instilled fluid. Shortly thereafter, when normal 
spontaneous breathing was apparent, the neck incision was closed with 
silk sutures. To avoid any infection betadine and neosporin powder were 
applied to the wound area. Two hours prior to killing, surfactant isolated 
from porcine (0.5mg protein + 0.86mg lipid/300µl) or synthetic surfactant 
(6.95mg lipid/300µl) were intratracheally instilled in P-SF and S-SF 
groups respectively, after LPS administration following the identical 
instillation procedure. The animals were sacrificed at 72 hours after 
buffer or LPS instillation [14]. All of the animal procedures as reported 
here had been carried out following the guidelines approved by the 
Panjab University Ethical Committee on the use of the experimental 
animals for biomedical research. 
  
 
 

2.2. Surfactant preparation 
 
Surfactant was isolated from porcine lung homogenate (P-SF) by 
sucrose density gradient method [16] while protein free synthetic 
surfactant (S-SF) was prepared with 13.9mg/ml 
dipalmitoylphosphohatidyl choline (DPPC), 1.5mg/ml hexadecanol and 
1.0mg/ml Tyloxapol [16]. 
 
2.3. Bronchoalveolar lavage fluid (BALF) 
isolation 
 
At the end of each experiment, a bronchoalveolar lavage was performed 
using 5ml phosphate buffered saline (PBS, pH-7.4). The average fluid 
recovery was greater than 90%. The recovered volume was centrifuged 
at 1000 rpm for 10 min at 40C and the supernatants were stored at -
200C until analysis. Differential counts were performed on 200 cells 
stained with Wright Giemsa [13]. 
 
2.4. Measurement of intracellular ROS 
 
To monitor the level of ROS, the cell-permeating probe DCFH-DA was 
used [14] whose fluorescence was found to be proportional to the 
amount of ROS formed intra-cellularly. Cells were incubated in dark 
conditions with the DCFH-DA dye (2.5µM) and with Hoechst 33342 for 
15 min at 370C for counter staining and the cell suspension were placed 
on glass slide for observation under fluorescence microscope at 400 X 
(Axioscope, A1, Carl Zeiss, Germany). 
 
2.5. Measurement of mitochondrial membrane 
potential changes 
 
ΔΨm was estimated using JC-1 as a probe according to the method of 
Dey and Moraes [17] with slight modifications. Briefly, cells (1×106) were 
incubated for 7 min with 10µM of JC-1 at 37°C, washed, resuspended in 
PBS and measured for fluorescence in a fluorescence spectrometer. 
The ratio of the reading at 590 nm to the reading at 530 nm (590:530 
ratio) was measured as the relative ΔΨm value. For microscopy, JC-1-
stained cells were placed on slides and immediately imaged with the 
fluorescence microscope using the X40 objective. Aggregates of JC-1 
are retained in intact mitochondria and fluoresce red, whereas 
mitochondria that have undergone a permeability transition release the 
JC-1 monomers into the cytoplasm, where they fluoresce green. 
Similarly, cells were incubated at 370C for 15 min with rhodamine 123 at 
a concentration of 10μM, washed and resuspended in PBS (pH-7.4), and 
measured for fluorescence at 488nm excitation and 536 nm emission. 
For microscopy, cells were incubated with dye, washed similarly as 
mentioned above and resuspended in 50µl PBS and placed on slides for 
viewing under fluorescence microscope at 400X.  
 
2.6. Measurement of intracellular calcium 
mobilization  
 
To evaluate whether LPS and surfactant cause mobilization of 
intracellular calcium, we used the fluorescent indicator chlortetracycline 
(CTC). CTC exists as neutral and ionic forms, and the anionic form 
complexes with cations (Ca2+).  An increase in fluorescence emission by 
up to two orders of magnitude occurs when CTC binds to the 
membrane-associated Ca2+, as compared to the fluorescence of CTC 
alone. The cell suspension was incubated with 10μM CTC for 5 min at 
370C using excitation 390 nm, emission 520 nm. Changes in luminal 
Ca2+ are expressed as changes in the intensity of CTC fluorescence [18]. 
For microscopy, cells were incubated with CTC and propidium iodide (as 
counter stain) and the 10µl suspension was placed on glass slide, 
covered with cover slip and observed under the fluorescence 
microscope. 
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2.7. Measurement of cytosolic free Ca2+ 
concentrations 
 
Changes in intracellular Ca2+ concentration [Ca2+]i were monitored with 
the fluorescent probe FURA-2/AM as described by Grynkiewicz  et al. 
[19] with slight modifications. Cells (1x106 /ml) were loaded with 1µM 
fura-2/AM (1μg/μl in DMSO) for 30 min at 370C, to allow loading of the 
dye. The cells were collected by centrifugation at 500 g for 10 min at 
40C, and resuspended in the PBS (pH 7.4). Fluorescence measured at 
excitation wavelengths of 340nm and 380nm, and an emission 
wavelength of 510nm. Ratios (R) of fluorescence intensity (F) of 
F340/F380, were measured for which the fractional changes in [Ca2+]i 
determined [19]. The fluorescence after sequential addition of SDS 
(20%) and 0.5M EGTA (pH 8) to the cell suspension provided the 
maximum fluorescence ratio (Rmax) and minimum fluorescence ratio 
(Rmin), respectively. To convert fluorescence values into absolute 
[Ca2+]i, calibration was performed at the end of each experiment. [Ca2+]i 
was calculated using the following equation: [Ca2+]i =Kd[(R-
Rmin)/(Rmax-R)], [19] where Kd is the dissociation constant of the 
FURA-2 complex (225nM), and R is the ratio of the fluorescence 
intensities measured at 340 and 380nm. Rmax is the same ratio when 
saturated with Ca2+ (after the addition of SDS), while Rmin is the same 
ratio in the absence of Ca2+ (after the sequential addition of EGTA)  
 
2.8. Quantification of apoptotic cells 
 
An annexin V–fluorescein isothiocyanate (FITC) kit (TACS® Annexin V 
Kits, Trevigen Inc. Gaithersburg, MD) was used to quantify apoptotic 
cells in accordance with manufacturer’s procedure and examined for 
Annexin V-fluorescein isothiocyanate and propidium iodide (PI) 
fluorescence under fluorescence microscope. 
 
2.9. Statistical analysis 
 
Statistical analysis was performed using SPSS version 10.0 software. 
One way analysis of variance (ANOVA) was done to compare the means 
between the different treatments using Post-Hoc comparison by Least 
Significant Difference (LSD) method. A value of p < 0.05 was considered 
significant in the present study. All data were expressed as Mean ± SD 
of five animals for each group. 
 
[III] RESULTS  
 
3.1. LPS generated oxidative burst 
 
H2DCFDA is a nonpolar compound that readily diffuses into the 
cells, where it is hydrolyzed to the nonfluorescent derivative 
dichlorodihydrofluorescein and is thereby trapped within the 
cells. In the presence of a proper oxidant, 
dichlorodihydrofluorescein is oxidized to the highly fluorescent 
2,7-dichlorofluorescein. We analyzed the DCFH-DA stained 
cells with a fluorescence microscope for all the treatment 
groups. Figure– 1(a) shows the morphological changes that 
occur in the BALF cells after exposure to the oxidative stress. 
13.25% of the control cells fluoresce blue due to the uptake of 
Hoechst 33342 dye, indicating less oxidative stress. After 
exposure to LPS, an increased number of cells show a 
heterogeneous staining pattern and 73.2% (p<0.001) of the cells 
show DCFH-DA dye uptake and fluoresce green (indicated with 
arrows), whereas 34.25% (p<0.001) of cells were seen positive 
in LPS+P-SF group and 46.5% (p<0.001) of cells in LPS+S-SF 

group which means the oxidative stress is less prevalent in 
surfactant treated groups as compared to the LPS treated group 
[Figure– 1b]. 
 
3.2. Changes in mitochondrial membrane 
potential 
 
JC-1 is a cationic mitochondrial dye that is lipophilic and 
becomes concentrated in the mitochondria in proportion to their 
ΔΨm; more dye accumulates in mitochondria with greater ΔΨm 
and ATP-generating capacity. Therefore, the fluorescence of 
JC-1 can be considered as an indicator of relative mitochondrial 
energy state. The dye exists as a monomer at low concentrations 
(emission 530 nm, green fluorescence) but at higher 
concentrations forms J-aggregates (emission 590 nm, red 
fluorescence).  Exposure to LPS induced a significant reduction 
(1.13 ± 0.04, p<0.001) of mitochondrial membrane potential in 
BALF cells when compared with control rats (10.72 ± 0.86, 
Figure– 2b). Accumulation of JC-1 dye in the aggregated form 
(red fluorescence) was observed in the mitochondria of control 
cells [Figure– 2a]. In contrast, after exposure to LPS 
monomeric dye dispersed in the cytoplasm and displayed green 
fluorescence indicating the collapse of mitochondrial membrane 
integrity. Surfactant treated groups had a distinct pattern of 
staining with areas of both red and green that overlapped as 
yellow indicating a very close placement of regions with high 
and low ΔΨm. Cytoplasmic appearance of monomeric JC-
1(green fluorescence) seen in the LPS+ surfactant group was 
less prevalent (6.73 ± 0.69 in P-SF group and 3.85 ± 0.35 in S-
SF, p<0.001) than that detected in LPS treated animals.  
 
Rhodamine fluorescence was clearly seen in control and 
surfactant treated cells [Figure–2c]. The fluorescence intensity 
is significantly decreased by LPS administration (11.74 ± 1.45, 
p<0.001) which is reverted back up to the control level by 
surfactant treatment (control = 22.69 ± 0.64; P-SF = 20.14 ± 
0.20; S-SF = 18.11 ± 0.44, p<0.001, Figure– 2d).   
 
3.3. Alterations in Ca2+ homeostasis  
 
The fluorescence emission of CTC has been used to measure the 
level of divalent cations (specifically Ca2+ and Mg2+) associated 
with envelope membranes in a wide range of animal cells. 
Images illustrating the cells taking up CTC dye (green 
fluorescence) in all the groups were shown in Figure 3(a). 
Quantitative analysis showed 35.5% (p<0.001) of cells were 
CTC positive in LPS group as compared to 6.5% CTC positive 
cells in control group [Figure– 3c]. Both LPS+SF treated 
groups showed decreased percentage of CTC positive cells 
when comparisons were made with LPS group (20.25% in 
LPS+P-SF (p<0.001) and 21.25% (p<0.001) in LPS+P-SF).   
  
The fluorescence signal was diminished significantly with LPS 
treatment (1.78 ± 0.39, p<0.001) in comparison to control group 
(4.40 ± 0.60) which indicates more Ca2+ displaced from the cell 



REGULAR ISSUE  
Mittal et al. 
_______________________________________________________________________________________________________________________  
       

  
      IIOAB-India                                                                   Mittal et al. IIOABJ; Vol. 3; Issue 1; 2012:3–10 

 
6 

                           w
w

w
.iioab.org                                                                                        

 
   

                                            w
w

w
.iioab.w

ebs.com
 

M
O

LE
C

U
LA

R
 C

EL
L 

B
IO

LO
G

Y 

membrane to the cytosol with LPS whereas CTC bind to the 
membrane bound Ca2+ in control group (high fluorescence 
intensity, [Figure– 3b]. In surfactant treated groups, the LPS 
mediated fluorescence intensity was gradually increased with P-
SF (3.05 ± 0.24, p<0.001) and S-SF (2.45 ± 0.11, p<0.001). 
Further, in this study the cytosolic Ca2+ concentration was 
measured in BALF cells with LPS treatment followed by 
exogenous surfactant (P-SF and S-SF). In contrast to control 

group ([Ca2+]i = 50.12 ± 1.51 nM), LPS induced a gradual 
increase in [Ca2+]i (199.49 ± 0.96 nM, p<0.001) which is also 
consistent with the above result. In the presence of exogenous 
surfactants, the LPS-induced increase in [Ca2+]i was reduced by 
P-SF (143.95 ± 1.62 nM, p<0.001). Similarly, the LPS-induced 
[Ca2+]i was also markedly inhibited by the S-SF (172.28 ± 0.82 
nM, p<0.001) as shown in Figure– 3(d). 

  

 
Fig. 1: (a) Images depict the morphological changes with the DCFH-DA dye in all the groups. (b) Quantitative analysis showed 
DCFH-DA positive cells. Values are mean ± S.D. of four independent observations, xp<0.001 vs control; ap<0.001 vs LPS.  
 
 
3.4. Apoptosis by fluorescent dyes 
 
Annexin V was used in conjunction to the vital dye propidium 
iodide (PI) to distinguish the apoptotic cells from necrotic or 
late stage apoptotic cells [Figure– 4a]. Based on binding of 
annexin V and PI, cells can be divided into three 
subpopulations, i.e. early apoptotic cells (annexin V positive, PI 
negative), late apoptotic cells (annexin V positive, PI positive) 
and necrotic cells (PI positive). In the LPS treatment group 

54.25% of cells were positive for cell surface exposure of PS 
which mark them for early apoptosis [Figure– 4b] whereas only 
13% apoptotic cells were found in control cells and many were 
PI positive. Mixed population of dual staining cells was seen 
with surfactant co-administration. The percentages of annexin V 
positive cells were reduced to 27.25% (p<0.001) in P-SF and to 
33.5% (p<0.001) in S-SF group in comparison to LPS 
treatment. 
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[IV] DISCUSSION 
 

Reactive oxygen species (ROS) have been implicated in a 
variety of pulmonary diseases including adult respiratory 
distress syndrome [20]. We examined ROS production in BALF 
cells using a fluorescent dye (DCFH-DA) and found that both 
the surfactants inhibited LPS stimulated ROS generation which 
is consistent with previous results as found in the rabbit alveolar 
macrophages [21]. This would suggest that surfactant has the 
inhibitory effects on the immediate inflammatory response. 
Similarly, in studies with natural surfactant with SP-B and SP-C 
versus synthetic surfactant both the surfactant types equally 
inhibited the human neutrophil respiratory burst [22]. In 
addition to causing direct injury to lung associated cells, ROS 
also involved in the regulation of signaling activity [23]. 

 
Mitochondria are primary sources of ROS inside the cells and in 
the course of signal transduction that leads to apoptosis, 
mitochondria may release pro-apoptotic molecules, which is 
accompanied by loss of the transmembrane potential (ΔΨm) 
that can be detected by specific fluorescent probes [24]. Freshly 
isolated BALF cells showed a complex staining with JC-1, 
indicating an intricate network of mitochondrial structures 
exhibiting both red (high membrane potential) fluorescence and 
green (low mitochondrial membrane potential). The ratio of red 
to green fluorescence is a measure of the mitochondrial 
membrane potential. This pattern of regions of hyperpolarized 
and depolarized mitochondria has been reported in other cell 
types and is considered to reflect uneven distribution of proton 
circuits, respiration, ATP synthesis, and localized Ca2+ inside 
mitochondria [25].  

 
 
Fig. 2: (a) Changes in morphology of mitochondrial integrity in control, LPS-treated cells and with LPS + surfactant treatment 
precede (b) changes in mitochondrial membrane potential with JC-1. (c) Images with rhodamine-123 whereas (d) represents results 
from fluorometric analysis with rhodamine-123. Values are mean ± S.D. of four independent observations, xp<0.001, yp < 0.01 vs 
control; ap<0.001 vs LPS. 
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Fig. 3: (a) Images depict the effect of various treatments on CTC fluorescence. (b) Alterations in Ca2+ mobilization as measured with 
CTC fluorescence and (c) percentage of CTC positive cells/100 cells from four independent observations in each group (d) 
Intracellular calcium (nM) in BALF cells after LPS and surfactant treatments. Values are mean ± S.D. of four independent 
observations, xp<0.001 vs control; ap<0.001 vs LPS. 
 
Mitochondrial dysfunction may also result through a change in 
cation homeostasis brought about by high ROS levels [26]. 
There are several lines of evidence to support strong role of 
Ca2+ [27]. CTC is a fluorescence-based stain, which forms 
chelate complexes in the presence of calcium ions in a 1:1 ratio 
[28]. When the CTC-calcium complex is mobilized from the 
highly lipophilic membrane environment to the more polar 
cytosol, there is a 100 fold decrease in the quantum efficiency 
of the indicator, which leads to a decrease in the observed 
fluorescence signal [29]. Calcium is released from the 
endoplasmic reticulum stores on stimulation of the cell, leading 
to a calcium influx across the plasma membrane via calcium 
channels [30]. Various pathogenic particles have been shown to 
produce changes in calcium flux within the cell [31] and a large 

number of physiological and pathological cellular functions 
could be stimulated via calcium signaling. The release of pro-
inflammatory mediators such as the cytokine TNF-α is driven 
by intracellular calcium related signaling pathways in diseases 
such as sepsis [32].  

 
In the present study, the LPS treatment induces an elevation in 
[Ca2+]i in the BALF cells and such Ca2+ influx was inhibited by 
both animal derived and synthetic surfactants. Surfactant also 
inhibits Ca2+ influx in human neutrophils, possibly by 
membrane depolarization from insertion of surfactant-
associated protein-dependent cation channels [33]. More 
recently, bovine-derived surfactants were found to directly 
increase neutrophil [Ca2+]i by releasing Ca2+ from internal 
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stores [34]. Therefore, blocking extracellular Ca2+ influx 
previously shown to modulate inflammatory response in 
peritoneal macrophages [35] may be an important mechanism 
regulating the anti-inflammatory properties of the exogenous 
surfactants. As measured in other trials, the phospholipids from 

both animal-derived and synthetic-surfactants demonstrate anti 
inflammatory properties. DPPC, the major phospholipid in 
natural and exogenous surfactants, similarly inhibited Ca2+ 
influx in the NR8383 AM cell line in an earlier study [36]. 
  

 

 
 
Fig. 4: (a) Photomicrograph showing apoptotic cells by staining with Annexin V and propidium iodide. (b) Quantitative analysis of the 
apoptotic cells, total 100 cells were counted in four different slides from each group and percent of apoptotic cells calculated. Values 
are mean ± S.D. of four independent observations, xp < 0.001vs control rats and ap < 0.001 vs LPS rats. 

 
[V] CONCLUSION  
 
In conclusion, the explanation of the loss ΔΨm, associated with 
an increase in [Ca2+]c is that H2O2 is placing stress on cellular 
energy store by driving down the ATP levels that would drive 
ATP synthesis and run down the electrochemical gradient. The 
Ca2+ influx coupled with release of Ca2+ from intracellular pools 
may provide a signal for the loss of ΔΨm that eventually leads 
to apoptosis-like death in LPS mediated ARDS model. Because 
mitochondrial changes brought about by ROS could be a crucial 
event in the pathogenesis of the disease, the effects of 
exogenous surfactant on elements in this signal transduction 
pathway may clarify its role of minimizing pulmonary 
inflammation associated with the ARDS. 
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[I] BACKGROUND 

 
A localized alveolar defects are frequently found in partially 
edentulous patients that impairs the prosthetic restoration of 
damaged ridge area causing esthetic, phonetic, and oral hygiene 
complications. These defects are associated with the deficit in 
volume of bone and soft tissues within the alveolar process 
resulting from traumatic tooth extractions, advanced periodontal 
diease or periapical pathologies, developmental defects, external 
trauma, and tumors. Siebert (1983) 1 identified three basic ridge 
deformities- Buccolingual loss of tissue (class I), Apicocoronal 
loss of tissue (class II) and combination of Buccolingual–
Apicocoronal loss of tissue (class III). 
  
Over the last decade, advancements and modifications in 
technologies in the field of restorative dentistry and periodontics 
have been able to achieve best results to restore form, function 
and esthetics of the patient. Reconstructive procedures for the 
deformed alveolar ridge have evolved guided bone regeneration 
2, 3, 4, 5, 6, 7, bone graft and soft tissue graft beneath the flap 
or in tunnel made in the damaged ridge area 8,9,10. Soft tissue 

graft employed for ridge augmentation include use of free 
gingival or onlay graft, using the palate as a donor area, as 
proposed by Seibert and subepithelial connective tissue graft 
implanted in a tunnel or pouch prepared in the mucosa that lines 
the defect. However, each procedure presents certain 
limitations. 
   
New techniques are constantly being developed to treat alveolar 
ridge defects. Gasparini (2004) 11 proposed a surgical 
procedure to treat localized alveolar ridge defects in posterior 
segment by using “double-fold connective tissue pedicle graft.” 
Therefore, the purpose of this case report was to clinically 
evaluate the effectiveness of double-fold connective tissue 
pedicle graft to augment localized alveolar ridge defect in 
anterior dentition. 
 
 
 

 
Background: The evolution of periodontal plastic surgical techniques allowed the clinician to meet 
growing expectations and demands of today’s dental patient. Newer techniques are evolving in 
restorative dentistry and periodontics to treat these defects to improve the esthetics, form and functions 
of the dentition. Aims: To evaluate the outcome of double fold palatal connective tissue pedicle graft in 
Class III ridge defect in esthetic region. Case description: A 35-year old man presented with localized 
alveolar ridge deformity in maxillary anterior region was treated by double fold palatal connective tissue 
pedicle graft. Six months post surgically, soft tissue ridge augmentation resulted in 100% restoration of 
deficient ridge in anterior dentition. Discussion: Long term growth and development of clinical research 
in soft tissue and hard tissues has been provided a means of treating problems of inadequate alveolar 
ridges necessary for restorative procedures. Multiple surgical procedures may required to achieve 
predictable results. The technique described in this case report allows the graft to be folded before it is 
placed under the vestibular flap, favoring the gain in tissue volume with promising results without any 
postsurgical complication. Conclusion: soft tissue ridge augmentation resulted in 100% restoration of 
Class III ridge defect in anterior dentition. Clinical significance:  As the thickness of connective tissue 
graft is limited in anterior palatal region, this technique is predictable for all types of ridge defects and can 
be used for routine patients. 
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[II] CASE DISCRIPTION 
 
A 35-year old man presented with localized alveolar ridge 
deformity in maxillary anterior region as a result of the 
extraction of the right central incisor due to trauma 1 year 
earlier.  A clinical examination of the maxillary alveolar ridge 
revealed a Seibert Class III defect (combined apicocoronal, 
Figure– 1, and buccolingual, Figure– 2, loss of tissue height). 
A localized ridge augmentation was necessary to obtain esthetic 
prosthetic reconstruction and then it was decided to augment the 
ridge with double fold connective tissue pedicle graft.  A 
provisional restoration was made prior to the surgery. The shape 
of the teeth, an axial inclination, emergence profile of the teeth 
and the embrasure form for provisional restoration were exact 
prototype of the final prosthesis was constructed. The 
provisional prosthesis was used to help in shaping the outline of 
the augmented ridge to the desired form during healing. 
Informed consent was obtained from the patient. 
 
Immediately prior to the surgical procedure the patient was 
instructed to rinse for 30 seconds with 0.2% chlorhexidine 
gluconate solution. The area subjected to surgery was 
anaesthetized by nerve block and infiltration anaesthesia using 
local anaesthetic solution 2% Xylocaine with 1:1, 00, 000 
epinephrine. The technique involved reflection of a thin 
epithelial connective tissue flap toward the palate for exposing 
underlying connective tissue [Figure– 3]. A full-thickness 
vertical incision was made from the mesial aspect of the crest of 

the deformed ridge toward the palatal aspect. The length of the 
incision was depending on the length of connective tissue graft 
desired. The palatal incision met a partial-thickness horizontal 
incision made on the crest of the edentulous ridge. An 
intracrevicular incision palatal to the right lateral incisor and 
canine was made while preserving the central papilla. The 
reflection of a thin epithelial connective tissue flap was initiated 
at the crest of an edentulous ridge to expose the underlying 
connective tissue. The desired graft was then outlined by the 
first vertical incision made along the mesial extent and full-
thickness incisions were made along the mesial and distal extent 
of defect extending in such a way that the mesiodistal size of 
graft exceeds almost double the mesiodistal size of the ridge 
defect. Then, the connective tissue graft was reflected by blunt 
dissection with a back-action periosteal elevator [Figure– 4]. 
The reflection of palatal connective tissue graft was initiated at 
the apical or medial end, reflecting further coronally to reach 
the crest of the ridge defect. From the ridge crest, sharp 
dissection was performed near the periosteum to create a pouch 
[Figure– 5] between the alveolar mucosa and underlying bone 
on medial surface. The distal half of the connective tissue graft 
was then folded below the mesial half, giving rise to the first 
fold. With the help of a resorbable suture from the labial 
surface, the whole graft was rolled into the labial pouch, giving 
rise to the second fold. The graft was secured with the same 
suture [Figure– 6, – 7]. The palatal epithelial-connective tissue 
flap was replaced on the denuded bone and secured with 
nonresorbable sutures [Figure– 8].  
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After surgery, a non-steroidal anti-inflammatory (Tab Ibugesic-
Ibuprofen+Paracetamol, tds for 5 days) and antibiotic coverage 
consisting of Amoxicillin 500 mg tid was prescribed for 5 days. 
Patient instructed not to brush the teeth in the treated area and 

placed on 0.2% chlorhexidine gluconate mouthwash (Hexidine–
ICPA) twice daily, for one minute, for 4-6 weeks. The sutures 
were removed 10 days after the periodontal surgery, and the 
patient presented with a satisfactory soft tissue healing. 
 
During the course of the study, wound healing was uneventful. 
There were no post-operative complications and patient was 
satisfied with the results. The increase in the amount of tissue 
present was adequate to permit placing an esthetic fixed 
restoration. Initially shrinkage of soft tissue graft occurred but 
appeared stable thereafter. 
 
Six months postsurgically, there was 4mm gain in buccolingual 
width with 1.5mm gain in apicocoronal hight. Augmentation 
resulted in 100% restoration of deficient ridge, with satisfactory 
improvement in buccolingual and apicocoronal direction 
[Figure– 9]. The construction of fixed restoration was delayed 
for 2 months. The final esthetics after placement of fixed 
restoration was acceptable to the patient with superior esthetic 
results [Figure– 10]. 
 
[III] DISCUSSION 
 
The case presented refers to the treatment of a Class III alveolar 
crest defect that involved the area of only one tooth, with 
satisfactory result.  Several therapeutic alternatives have been 
proposed to correct this type of ridge defects. The previous 
techniques for ridge augmentation proposed by Abrams12 and 
Scharf and Tarnow13 used for the treatment of small to 
moderate Class I defects. These techniques pose difficulty in 
obtaining required volume because of limited thickness and size 
of the graft. At the same time, the techniques that involve large 
graft, such as full-thickness onlay grafts are more prone to cause 
necrosis10. In all these techniques, the mesiodistal dimension of 
the graft matches the mesiodistal dimension of the defect at the 
time of surgery; however, soft tissue graft undergoes shrinkage. 
Therefore, multiple surgical procedures may require to achieve 
predictable results1, 14, 15. The technique described in this case 
report was proposed by Gaspirani 11 and allows the graft to be 
folded before it is placed under the vestibular flap, favoring the 
gain in tissue volume. Since, the blood supply to the graft is 
guaranteed; the risk of necrosis is very low. Furthermore, 
clinically good color match was presented to the adjacent 
tissues, with less patient discomfort because of a single surgical 
site. 
 
[IV] CONCLUSION  

In this case report, ridge augmentation by using double fold 
palatal connective tissue pedicle graft showed satisfactory 
results in an esthetic region with a single surgical procedure that 
overcomes the limitations of the other soft tissue graft 
techniques. Clinical studies using large sample size with long-
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term analysis are necessary to determine the success rate and 
predictability of this surgical technique. 
 
[V] CLINICAL SIGNIFICANCE 

As the thickness of connective tissue graft is limited in anterior 
palatal region, this technique is predictable for all types of ridge 
defects and can be used for routine patients. 
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[I] INTRODUCTION 

 
Beta blockers eye drops contain preservative to prevent 
contamination during the treatment period of the patient. 
Preservatives for ophthalmic solutions include benzalkonium 
chloride (BAC), chlorobutanol, parahydroxybenzoates and 
polysorbate. 
 
Timolol maleate has been the drug of choice in the treatment of 
ocular hypertension and associated glaucoma for over two 
decades [1-3]. Drug related complications including chronic 
systemic and ocular side effects as a result of prolonged usage 
are a major concern [4-8]. Among the ocular side effects, 
corneal re-epithelialization remains a debatable issue. While 

some studies have reported -blockers to significantly delay 
corneal epithelial wound healing [9-11], others strongly suggest 
non-deleterious effects on this phenomenon [12, 13].  
 
One of the leading factors attributed to impaired wound healing 
following -blocker administration is the presence of 
benzalkonium chloride (BAC), a preservative used in almost all 
-blocker eye drop preparations. Numerous reports describe the 
preservative cytotoxicity which has been investigated 
extensively [16-18] and have revealed BAC to cause a delay in 
wound closure [14-16]. However it has been documented that 

 
Purpose: Timolol maleate, the ophthalmic solutions, is frequently prescribed for glaucoma, although the 
use of this drop is likely to interfere with wound healing in corneal surgeries. A possible factor that may 
influence rates of corneal wound healing is how the solutions are preserved. The purpose of this study to 
evaluate the effect of commercially prepared topical timolol maleate and its preservative benzalkonium 
chloride (BAC-) 0.0004% and 0.001% or its preservative free effect on the rate of corneal epithelial 
wound healing. Methods: In this study, New Zealand white rabbits corneas (n= 80) were removed and 
7mm epithelia were abraded mechanically.  The abraded corneal epithelia were incubated in modified 
supplemental hormonal epithelial media (SHEM) containing a)  timolol maleate drop 0.005% and 0.05% 
supplied with BAC+ (0.001%) and b) BAC-  (preservative free) timolol maleate (purified form) 0.005% 
and 0.05% and c) along with BAC+ 0.001% and 0.0004% concentration, d) only BAC with 0.001% and  
0.0004% concentration. The media containing timolol maleate and BAC was replaced every 24 hours. 
Photographic documentation of Richardson stained, non-healed areas, was performed at time points 0, 
24, 48, 72, 96 and 120 hours of post wounding. Results: The timolol maleate (0.05%) BAC accelerated 
wound healing and wound closure significantly (p<0.001), compared to controls. Delayed wound healing 
and wound closure at 120 hours was demonstrated only by timolol maleate drop at both concentrations 
(0.005% and 0.05%). Corneas treated only with BAC (0.001%) demonstrated delayed healing and wound 
closure was observed at 120 hours of post wounding. However, timolol maleate with relatively low 
concentration of BAC 0.0004% did not show any significant effect on wound healing (p<0.05). 
Conclusion: Corneal organ culture model has confirmed that topically applied timolol maleate inhibited 
corneal wound healing with its preservative BAC, although  the appropriate randomized clinical 
assessment are essential to certify these reports. 
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BAC alone does not appear to exert any effect on corneal 
epithelial wound healing [12].  
 
The first evidence to a biological function for beta blocker in 
wound healing came from an early study indicating that beta 
blocker delayed skin wound healing in newt limbs [19]. 
However subsequent studies in other epithelia yielded 
conflicting results. For example, it has been reported that beta 
blocker either delay [10, 20] or enhance [12] corneal epithelial 
wound healing.  
 
On account of the disparity in reported literature, a series of 
experiments have been designed for a better understanding of 
the extent of contribution of the commercially available -
blocker eye drop, timolol maleate and its preservative, BAC, 
and thereby, abet in the development of a safer therapeutic 
composition of the drug. Thus, our work uncovers the effects of 
timolol maleate, a commonly prescribed ophthalmic 
preparation, on corneal epithelial wound healing following 
buffering of the effects of BAC. Clearly, further investigation 
will improve our understanding of the corneal wound healing 
and hopefully escort to the development of new therapies to 
enhance wound healing. 
 
[II] MATERIALS AND METHODS 
 
2.1. Animals 
 
New Zealand white rabbits (n= 40) weighing 2-3 kg used in this study 
was in conformity to the Declaration of Helsinki on the “Guiding Principle 
in Care and Use of Animals”. Fresh eyes were obtained from a 
University slaughter house within 30 minutes following decapitation.  
 
2.2. Wound Model 
 
Rabbit corneal epithelial organ cultures were prepared as described 
previously [21, 22]. The Albino rabbit eyes were used to prepare 
migrating (n=60) and nonmigrating (n=20) corneal epithelia in organ 
culture. Four sets of experiment were performed in triplicates. The 
integrity of the corneas was checked with fluorescein. Rabbits with intact 
corneas were decapitated and their eyes processed immediately on ice. 
Following three washes in saline, the corneas were demarcated with a 7 
mm trephine, and the epithelium within this region was subsequently 
removed with a scalpel blade (#10) under a dissecting microscope 
(Olympus M081). The corneas were then excised along 1-3 mm scleral 
rim, for non-migrating epithelium, excised similarly without scraping the 
epithelium and  rinsed in Hanks Balanced Salt Solution (HBSS) (Sigma, 
St.Louis, MO) and disinfected for 5-7 minutes in antibiotic-antimycotic 
solution. The corneas were again rinsed in HBSS and transferred to 
modified Supplemental Hormonal Epithelial Media (SHEM) [24] 
containing fetal calf serum (5 %). The cultures were then incubated at 37 
°C in a CO2 incubator; media was replaced every 24 hours. The media 
containing beta blocker (timolol maleate)/or and BAC was also similarly 
processed. 
 
2.3. Treatment Groups 
 
The rabbit eyes were randomly assigned to one of four treatment group; 
each group consisted of twenty eyes. One group served as SHEM 

treated control.  Timolol maleate and its trade names and manufacturers, 
vehicle, Benzalkonium chloride (BAC) are given in Table– 1. 
 
2.4. Drugs 
 
Commercially available timolol maleate eye drop (0.5% Remington) was 
used with 0.05% and 0.005% concentrations.  Preservative BAC free 
(BAC-) timolol maleate (purified form, Sigma-Aldrich) was also prepared 
with concentrations, similar to eye drop, 0.05% and 0.005% and (BAC-) 
(0.001% and 0.0004%). Timolol maleate and BAC were dissolved 
directly in SHEM medium to give the desired concentrations.  
 
 

Table: 1. Timolol Maleate and BAC Treatment 
 

 
 
 
2.5. Wound analysis 
 
At 0, 24, 48, 72, 96 and 120 hours every cornea in each group was 
Richardson stained and its size with remaining epithelium defect was 
measured and photographed. For the statistical analysis, a one way 
ANOVA was applied. The results were presented as mean ± SD and a 
value of p<0.05 is considered to be statistically significant. 
 
[III] RESULTS  
 
Corneas treated with the beta blocker timolol maleate in its drop 
and preservative free form along with BAC 0.001% showed 
delayed healing whereas timolol maleate with 0.0004% BAC 
did not show any significant delay. However, in corneas treated 
with SHEM (control) wound closure occurred at 72 hour of post 
wounding. A comparison of data obtained on the corneal 
epithelial wound healing (48 hours, which is the active phase of 
migration) rates of all organ culture preparations is summarized 
in Table–2. At 24 hours there was no difference in the wound 
healing rates among all the treated corneas. 
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Table. 2: Rate of Corneal Epithelial Wound Healing at 48 Hours of Post Wounding. 
 
 

 
 
 
 
The corneas treated with beta blocker timolol maleate drop 
(Remington) 0.005% which contained BAC (0.001%) showed 
wound closure at 120 hours. Whereas at the same concentration 
of timolol maleate preservative free BAC- group of corneas 
showed wound closure at 72 hour. We observed a delay in 
wound healing and subsequent wound closure at 96 hours (p< 
0.001) in corneas treated with a combination of 0.001% BAC 
with 0.005% timolol maleate , whereas 0.0004% BAC with 
0.005% timolol maleate did not show any significant difference 
[Figure– 1].  
 
Corneas treated with timolol maleate drop 0.05% [Figure– 2] 
and its preservative free form showed wound closure at 120 and 
72 hours respectively whereas 0.0004% BAC with 0.05% 
timolol maleate revealed no significant effect on the rate of 
healing. Timolol maleate with 0.001% BAC took longer time to 
heal and the wound closure occurred at 96 hours of post 
wounding (p<0.001). Similarly only BAC 0.001% treated 
corneas showed delayed wound closure compared to the control 
and it also profoundly impedes wound closure at 120 hours 
[Figure– 3]. However, we observed facilitated wound healing 
in corneas treated with 0.0004% BAC alone (p<0.05) following 
wound closure at 96 hours [Figure– 4 A, B, C]. 
 
 

[IV] DISCUSSION 
 
Corneal epithelial wound healing following exposure to varying 
concentrations of  the tested commercial ophthalmic solutions 
timolol maleate was prompted  in the absence of preservative 
(BAC). 
 
Numerous reports described the toxic effect of beta blockers 
along with their preservative, BAC, disparity in peer-reviewed 
literature demand more extensive studies to better understand 
the contribution of each in corneal toxicity [2, 3, 19].         
 
The present study was conducted to investigate the extent of 
inhibitory effect on corneal epithelial wound healing induced by 
the commercially available -blocker, Timolol maleate, 
following buffering of the effects of its preservative, BAC. 
These effects on ocular surface tissue may be caused in part by 
preservatives usually applied with the therapeutic agent [25].  
 
Corneal epithelial healing rates in response to an abrasion in 
organ cultures were carried out, which is a well established 
experimental means of evaluating corneal toxicity [26]. In the 
present organ culture model we considered it appropriate to 
determine the optimum concentration of BAC at which the rate 
of healing was similar to that of the untreated controls. This 
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buffering effect was found to occur at a concentration of 
0.001% of BAC. On the contrary the same concentration of 
preservative (0.001%) in the presence of two different 
concentrations of  Timolol maleate, (0.005% and 0.05%) 
induced a delay in the wound healing rate. Our observations are 
consistent with a number of studies that have reported –
blockers to inhibit corneal re-epithelialization [10, 11] and BAC 
to significantly retard wound healing upon prolonged use [10].  
Trope et al [9] showed Betagan treated corneas to induce mild 
superficial epithelial changes with loss of microvilli or slight 

desquamation. 
 
It is noteworthy that levobunolol, the –blocker by itself has 
shown little effect on the corneal epithelial surface [13] and 
additionally enhanced the rate of wound healing [12]. 
Interestingly, BAC, which was found to disrupt the integrity of 
the outermost corneal epithelial layers, enhanced the 
transcorneal levobunolol flux and reduced its extent of 
metabolism [26]. This may provide an explanation for the 
combined toxic effect of BAC and levobunolol. 

  
 
 

 
 
 
Fig. 1: Corneal epithelia treated with timolol maleate (Drop 0.005% and BAC- 0.005% with combination of BAC+ 0.0004% and 
0.001% concentration. Wound healing was observed at different time interval represents 24, 48, 72, 96 and 120 hours. Scraped 
cornea after harvesting of epithelium 0 hour, arrows indicates 7 mm scraped region. At 72 hours, complete wound closure occurred 
at this time point in control. Corneas visualized with Richardson stain show the migrating epithelial cell from the wound margin to the 
center of wound. 
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Fig. 2: Corneal epithelia treated with timolol maleate (Drop 0.05% and BAC- 0.05% with combination of BAC+ 0.0004% and 0.001% 
concentration. Wound healing was observed at different time interval represents 24, 48, 72, 96 and 120 hours. At 72 hours, complete 
wound closure occurred at this time point in control. Corneas visualized with Richardson stain show the migrating epithelial cell from 
the wound margin to the center of wound. 
 
 

 
 
 
Fig. 3: Corneal epithelia treated with only BAC 0.0004% and 0.001% were analyzed for wound healing at different time interval 
represents 24, 48, 72, 96 and 120 hours of post wounding. Corneas visualized with Richardson stain show the migrating epithelial 
cell from the wound margin to the center of wound. 
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Fig. 4:  In vitro wound healing of timolol maleate treated corneal 
epithelia with (A) drop 0.005%, BAC- and BAC+ 0.0004% and 

0.001%.  (B) Timolol maleate 0.05% BAC- and BAC+ 0.0004% 
and 0.001% concentrations (C) only BAC 0.0004% and 0.001% 
with control (without treatment) normal migrating corneal 
epithelia in organ culture. This shows average epithelial wound 
area at 24, 48 and 72 hours after wounding. The figure shows 
the phases of wound healing 0-24, 24-48, 48-72, 72-96 and 96-
120 hours. Time to complete wound closure is seen at 72 hours 
in control group (without treatment). Each value represents six 
corneas and error bar indicates SEM.   

 
This study convincingly indicates that following buffering of 
the adverse effects of BAC, timolol maleate remains a potential 
hazard for the corneal wound healing. The BAC, which is used 
as a preservative in almost all beta-blockers, has shown 
inhibition in the rate of healing of the corneas [Figure– 4 A, B, 
C]. In the light of our results it is doubtful whether the 
concentrations to which the corneal epithelium is exposed to 
beta blockers (containing preservative) after surgeries in the 
common clinical therapeutics doses should be continued. 
Further investigations of individual components of beta 
blockers are necessary to fully understand ophthalmic solution 
cytotoxicity 
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[I] INTRODUCTION

Oxidative stress has been one of the important mechanisms for 
molecular and cellular damage of tissue. Oxygenated 
compounds, especially aldehydes such as melondialdehyde 
(MDA) and conjugated dienes, are produced during the attack 
of free radicals to membrane lipoproteins and polyunsaturated 
fatty acids. Thus oxidative stress plays an important role in the 
process of aging and pathogenesis of numerous diseases like 
diabetes, cancer, neurodegenerative diseases, and respiratory 
tract disorders [1]. Diabetes mellitus is a chronic metabolic 
disorder characterized by a high blood glucose level due to 
insulin deficiency, often combined with insulin resistance [2]. 
Diabetes mellitus leads to abnormalities in carbohydrate and 
lipid metabolism which results in excessive production of 
reactive oxygen species and oxidative stress [3, 4, 5, 6, 7]. 
Hyperlipidemia is the presence of raised or abnormal levels of 
lipids and/or lipoproteins in the blood. According to latest 
studies hyperlipidemia leads to oxidative stress [8]. Enzymic 
antioxidants like superoxide dismutase and glutathione 
peroxidase and non-enzymatic antioxidants play an important 
role in preventing the tissue damage due to the formation of 

free radicals. Usage of antioxidants helps in reducing risks of 
oxidative damages in diabetic and hyperlipidemic patients [9, 
10]. Red yeast rice (RYR) is a fermented rice product produced 
traditionally by fermenting cooked rice kernels with yeast 
Monascus sp. The use of red yeast rice in China dates back to 
first century. RYR was mentioned in ancient Chinese 
pharmacopoeia of medicinal food and herbs, where it is given 
as a medicine for digestion and revitalization [11]. It contains 
six pigments and other metabolic products from Monascus sp., 
such as alcohols, organic acids, and substances with a wide 
range of biological and therapeutic benefits, including anti-
carcinogenic, anti-oxidative, and hypolipidemic activities [12]. 
As both diabetes mellitus and hyperlipidemia leads to oxidative 
stress, antioxidant benefits of RYR can be utilized in reducing 
the risks due to oxidative stress. In our present work 
antioxidant property of Monascus fermented Indian variety of 
rice was studied in diabetes -induced high cholesterol fed rats. 
 
 

 
Objective: The present study was designed to investigate antioxidant activity of aqueous extract of 
Monascus fermented Indian variety of rice in high cholesterol diet fed- streptozotocin induced diabetic 
rats. Methods: The Indian variety rice IR-532-E-576 was fermented with Monascus purpureus for 10 
days. After 10 days of fermentation it was sterilized by autoclaving and extracted with boiling water. High 
cholesterol fed- streptozotocin-induced diabetic rats were administered with aqueous extract of 
Monascus fermented Indian variety of rice at the concentration of 1.2 g / Kg of bw and 2.4 g / Kg bw daily 
for 30 days. The oxidative parameters like lipid peroxidation, reduced glutathione, superoxide dismutase 
and catalase activities were assessed. Results: Administration of high cholesterol diet and 
streptozotocin to experimental animals showed significant (p<0.001) increase in the level of lipid 
peroxidation and significant (p<0.001) reduction in the level of superoxide dismutase, reduced 
glutathione and catalase, whereas on administration of aqueous extract of Monascus purpureus 
fermented Indian variety of rice reduced the level of lipid peroxidation to almost normal, significantly 
(p<0.05) and increased the levels of reduced glutathione, superoxide dismutase and catalase, 
significantly (p<0.05) at the dose of 1.2 g / Kg of bw and 2.4 g / Kg bw. Conclusion: Diabetes mellitus 
and hyperlipidemia leads to oxidative stress, from the present study it was concluded that consumption of 
Monascus fermented rice, having antioxidant activity in vivo can be good dietary supplement for diabetes 
induced hyperlipidemia. Antioxidant benefits of Monascus fermented rice can be utilized in reducing the 
risks due to oxidative stress. 
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[II] MATERIALS AND METHODS  
 
Materials 
 
Streptozotocin (STZ) and all other chemicals used for this study were 
purchased from Sigma, USA. Indian variety of rice from local market, 
Coimbatore, Tamil Nadu. 
 
2.1. Production of Monascus fermented rice  
  
Monascus fermented rice was produced by solid state fermentation of 
Indian variety of rice with Monascus purpureus at the concentration of 
107 spores/ mL for 10 days at 30°C. Fungal culture of Monascus 
purpureus MTCC 1090 was obtained from The Institute of Microbial 
technology, Chandigarh, India. 
 
2.2. Preparation of Monascus fermented rice 
extract 
 
The dried Monascus purpureus fermented Indian rice was crushed and 
used for extraction with water by boiling at 100°C for 4 hours. Extract 
was filtered and used for further studies [13, 14].  
 
2.3. Evaluation of anti-oxidant activity 
 
2.3.1. Experimental animal model 
 
Male Wistar Albino rats weighing 200-250g were used in the present 
study. All rats were kept at room temperature of 22°C in the animal 
house. All animal procedures were performed after approval from the 
institutional animal ethical committee of Kovai Medical Centre Research 
and Educational Trust, Coimbatore, Tamil Nadu, India (Approval 
no:KMCRET/Ph.D/1/2009). All animals were maintained in accordance 
with the internationally accepted ethical guidelines for the care of 
laboratory animals. Prior to the experiments, rats were fed with standard 
food for one week in order to adapt to the laboratory conditions.  
 
2.4. Induction of diabetes 
 
Diabetes was induced in overnight fasted adult Wistar Albino  rats 
weighing 200-250g by single intra-peritoneal(i.p) injection of 60 mg/kg of 
STZ  dissolved in citrate buffer (pH 4.5). Hyperglycemia was confirmed 
by elevated glucose levels in plasma, determined at 72 hour and then 
on day 7 after injection. The threshold value of fasting plasma glucose 
to diagnose diabetes was taken as >126mg/dL.Only rats found with 
permanent diabetes (except for control group) were selected for the 
antioxidant study and are fed with high cholesterol diet (2% w/v 
cholesterol with standard pellet diet). 
 
2.5. Experimental design 
 
Thirty animals were divided into five groups, each consisting of six 
animals. Group 1 animals were non-diabetes induced, received normal 
diet (Control group).Group 2 animals were diabetes induced fed with 
high cholesterol diet and received oral administration of 2 mL of sterile 
water. Group 3 and 4 were diabetes induced, fed with high cholesterol 
diet and received oral administration of Monascus fermented rice 
extract at the dose of 1.2 and 2.4 mg/kg bw (body weight) respectively 
in 2 mL of sterile water for 30 days. Group 5 was diabetic induced and 
fed with high cholesterol diet and received oral administration of 
reference hypoglycemic drug with antioxidant activity gilbenclamide 10 
mg/kg bw in 2 mL of sterile water for 30 days. In group 2, 3, 4 and 5 
diabetes was induced by administration of STZ at dose 60mg/kg bw, i.p. 

 
2.6. In vivo antioxidant activity 
 
2.6.1. Preparation of tissue homogenate 
 
The tissues were weighed and 10% w/v tissue homogenate was 
prepared by mincing and homogenizing the tissues in 0.1 M phosphate 
buffer (pH 7.5). After centrifugation at 10,000 rpm for 10 minutes, the 
clear supernatant was used for the estimation of non-enzymatic and 
enzymatic antioxidants.  
 
2.7. Estimation of lipid peroxidation (LPO) in 
liver tissue 
 
Lipid peroxidation in liver tissue was estimated colorimetrically by 
TBARS and hydroperoxides. 0.1 mL of tissue homogenate in Tris-HCl 
buffer (pH 7.5) was treated with 2 mL of TBA-TCA-HCl reagent (TBA 
0.37%, 0.25N HCl and 15% TCA-1:1:1 ratio) and placed in water bath 
for 15 min and cooled. The absorbance of clear supernatant was 
measured against reference blank at 535nm spectrophotometrically. 
The lipid peroxidation was calculated on the basis of the molar 
extinction coefficient of MDA and expressed as nm MDA/g protein [15, 
16]. 
 
Estimation superoxide dismutase (SOD) in liver 
tissue 
 
The activity of SOD was assayed by the method of Kakkar et al [17]. 0.5 
mL of tissue homogenate was diluted with 1mL of water. To this 
mixture, 2.5 mL of ethanol and 1.5 mL of chloroform (all reagents 
chilled) were added and shaken for 1 min at 4°C and then centrifuged. 
The supernatant was taken. The assay mixture containing 1.2 mL of 
sodium pyrophosphate buffer (0.025 M, pH 8.3), 0.1ml of 186 μM PMS, 
0.3 mL of 30 μM NBT, 0.2 mL of 780 μM NADH, appropriately diluted 
enzyme preparation and water in a total volume of 3 mL. Reaction was 
started by the addition of NADH. After incubation at 30°C for 90 
seconds the reaction was stopped by the addition of 1mL glacial acetic 
acid. The reaction mixture was stirred vigorously and shaken with 4mL 
of n-butanol. The intensity of the chromogen in the butanol layer was 
measured at 560nm against butanol blank. Assay mixture devoid of 
enzyme served as control. One unit of the enzyme activity is defined as 
the enzyme reaction, which gave 50% inhibition of NBT reduction in one 
minute under the assay conditions.  
 
Estimation of reduced glutathione (GSH) in liver 
tissue   
 
GSH was determined by the method of Ellman (1959) [18]. 0.5mL of 
tissue homogenate was precipitated with 2mL of 5% TCA and 
centrifuged at 3200×g for 20 minutes. After centrifugation, 1mL of the 
supernatant was taken and added to 0.5mL of Ellman’s reagent (2, 2´-
dinitro-5, 5´-dithiobenzoic acid) and 3mL of phosphate buffer (pH 8.0). 
Then the absorbance was measured at 412nm.The values were 
expressed as mg/100 g tissue.  
 
Estimation of catalase in liver tissue  
 
The reaction mixture for the estimation of catalase activity contained 1.0 
mL of 0.01M pH 7.0 phosphate buffer, 0.1 mL of tissue homogenate 
(supernatant) and 0.4 mL of 2M H2O2 in a total volume of 1.5 mL. The 
reaction was stopped by the addition of 2.0 ml of dichromate-acetic acid 
reagent (5% potassium dichromate and glacial acetic acid mixed in 1:3 
ratio). Then the absorbance was measured colorimetrically at 620 nm 
and it is expressed as µmoles of H2O2 consumed/min/mg protein as 
described by Sinha 1972 [19].  
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[III] RESULTS AND DISCUSSION 
 
The results of antioxidant activity were showed in table 1. 
LPO, GSH, SOD and Catalase serve as markers in studying the 
antioxidant activity. Diabetes induced, high cholesterol fed rats 
showed 60% higher LPO when compared to the normal rats. 
Further SOD, GSH and Catalase were found to be decreased by 
34, 97 and 33% respectively. The rats treated with Monascus 
fermented rice extracts at the concentration of 1.2 and 2.4 
g/kg/day bw showed 33 and 31% reduction in LPO. The 
present study showed that the treatment with Monascus 
fermented Indian rice extract at the dose of 1.2 and 2.4 
g/kg/day bw resulted in                                                                                                                             
significant increase in GSH level to about 34 and 70% 
respectively. Antioxidant enzymes SOD and Catalase were also 
increased in their level to about 24 and 18% with 
supplementation of Monascus fermented Indian rice extract at 
the dose of 1.2 g/kg bw/day, respectively and about 34 and 
33% at the dose of 2.4 g/kg bw/day, respectively. 
 
STZ induces type 1 diabetes mellitus in the test animals 

resulting in hyperglycemia. High cholesterol diet leads to 
hyperlipidemia. Thus the test animals which are both 
hyperglycemic and hyperlipidemic are prone to the 
development of oxidative stress. The oxidative stress can be 
marked by LPO, GSH, SOD and Catalase levels. Oxidative 
stress results in  increased LPO which plays an important role 
in several pathologies like atherosclerosis, diabetes, wound 
healing, liver disorder, inflammation etc [20]. The diabetes 
induced, high cholesterol fed animals showed increased LPO 
than in control animals.The animals treated with Monascus 
fermented rice extracts showed reduced LPO level when 
compared with untreated animals, which was better than the 
animals treated with standard drug (glibenclamide) [21]. GSH, 
SOD and Catalase   protect the cell constituents from oxidative 
damage. Oxidative stress may lead to reduction in glutathione 
or inactivation of superoxide dismutase and   catalase [22].  
Concentration of these markers were found to be increased in 
animals treated with Monascus fermented Indian variety of rice 
extracts, which is also better than the standard drug 
glibenclamide. Thus the antioxidant activity of Monascus 
fermented Indian variety of rice was evident with the decreased 
LPO and increased SOD, GSH and Catalase in Monascus 
fermented Indian variety of rice extract treated rats. 
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ABSTRACT 
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[I] INTRODUCTION
 
In Macedonia, the vertisol is spreading in about 61.900 ha. It is 
present mostly in the valleys and melioration areas (Stip, 
Probistip, Zletovo, Ovce Pole, Kumanovo, Skopje, Malesh and 
Pelagonia). Vertisols have high potential for the production of 
different food crops (wheat, maize, barley, garden-stuff, fodders, 
vine yards). 
 
This type of soil is not much explored especially in the region of 
East Macedonia, as in physical and chemical characteristics, and 
in its mineralogy. In the coarser mineralogy fractions of vertislol 
there is a dominance of feldspate (usually 50-70%), and of quartz 
(20-30%) [1]. In the vertisols of Malesh and Kumanovo the 
montmoriilonite dominates in clay fraction [2]. There are similar 
results for the vertisols from Ghana, Congo, India, Morocco and 
Nigeria [3]. The dominance of montmorilonite in clay fractions is 
confirmed by numerous researchers from neighbouring Serbia [4, 
5], Bulgaria [6, 7, 8] and Albania [9]. 
  
Subject of this paper is the mineralogy of vertisol in central 
Macedonia (Stip and Probistip). The method which is used in 
laboratory work for mineralogy research is roentgen 
difractometric method. 
 
[II] MATERIALS AND METHODS  
 
The Three sites were selected to present vertisols occurring in different 
parent materials of the study area: profile No 2 – on clay sediment (Stip - 

41°49'06.42" N, 22°11'59.71" E); profile No 6 – on andesite tuff (Probistip - 
41°54'20.74" N, 22° 09'47.95" E);  and profile No 8 – on andesite breccia 
(Probistip - 41°53'34.76" N, 22°11'05.64" E). Thirteen soil samples were 
collected from the Ap (cultivated layer of humus-accumulative horizon), A 
(non-cultivated layer of humus-accumulative horizon), AC (intermediate 
horizon) and C (parent material) horizons of pedons for laboratory 
analysis.  
 
All soil samples were crushed and separated. From the individual samples 
were taken bigger particles and examined under binoculars. 
Semiquantitative analyses were performed on all soil samples. The 
proportions of minerals in the samples are calculated under the ratio of 
reflections’ intensity with the greatest intensity. 
 
The samples were shot by Difraktometar type PHILIPS PW 1051 in the 
area 2θ = 50 ÷ 600 for determination of the mineralogy composition 
without making clay analysis ("general difraktograms").  Copper radiation 
with a wavelength of  CuKα = 1.54178 Ǻ was used.  The voltage on 
anticathode of generator "NORELCO" was 40 kV, and electric current 30 
mA. The counter was moving at a speed of 2θ = 20/min. For 
determination of clay minerals from each sample were made  two 
preparations in which one was shot as untreated, then saturated with 
glycerine and the other was burning at a temperature of 480 0C to 
determine the type of clay minerals in the area 2θ = 30 ÷ 140 . This means 
that each sample is recorded four times (once in the entire region 2θ = 50 
÷ 600) and three times: untreated - N, saturated with glycerine - G and 
burning at 480 0C - Z [ 9, 10, 11, 12]. For identification of minerals JCPDS 
(ASTM) file was used. Very weak reflections were not taken into accounts 
which are insignificant for the identification of minerals or reflections that 
could not be identified on this ways. 

 
The paper is about mineralogy of vertisols spread out in Eastern Macedonia. Three basic soil 
profiles were selected to present the vertisols that occur in different parent materials (tertiary clay 
sediment, andesite tuff and andesite brecca).  
 
X-ray diffraction (XRD) is known as the best method for the identification and quantification of 
minerals present in soil. This method is used in our research for determination of present 
minerals. The XRD results indicate that the main constituents of the coarser soil fractions (silt and 
sand) are quartz, feldspates and calcite, while in the profile developed on andesite breccia two 
very rare minerals were determined (Koashvite in hor. Aca is present with 81% and Winchinite in 
hor. C is present with 45.60%). In the finest clay fraction, montmorillonite and mixture-layer 
minerals (MLM) are dominant in all cases.  
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[III] RESULTS AND DISCUSSION   
 
Hor. Ap (0-23cm): The sample contains quartz (Q - 72.60%), 
feldspates (F - 15.40%), clay minerals - montmorillonite (M - 
6.80%). Calcite (C) is present with 5.20% and reflections that 
indicate that the zeolite is present in very small quantities are 
noticed [Figure−1]. 
. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Profile 2 - Ap (0-23cm) 
 
Hor. A (23-75cm): This sample also contains quartz at most (Q - 
60.51%), then clay MLM minerals (M - 13.75%), feldspates (F) 
and calcite (C) 10.70%, and ilite-mica are present with 5.50% 
[Figure−2]. 
. 

 
Fig. 2: Profile 2 - A (23-75cm) 

 
Hor. AC (75-100cm): Quartz is the most present - 51.82%, 
montmorilonite - 18.77 and ilite (I) in very small percentage, 
feldspate - 16.85, and calcite - 12.1% [Figure−3]. 
 

 
 

Fig. 3: Profile 2 - AC (75-100cm) 
 
Hor. C (100-120 cm): Parent material differentiates from the 
other above mentioned horizons in a way that the reflections 
from calcite (C – 32.00%) and quartz (Q - 36.00%) have almost 
equal intensity.  Feldspate reflections are 13.70%, clay minerals - 
12.60% and the minerals from ilite-mica group - 5.30%.  As for 
the clay minerals, they are very mixture-layered types in which 
montmorilonite layers participate and there is a negligible 
quantity of chlorite [Figure−4]. 

 

 
 

Fig. 4: Profile 2 – C (100-120cm) 
 
 
Hor. Ap (0-18 cm): As before, in this sample the most present is 
quartz (Q - 61.10%), then feldspate (F - 26.00%), calcite (C - 
6.10%), clay minerals (M - 3.50%) are mixture-layered with 
layers of montmorrilonite mixed with ilite-mica layers even 
though there are free ilite-mica minerals ((I, L) - 3.30 %).  
Reflections of hlorite in very small quantities are noticed 
[Figure−5]. 
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Fig. 5: Profile 6 - Ap (0-18cm) 
 
Hor. A (21-73 cm): The sample contains mostly quartz (Q – 
62.40%). Calcite is present with 18.40% and feldspate is present 
with 8.00%. Clay minerals are consisting mainly of mixed-layers 
of montmorillonite, ilitte and chlorite are present with 6.70%, 
while free mica-ilite minerals are present by 4.50% [Figure−6]. 
 
 

 
Fig. 6: Profile 6 – A (21-73cm) 

 
Hor. AC (73-107cm):  Dominant mineral is quartz with 67.80%. 
Calcite is presented with 23.00%.  Clay minerals are presented 
with 4.80% (mainly ilite-montmorillonite). Free ilite-mica 
minerals are present by 4.00%. The presence of chlorite in very 
small amounts is also noticed [Figure−7]. 
 

 
 

Fig. 7: Profile 6 AC (73-107cm) 
 
Hor. C (107-130cm): this sample contains mostly quartz (Q - 
46.20%), calcite (C -28.10%), than mixture-layered silicates 
(montmorillonite-chlorite) with 8.20%. Feldspate, dolomite and 
ilite-mica are present with 5.80% [Figure−8]. 
 
 

 
Fig. 8:  Profile 6 - C (107-130) 

 
Hor. Ap (0-26cm): Feldspate is mostly present (F-56.10%) and 
then quartz (Q -36.40%). Clay minerals are present with 7.4%. 
Ilite and calcite are present in small amounts [Figure−9]. 
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Fig. 9: Profile 8 - Ap (0-26 cm) 
 
Hor. A (26-54 cm):  in this sample dominant mineral is quartz 
with 75.10%, then feldspate (F - 11, 6%). Clay minerals are 
present with 5.30% (ilite-montmorilonite and ilite-chlorite). 
Calcite has approximately the same 5.30%, while free ilite is 
present with an insignificant quantity [Figure−10]. 
 

 
Fig. 10: Profile 8 - A (26-54 cm) 

 
 
Hor. Aca (54-105 cm):  The most common mineral in this sample 
is very unusual. Attempts by the program "MPDS" indicated a 
very rare mineral Koashvite Na6 (CaMn)(Ti,Fe)SI6O18 which is 
registered in the records JCPDS (ASTM) under No. 27-669. By 
reflection intensity of 2.52 Å, this mineral (K) is present around 
81% and then quartz 12.30%. Feldspate are mostly from albeit 
type with 4.7%, clay minerals is present with 2.0% and they are 
consisted of swelling components. Reflections of free ilite are 
also noticed [Figure−11]. 
 

 
 

Fig. 11: profile 8 - Aca (54-105 cm) 
 

Hor. AC (105-140 cm): the most common mineral is quartz (Q - 
48.50%), than feldspate (F – 17.00%). Significant is the presence 
of cordierite (17.00%). Clay minerals are present with 7.50% and 
these are mainly mixed-layered minerals ilite-montmorillonite 
(ilite-chlorite) and pure chlorite. Minerals from ilite-mica group 
are present with 4.00% [Figure−12]. 

 
 

Fig. 12:  Profile 8 - AC (105-140 cm) 
 
Hor. C (140-155 cm): in this sample the most present mineral 
was difficult to determine. According to the literature review, by 
using the program "MPDS and JCPDS (ASTM) files, reflections 
correspond to a very rare mineral winchite (W) 
NaCa(Mg,Fe,Mn,Al)5Si8O22(OH)2, which according to the 
intensity of main reflection is represented by 45.6%, and is 
classified like monoclinic amphibole. Beside that this sample has 
feldspate (F - 23.60%,) quartz (Q - 16.4%), calcite (C - 8.90%) 
and clay minerals – 5.6 %. Among clay minerals prevails 
montmorilonite, then mixed layers ilite-montmorilonite and 
montmorilonite-chlorite.  Minimal amounts of mica and ilite are 
noticed [Figure−13]. 
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Fig. 13:  Profile 8 - C (140-155 cm) 
 
 
[IV] CONCLUSION  
 
Results of the laboratory research show that quartz and 
feldspates are mainly present in sand and silt fractions in 
mineralogy of researched vertisols. According to the studied 
vertisols the mineralogy is inherited from the parent material 
and it does not significantly altered with pedogenesis. Primary 
and secondary minerals in parent material are created by 
decomposition of different rocks (mainly basic) that are found 
above the lake basins. The exception is profile 6 (andesite 
brecca) where in some horizons a very rare minerals with high 
percentage can be met (koashvite, winchite), which show high 
resistance to the chemical decomposition.  Unlike the bigger 
fractions, monmorrilonite and mixed-layer minerals (ilite- 
monmorrilonite) dominate in the clay fraction and there are 
smaller quanities of ilite and chlorite.  
 
The preliminary results of this study confirm the further 
characteristics of these rare minerals, using other methods such 
as scanning electron microscopy, SEM, ICP-MS and so on. 
%.        
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