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ABSTRACT

Some antibacterial agents have been shown to neu-
tralize the biological properties of bacterial lipopoly-
saccharide (LPS). The aim of this study was to eluci-
date the role of gentamicin, tobramycin, imipenem,
tigecycline, and isoniazid in affecting the production
of nitric oxide (NO) induced by LPS in mice. Groups
of mice were injected intraperitoneally with LPS
alone, antibacterial agent alone, or LPS in combina-
tion with an antibacterial agent. Serum NO levels
were determined at 1, 3, 6 and 9 hours post-injection
using the Griess reagent method. Thin layer chroma-
tography was performed to determine if antibacterial
agent—LPS interaction had occurred. All the anti-
bacterial agents suppressed NO production. More-
over, LPS-induced production of NO was suppressed
by all the antibacterial agents, tobramycin and tige-
cycline being the most effective at 9 hours post-injec-
tion. Blocking of any of the stages leading to NO
production by the antibacterial agents is suggested.
Moreover, thin layer chromatograms obtained are
suggestive of LPS-antibacterial agent interactions.

Keywords: Lipopolysaccharide; Antibacterial Agents;
Nitric Oxide; Mice

1. INTRODUCTION

Antibacterial agents have been widely used to treat in-
fectious diseases. However, it has become apparent that
antibacterial agents may also play a role in the patho-
physiological process of septic shock, mainly through
their ability to liberate immunologically and inflamma-
tory active components such as lipopolysaccharide (LPS)
from the cell wall of Gram negative bacteria [1].

It is well established that septic shock is in part medi-
ated by inflammatory cytokines including tumor necrosis
factor alpha (TNF-a), interleukin-1 (IL-1), interleukin-6
(IL-6), and interleukin-12 (IL-12) as well as the exces-
sive production of NO induced by LPS [2]. NO is syn-
thesized by converting L-arginine to L-citrulline. The

reaction is catalyzed by a family of nitric oxide synthase
(NOS) enzymes. Three different NOS isoforms have
been characterized; neuronal NOS (nNOS, NOS 1),
inducible NOS (iNOS, NOS II) and endothelial NOS
(eNOS, NOS I1I). Among the three, iNOS is expressed
in response to various inflammatory stimuli such as LPS
and certain pro-inflammatory cytokines which cones-
guently generate a large amount of NO by macrophages,
hepatocytes, vascular smooth muscles and cardiac myo-
cytes [2].

A number of LPS-detoxifying agents including some
antibacterial agents have been reported. Serum and frac-
tions thereof have been reported to detoxify LPS [3-5].
Hydrogen peroxide [6], lithium aluminum hydride [7],
boron trifluoride [8], and sodium deoxycholate [9,10]
are some of the agents that have been reported to detox-
ify LPS. It has been suggested that detoxification could
be due to either binding to, or degrading LPS [11,12]. In
an earlier study by AL-Shami et al. [13], it was shown
that there was a decline in interferon-y and TNF-a levels
in mice injected with LPS treated with either tobramycin
or vancomycin. David et al. [14] reported that lipo-
polyamines which are essentially nontoxic compounds
inhibit, in a dose-dependent manner, LPS-induced activa-
tion of the limulus clotting cascade and the production of
TNF-0, IL-6, and nitric oxide from LPS-stimulated
J774.A1 cells, a murine macrophage-like cell line.
Moore et al. [15] reported that polymyxin B, gentamicin
and streptomycin bind to LPS and lipid A obtained from
Pseudomonas aeruginosa and possibly sequester their
activity. Moreover, various kinds of peptides have been
developed that bind to, and neutralize the LPS effect in
septic shock. Some of these peptides include a-helical
peptides such as magainin and cecropin. Other peptide
families include bactenecins, gramicidins, defensins,
saposins, and lactoferrins [16]. A more recent study by
Zorko and Jerala shows that chlorhexidine and alexidine
bind to lipopolysaccharide and lipoteichoic acid pre-
venting their binding to Toll-like receptor 4 (TLR-4) and
Toll-like receptor 2 (TLR-2) respectively, hence reduce-
ing the NO produced by murine macrophages [17].
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The aim of this study was to determine the effects of
gentamicin, tobramycin, imipenem, tigecycline and iso-
niozid on the ability of LPS to induce the production of
NO in mice.

2. MATERIALS AND METHODS

2.1. Lipopolysaccharide (LPS) and Antibacterial
Agents

LPS from Salmonella enterica serovars Minnesota, was
obtained from Sigma Chemicals Co., MO, USA. 30 pg/
0.5 mL of an LPS suspension in pyrogen-free saline
(confirmed by the Limulus Amebocyte Lysate Assay)
was prepared.

Gentamicin sulphate, Tobramycin, Imipenem mono-
hydrate and Isoniazid were obtained from Sigma-Aldrich,
USA. Tigecycline was obtained from Wyeth Pharmaceu-
ticals Inc., Philadelphia, USA. Dose of each antibacterial
agent used alone or in combination with LPS is indicated
in Table 1.

2.2. Thin Layer Chromatography (TLC)

The procedure described by Buttke and Ingram was fol-
lowed [18]. Fluka silica plates backed on aluminum, with
fluorescence, size: 10 cm x 20 cm (0.2 mm thickness)
were used. The solvent (mobile phase) was a mixture of
isobutyric acid, concentrated NH,OH and pyrogen-free
water in a ratio of 57:4:39. Ten pL of each of the suspen-
sions/solutions listed in Table 2 was applied to the plate.
The plate was then placed in the vessel containing the

Table 1. Doses of LPS, antibacterial agent, and combination of
LPS and antibacterial agent administered intraperitoneally to
mice.

Group Material Injected and Amount
1 pyrogen-free saline, 0.5 mL/mouse
2 LPS, 30 pg/0.5 mL saline/mouse
3 gentamicin, 60 pg/0.5 mL saline/mouse
4 tobramycin, 120/0.5 saline/mouse
5 imipenem, 10 pg/0.5 mL saline/mouse
6 tigecycline, 150 pg/0.5 mL saline/mouse
7 isoniazid, 150 pg/0.5 mL saline/mouse
8 LPS, 30 pg + gentamicin, 60 pug/0.5 mL saline/mouse
9 LPS, 30 ug + tobramycin, 120 pg/0.5 mL saline/mouse
10 LPS, 30 pg + imipenem, 10 pg/0.5 mL saline/mouse
11 LPS, 30 pg + tigecycline, 150 pg/0.5 mL saline/mouse
12 LPS, 30 ug + isoniazid, 150 pg /0.5 mL saline/mouse

Copyright © 2010 SciRes.

Table 2. LPS and Antibacterial Agent Suspensions used in
Thin layer Chromatography.

LPS, 20 ug/10 uL saline
Gentamicin; 40 pg/10 pL saline
40 pg Gentamicin + 20 pg LPS/10 pL saline
Isoniazid; 50 pg/10 pL saline
50 ug Isoniazid + 20 pg LPS/10 pL saline
Tigecycline; 100 pg/10 pL saline
100 pg Tigecycline + 20 pg LPS/10 uL saline
Imipenem; 12 pg/10 pL saline
12 pg Imipenem + 20 pg LPS/10 pL saline
Tobramycin; 80 pg/10 pL saline

80 pug Tobramycin + 20 pg LPS/10 pL saline

Plates were loaded with 10 L of each suspension.

solvent (mobile phase). The mobile phase was allowed
to ascend the plate for a period of 6 hours. The plate was
dried and ultraviolet light was used to observe and mark
the bands obtained. Retention Factors (Ry) were calcu-
lated by dividing the distance migrated by the band by
the distance migrated by the solvent front.

2.3. Mice

Female BALB/c mice aged 6 weeks (weight range:
24-26 g) were obtained from the animal care facility at
the American University of Beirut Faculty of Medicine.
Mice were treated and sacrificed in accordance to the
ethical policies.

Twelve groups, each containing 12 mice were used.
They were injected intraperitoneally with pyrogen-free
saline, LPS alone, antibacterial agent alone, or a combi-
nation of LPS and antibacterial agent (Table 1). Three
mice from each group were bled by cardiac puncture at 1,
3, 6 and 9 hours post-injection. Timings were deduced
from the work of Terao et al. [19]. In addition, a group
of three mice that received nothing was also sacrificed to
measure the basic physiological NO concentration. Prior
to bleeding, mice were anesthetized with a 0.5 mL mix-
ture of 0.12 mL ketamine (50 mg/mL), 0.03 mL xylazine
(20 mg/mL), and 0.35 mL pyrogen-free water [20]. Blood
from each group was collected; serum was separated and
used for NO determination.

2.4. Nitric Oxide (NO) Quantification

Griess Reagent system (Fluka Nitrate/Nitrite assay Kit,
Sigma-Aldrich, USA) was used to measure the amount
of NO in the mice sera. The procedure described by the
manufacturer was followed. In this method NO is con-
verted to nitrate and nitrite. The nitrate produced is then

ABB
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converted to nitrite and the total amount of nitrite pro-
duced is determined. Each serum specimen was tested in
duplicate and the mean and standard deviation reported.
Percents change of serum NO levels in the different
groups that received antibacterial agent alone were cal-
culated by subtracting the NO level obtained when anti-
bacterial agent alone was given from the basic NO level
obtained when nothing was injected. The difference was
divided by the basic NO value and multiplied by 100.
Percents change of serum NO levels in the different
groups that received a combination of LPS and antibac-
terial agent were calculated by subtracting the concen-
tration of NO obtained when a combination of LPS and
antibacterial agent was used from the NO value obtained
when LPS alone was injected. The difference was di-
vided by the LPS-alone value and multiplied by 100.

3. RESULTS
3.1. Thin Layer Chromatography

It can be observed in Table 3 and Figure 1 that there
was a slight change in the Ry value and the appearance of
tailing when LPS was treated with gentamicin. Only tail-
ing with no apparent bands was obtained upon treatment
of LPS with tobramycin. A single band with slight dif-
ferences in R¢ values were obtained when LPS was treated
with the other antibacterial agents. In addition, there were
differences in the shape and intensity of the bands.

3.2. Nitric Oxide Levels

The serum nitric oxide levels obtained in the different
groups of mice at different time intervals are given in
Table 4. The percent change in NO levels in mice that
received an antibacterial agent or LPS combined with an
antibacterial agent are given in Table 5. It can be ob-
served that at 1 and 3 hours post-injection, LPS alone
caused a decrease in serum NO levels followed by in-
creased levels at 6 and 9 hours post-injection. In all
cases where antibacterial agent alone was administered
there was a decline in NO levels. In most cases where
mice were injected with a combination of antibacterial
agent and LPS, there was a decline in serum NO levels
when compared to levels obtained in mice that received
LPS alone. The most pronounced decline was in the
groups that received LPS combined with tobramycin or
tigecycline at 9 hours post-injection.

4. DISCUSSION

LPS has a broad spectrum of biological activity. It acti-
vates the complement and coagulation systems and in-
teracts with the TLR-4. As a result, a number of biologi-
cally active substances are produced in excess, and
might lead to disseminated intravascular coagulation,
hypotension and shock [2]. It has been suggested that
antibacterial agents used to treat Gram negative infec-

Copyright © 2010 SciRes.

Table 3. Retention Factors (Rs) of the Different Bands Ob-
tained in Thin Layer Chromatography.

Preparation R¢
LPS 0.68
Gentamicin 0.63

Gentamicin + LPS 0.60, Tailing

Tobramycin Tailing, no visible band

Tobramycin + LPS Tailing, no visible band

Imipenem 0.71
Imipenem + LPS 0.69
Isoniazid 0.79
Isoniazid + LPS 0.79
Tigecycline 0.74
Tigecycline + LPS 0.71

From left to right:
LPS spot: 10 pL containing 20 pg LPS was applied.
Gentamicin spot: 10 pL containing 40pug gentamicin was applied.
LPS + Gentamicin spot: 10uL containing 20 pug LPS + 40 pg ge-
tamicin was applied. Note the tailing obtained.
R¢ LPS = 0.68; R; Gentamicin = 0.63; R; LPS + Gentamicin = 0.6

Figure 1. A representative thin layer chromatogram.

tions may promote the release of LPS and contribute to
transient exacerbation of clinical symptoms [1,21]. On

ABB
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Table 4. Serum Nitric Oxide Levels in Mice Treated with LPS, Antibacterial Agent, or LPS + Antibacterial Agent at Different

Time Intervals Post-injection.

Treatment Nitric Oxide Level (uM) Post-Treatment at
1 hour 6 hour 9 hour

Saline 198.4 +16.8 200.9 +16.9 201.9+17.2 202.4+17.1
LPS 106.4 + 43.6 99.1+239 305.1£49.8 454.3 +78.6
Gentamicin 58.0+14.7 117.7£20.0 106.7 £ 21.0 58.3+17.2
Imipenem 53.2+34.0 54.1 +30.0 69.3+17.6 73.8+21.7
Isoniazid 46.7 +10.7 64.1+19.9 448+ 150 59.6 £19.2
Tigecycline 50.5+10.6 458 +13.0 61.9+20.8 54.7+21.4

Tobramycin 475+59 447+89 328+6.4 49.1+6.7
LPS + Gentamicin 69.0 + 14.0 103.1£19.2 3714770 261.2+51.1
LPS + Imipenem 63.1+15.6 101.0+21.0 1451 +29.4 275.4 +59.1
LPS + Isoniazid 84.2+18.6 78.6+17.4 263.8 +53.8 239.6+71.1
LPS + Tigecycline 46.6 +5.7 73470 194.6 +25.0 1459+ 13.3
LPS + Tobramycin 53.8+11.9 66.0 +19.8 1346 +214 107.5+16.6

A group of 3 mice received nothing and the basic NO concentration obtained was 196.4 + 19.2 uM. comparing this result with values obtained
for saline alone, we can deduce that there is almost no difference in the values of both. So injecting saline alone has insignificant or no effect

on nitric oxide levels and it can be used safely as a solvent.

Table 5. Percent change in Serum Nitric Oxide Levels in Mice Injected with an Antibacterial Agent or a Combination of LPS

and Antibacterial Agent at Different Time Intervals Post-Injection.

Treatment Percent change Post-treatment at
1 hour 3 hour 6 hour 9 hour
Gentamicin —70.5% —-40.1% —45.7% -70.3%
Imipenem -72.9% —72.4% —64.7% —62.4%
Isoniazid -76.2% -67.3% -77.2% -69.6%
Tigecycline —74.3% -76.7% —68.5% —72.2%
Tobramycin -75.8% -77.2% -83.3% -75.0%
LPS + Gentamicin -35.2% 0% 0% -42.5%
LPS + Imipenem -40.7% 0% -52.4% -39.4%
LPS + Isoniazid —20.9% -20.7% -13.5% —-47.3%
LPS + Tigecycline -56.2% -26.0% -36.2% -67.9%
LPS + Tobramycin —-49.4% -33.4% -55.9% -76.3%

(-) sign represents a decline in NO level

the other hand there are reports indicating that some an-
tibacterial agents have an anti-inflammatory effect, in
addition to their anti-bacterial effect [22-27].

In this study the effect of 4 antibacterial agents that
are usually used to treat Gram negative infections, and
isoniazid used to treat tuberculosis, on the production of

Copyright © 2010 SciRes.

NO induced by LPS in mice was investigated. In all
cases the antibacterial agent reduced the amount of NO
induced by LPS.

LPS is a TLR-4 ligand. LPS first binds to serum Lipid
Binding Protein (LBP) which in turn binds to CD14 ex-
pressed by dendritic cells, macrophages and other cell
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types, and finally the complex interacts with TLR4/MD-
2 [28]. Intracellular signals are then transduced through
the, MyD88 dependent and independent pathways. In the
MyD88 dependant pathway, a series of reactions involv-
ing MyD88, interleukin-1 (IL-1) receptor-associated kinase
(IRAK) and TNF (tumor necrosis factor)-a receptor-
associated factor 6 (TRAF6) will lead to the activation
of nuclear factor kappa B (NF-kB). This in turn activates
gene expression and causes the production and release of
inflammatory mediators including the cytokines TNF-a,
IL-1, IL-6 and 1L-12 [29].

In the MyD88 independent pathway or TRIF [TIR
(Toll/interleukin-1 receptor) domain-containing adaptor
protein inducing interferon beta] pathway, the interferon
regulatory factor 3 (IRF3) is activated initially, resulting
in the production of INF-a, INF-p and NO, later NF-kB
is activated as well [30]. On the other hand, antibacterial
agents could suppress NO production by suppressing
gamma interferon production. LPS induces the produc-
tion of cytokines such as gamma interferon and tumor
necrosis factor. When gamma interferon engages its re-
ceptor expressed by cells such as macrophages the sig-
naling pathway results in activation of the transcription
factor, IRF-1 and the production of iNOS. In an earlier
study by Al-Shami et al. it was reported that tobramycin
and vancomycin suppressed the production of gamma
interferon and tumor necrosis factor induced by LPS
[13].

Antibacterial agents might have an anti-inflammatory
effect by blocking any one of the stages leading to the
production of NO induced by LPS. The fact that all 5
antibacterial agents studied caused a decrease in NO
levels and suppressed the NO-producing effect of LPS is
in support of their anti-inflammatory property.

Another potential property of antibacterial agents is
their ability to bind to LPS and sequester its activity.
LPS consists of an O-polysaccharide side chain, a core
polysaccharide, and a lipid A which is the main biologi-
cally active part of the molecule. Lipid A in itself is a
phosphoglycolipid made up of B(1,6) disaccharide glu-
coseamine backbone that contains a-glycosidic and
non-glycosidic phosphoryl groups in the 1 and 4’ posi-
tions, and (R)-3-hydroxy fatty acids in ester and amide
linkages. The disaccharide backbone is believed to be
involved in binding to cell receptors and the fatty acid
chains are thought to activate the cells following binding
[13]. Gentamicin, tobramycin, imipenem, isoniazid, and
tigecycline are rich in reactive amide and hydroxyl
groups. It could be hypothesized that the antibacterial
agents investigated bind to the lipid A portion, possibly
to the ester and amide linkages of the fatty acid chains,
and alter the bioactivity of LPS, leading to decreased
activation of cells expressing TLR-4 and less NO pro-
duction. The thin layer chromatograms obtained are in
support of this hypothesis. Thin layer chromatograms re-

Copyright © 2010 SciRes.

vealed changes in Ry values, appearance of tailing, and
differences in the shape and intensity of the bands when
LPS alone was compared to LPS treated with antibacte-
rial agent. Tailing could be the result of decomposition,
or due to some ionization of the acidic or basic groups in
the chemical structure of one or more of the components
in the sample [31]. Moreover, Moore et al. [15] proved
that polycationic aminoglycosides such as gentimicin
and streptomycin can displace dansyl polymyxin in
binding to LPS and lipid A.

Isoniazid (isonicotinic acid hydrazide) (INH), is usu-
ally used to treat tuberculosis, and not Gram negative
infections. It prevents the synthesis of mycolic acid, a
constituent of the cell wall of Mycobacterium tuberculo-
sis [32]. Because of its cationic nature it was assumed
that it would bind to LPS and neutralize its effect. The
results supported this assumption and it is proposed to
use isoniazid in conjunction with other antibacterial
agents for treating Gram negative infections in situations
where exacerbation of clinical symptoms are anticipated
as a result of LPS release.

It is worth noting that LPS when given alone resulted
in a decrease in NO production at 1 and 3 hours, fol-
lowed by an increase at 6 and 9 hours post-injection.
Rehan et al. [33] reported that LPS affected the produc-
tion of pro-inflammatory cytokines in a time-dependent
manner. At 6 hours post-treatment there was an increase,
and at 72 hours a decrease in pro-inflammatory markers.
Behling and Nowotny [34] and Haas et al. [35] have re-
ported a time-dependent effect related to the adjuvant
action of LPS and its derivatives. Depending on the time
interval between the administration of antigen and LPS,
either immunosuppression or immune enhancement was
observed. Reasons for this so-called oscillating effect is
not known, but it has been hypothesized that immuno-
suppression and immune enhancement might be under
different genetic control, or the action of LPS on cells in
accordance to their stage of development.

In conclusion, the antibacterial agents tested sup-
pressed the production of NO induced by LPS. It appears
that two mechanisms might be involved; they bind to
LPS and block its action, and/or they interfere with
pathways leading to NO production.
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ABSTRACT

The aim of this paper is to describe the possibilities
of analyzing human mastication. The development
of a standardized food model is presented. Based
on the findings of a systematic literature search an
elastic food model was created with the aim of
standardizing size and elastic properties. Three
different eatable jellied products were chosen, cre-
ated by a changing of the amount of gelatin (260
Blooms) related to the total mass of the standard
jellied food. The different hardness were classified
in soft, medium and hard, flavored identically, but
stained with different colors: soft-green, me-
dium-yellow, hard-red. A cylindrical form was
chosen with a height of 1 cm and a diameter of 2
cm. A standard protocol for analyzing chewing
patterns in men was created. The condylographic
data off several patients are described in details to
demonstrate the possible clinical implementation.
The newly developed standard food model (SFM)
showed the capability to serve in experimental set-
tings to analyze human mastication, although only
a few patients have been examined. In addition,
strength and size of the newly developed SFM load
the masticatory system in an extent; it should be
possible to disclose subclinical symptoms of pa-
tients within a short time of examination. The di-
agnostic procedure of temporo-mandibular disor-
der (TMD) should be endorsed by this new method.
The condylographic data created by a standardized
protocol should have the ability to enhance the
clinical functional analysis of patients previous to
restorative dental procedures.

Keywords: Human Mastication; Standard Food Model;

Mandibular Movement; EMG; Condylography;
Biomechanics; Temporo-Mandibular Joint; Swallowing;
Chewing; Chewing Muscle Activity; Craniomandibular
System; Nutrition; Tooth Loss

1. INTRODUCTION

Mastication is an essential part of the digestive process.
The ability of the masticatory organ to mince and proc-
ess food is directly related to with the individual’s vital
functions and general state of health. Loss of teeth and
the reduced ability to chew have a significant impact on
an individual’s nutritional condition, health, gastrointes-
tinal disorders, and digestion [1]. However, confirmed
evidence of these associations is scarcer than one would
expect it to be: key co-factors and variables are yet un-
known or only partially identified. In the existing studies,
the nutritional habits of the study participants have been
poorly or fragmentarily documented. Extrapolation of
data from animal experiments is such that the results
may be poorly applicable to the human setting [1]. Life-
style, morbidity and the individual’s socioeconomic
status are major factors influencing nutrition and oral
health.

If one views prosthetic and restorative measures in the
light of nutrition and diet, it would be meaningful to
explore dental measures critically. In a large and system-
atic overview about nutrition and its relationship with
oral health and systemic disease, the authors showed that
the negative impact of edentulism on nutritional habits
are inadequately compensated for by dental prostheses
and restorative measures [2]. Furthermore, a reduced
number of teeth may cause changes in weight; the age
and characteristics of the respective population are also
involved in this phenomenon. New and well structured
studies are needed to evaluate the association between
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nutrition, dental status and the individual’s state of heal-
th. Prospective longitudinal studies taking relevant fac-
tors such as mastication and occlusion into account
would be consequential [2]. A hypothetical model of the
associations between oral health and nutrition is shown
in Figure 1.

Patients without dementia have twenty-fold more
teeth in their mouth than age-matched patients with se-
vere Alzheimer dementia (4.7 vs. 0.2 teeth per patient).
The results of the Neuburg dementia study were highly
significant. The presence of a large number of teeth in
advanced age was identified as a protective factor in
respect of Alzheimer dementia. Conversely, edentulism
was an independent risk factor for Alzheimer dementia,
but not for vascular dementia or ischemic stroke [3].

Occlusion, occlusal interferences, and the severity of
craniomandibular disorders (CMD) appear to be associ-
ated with mastication: the more numerous the occlusal
interferences, the more advanced the CMD, the longer
the individual takes to masticate a specific type of food
and the more pronounced are the person’s atypical mas-
ticatory movements [4]. These results may be interpreted
as follows: compensatory masticatory patterns occur on
a reflex basis, but the effectiveness of such masticatory
patterns is doubtful and it may be presumed that these
patterns accelerate the progression of a CMD [4].

Human mastication is controlled by the central nerv-
ous system. Properties such as the hardness, plasticity,
elasticity and size of the ingested food directly influence
the feedback control system. Age, gender, and dental sta-
tus are intrinsic modulators. All of these factors may in-
fluence the sequence of mastication. Vertical and lateral
amplitudes as well as the velocity of jaw movements
during mastication are parameters that can be used for a
targeted analysis of determinants that are expressive of
the adaptation abilities of healthy individuals and volun-
teers [5]. On the other hand, the impact of age may not be
as significant as was initially assumed. The number of

Figure 1. A hypothetical model demonstrating the complex
interactions of oral health status, nutrition and systemic dis-
eases (adapted from 17).

Copyright © 2010 SciRes.

masticatory cycles needed to grind a standardized unit of
food increases with age, but the ability to adapt oneself
to the properties of food is retained even by elderly indi-
viduals [6].

Muscular activity and the frequency of masticatory
cycles may be influenced by the hardness of food in the
initial stage of mastication [7]. Flow properties and the
plastic behavior of food influence the entire masticatory
cycle. This initial phase is controlled by a programmed
pattern steered by the cortex and the brain stem, which
adjusts the initial masticatory cycles to the food intro-
duced into the mouth. A mechanism with sensory feed-
back from the structures of the stomatognathic system is
located in the brain stem. This mechanism then takes
over the function of modifying the muscle strength of
the following masticatory movements to the quality of
the ingested food [7].

Food is minced during mastication by a process of se-
lection and breakup. The chances of a component of
food being “selected” between the teeth may be viewed
in relation to the size of the individual unit of food. The
actual breakup of food may be described as a cumulative
dividing function. Computer simulations based on these
two processes could be used to describe the individual’s
efficiency of mastication [8]. The efficiency of mincing
food may also be determined with the aid of filter meth-
ods. A functional model based on a model of human
mastication describes the qualitative abilities of the mas-
ticatory organ.

Mastication and brain activity are closely interrelated.
With the aid of functional magnetic resonance imaging
(fMRY) it was shown that mastication involves a bilateral
increase in the activity of the sensomotor cortex, the
thalamus, the amygdala and the cerebellum [9]. In eld-
erly persons, the magnitude of the increase was less in
the first three above mentioned regions, but greater in
the cerebellum. Therefore, in the elderly the function of
mastication is integrated in the neuronal circuits of the
hippocampus and appears to play an important role in
preventing age-related disorientation. Mastication may
be a useful therapy to prevent senile dementia [9]. Hu-
man mastication is supported to a great extent by the
tongue. Positioning the food, exploring its consistency
and size, as well as aiding the process of changing sides,
are essential functions without which mastication would
be impossible. Bilateral mastication of chewing gum
modulates the activity of the primary sensomotor cortex
during tongue movements, as determined on fMRI in-
vestigations. This activation appears to differ in the
hemispheres, depending on the preferred side of masti-
cation. These data support the postulated existence of
short-term memory functions which store the recently
executed movement pattern. Stimulation of the brain in
the elderly or rehabilitation of injured brains can be
supported by controlled mastication activity [9].
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Mastication is a concrete load for the mandible and
the craniomandibular joint. Loads on the mandible dur-
ing the closing action reduce the intraarticular distance
in the craniomandibular joint [10]. Ipsilateral cranio-
mandibular joints are loaded less during mastication than
contra-lateral joints [11].

Forces acting on the jaw during masticatory move-
ment have been investigated. It was found that maximal
forces are achieved in the vicinity of the intercuspal po-

sition. The forces are lowest when the jaw is opened [12].

The consistency of food is a major factor that modulates
muscle strength: harder food reduces closing strength
during mastication, but this is not the case when soft
food is chewed. The latter causes no significant changes.
Persons who wear full prostheses have lost their ability
to react adequately to the quality of food [12].

Electromyographic studies are used to analyze the
masticatory muscles. A hypothetical model was used:
simultaneous activation of the jaw openers during mas-
tication leads to additional activation of the muscles in-
volved in closing the jaw [13]. During mastication, addi-
tional and simultaneous activation of the digastric mus-
cle was much more pronounced during closure than it is
in isometric tension. However, such activation was mild
compared to the maximum possible activation potential
of the digastric muscle. Therefore, it may be concluded
that simultaneous activation of the openers has no more
than a mild impact on the additional activation of masti-
catory muscles [13]. It was also found that muscle activ-
ity measured with EMG does not always permit consis-
tent conclusions about masticatory strength [14]. The
higher muscle activity during mastication, as seen on
EMG, is not directly associated with an increase in mus-
cle strength-as compared to the activity of bruxism. Ad-
ditional EMG measurements are needed to analyze the
actual masticatory strength. It would not be permissible
to draw conclusions about loads on the cranioman-
dibular joints on the basis of muscle activity on EMG
[14]. The hardness or consistency of food modulates
EMG activity, especially during the initial masticatory
movements [15].

Masticatory patterns seem to differ from person to
person, and appear to be markedly dependent on in-
traoral and neuromuscular sensory feedback controls. A
high reproducibility may be presumed, provided the
chewed object has similar or identical properties [5].
However, it was shown that even healthy probands with
class 1 occlusion and no major deviations or missing
teeth, and no signs or symptoms of a functional disorder,
vary to a certain extent even under standardized condi-
tions [5]. The frequency of mastication, the speed of
shift, the amplitude of motions, and the duration of clo-
sure were found to differ. Psychological and physical
variables such as emotional status, irritation or fatigue
may play a role in this context, but an explicit statement

Copyright © 2010 SciRes.

in this regard cannot be made yet [5].

Registration of masticatory movements by the use of
electronic systems provides deeper insights into the mo-
tion and dynamics of the mandible and, at least indirectly,
into movements of the craniomandibular joint. Mastica-
tion is characterized by gliding of the teeth, a pause in
intercuspal position or near-intercuspal position, and
wide lateral movements [16]. This is true for children as
well as adults. Masticatory movements in the occlusion
of milk teeth are marked by a pronounced lateral motion
during opening. The extent of lateral movement during
opening is typically larger than that during closure. In
deciduous teeth, the extent of lateral movement reduces
when opening while lateral excursion increases during
closure. The adult reveals an entirely different mastica-
tory pattern: medial opening and wide lateral closure
characterize the adult masticatory pattern [16]. The
properties of food influence masticatory cycles not only
in adults but also in children. Hard food enhances the
lateral component in the adult, and increases the medial
one in children. Neither in the adult nor in the child does
one find a pure hinge movement during mastication [16].
Separation of the molars on the working side is closely
related to the size of the food bolus. This corroborates
the hypothesis that opening does not occur incidentally
during mastication, but is controlled by various feedback
systems in order to minimize effort during mastication
[17].

Swallowing and mastication are closely related to
each other. The production of saliva is a basic prerequi-
site for successful mastication. However, the additional
intake of fluid during a masticatory cycle influences
mastication positively only when the individual ingests
very dry food (for instance, cake); this is not the case
when fatty (such as cheese) or watery foods (such as
carrots) are ingested [18]. The optimal time point for
mastication was investigated, and an optimized mastica-
tion and deglutition model was developed [17]. Interest-
ingly, the number of masticatory cycles until the first act
of swallowing was very constant in the individual pro-
band, independent of the type of food, such as nuts com-
pared to carrots. In fact, the number of masticatory cy-
cles until the first act of deglutition was strongly corre-
lated with the quantity of produced saliva [17].

Analysis of human mastication is an extremely func-
tional resource of assessing the effectiveness of occlu-
sion and the functional statfus of the stomatognathic sys-
tem prior to a restorative or prosthetic intervention. For
this purpose, it is necessary to standardize the investiga-
tion and the registration procedure of mastication. This
article describes the use of a standardized model of food
in combination with mandibular movement recordings.
Principles of standard model food and standard proce-
dures of chewing recording are described elsewhere
[19-22].
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2. MATERIAL AND METHOD

The model food used to analyze mastication should be
elastic, possess different degrees of hardness, and be of a
minimum size. Based on a conventional mass of gum for
manufacturing commercial fruit gum, a standard cylin-
drical form (height 1 cm, diameter 2 cm) in three differ-
ent degrees of hardness (soft, hard, medium) was pro-
duced (A. Egger” Sohn, Sisswaren und Naturmittel
GmbH., Mellergasse 4, A-1230 Vienna, Austria). The
degrees of hardness were achieved by adding different
quantities of gelatin (edible gelatin SPM 5765, Biogel
AG Haldenstrasse 11, CH-6006 Lucerne) to the ground
mass (soft: 15.5 g per mass; medium: 23 g per mass;
hard: 31 g per mass). (Figure 2(a) and 2(b)).

Masticatory movements are visualized by the use of a
paraocclusal clutch and joint path registration. The
paraocclusal clutch influences the shearing action of the
teeth due to its buccal fixation. However, currently we
have no other means of fixing the registration arches.
The recordings described in this article were made by
the use of the CADIAX diagnostic system (BGAMMA
med. wiss. FortbildungsGmbH, Josef Brennerstr. 10,
A-3400 Klosterneuburg, Austria). All recordings had to
be based on a standardized protocol in order to perform
an optimal analysis and make inter-individual compari-
Sons.

The analysis is started by performing a conventional
visualization of the joint path in three planes (sagittal,
frontal, transverse). Initially the extent (quantity) of mo-
tion is of interest. The quantity is most easily registered
in the sagittal view. This can be determined for the
working side (AS) and the non-working side (nAS). AS
should be less in terms of quantity than nAS (Figure 3).
The position of masticatory movements is then analyzed

(b)

Figure 2. (a) Prototypes of the standard food model, green
(soft) yellow (medium) and red (hard). The amount of gelatin
(260 bloom) per mass was increased for the yellow and hard
standard food model, to increase the differences of the elastic
qualities; (b) prototypes of the standard food model, green (soft)
yellow (medium) and red (hard) with a cylindrical form and
the dimensions height 1 cm and diameter 2 cm.

Copyright © 2010 SciRes.

in relation to standard movements (protrusion/retrusion,
opening/closing, mediotrusion on the right and the left
side). Movements coincident, below or above the stan-
dard motions are tolerable (Figure 4). In this context one

(b)

Figure 3. Sagittal view of recorded mastication pattern,
(@) 21y, @, r, s; the right side is the ws and shows clearly
a lesser quantity then the nws; (b) 49y, J, I, s; the left
side (ws) shows a lesser quantity then the nws. The wide
movement (*) indicates with the initial first opening for
intake of the standard food.

@

(b)
Figure 4. Sagittal view of recorded mastication pattern, (a)
18y, &, r, h; the right side is the ws, the standard move-
ment (pro-re) is overlaid by the chewing cycles, the left
side functions below pro-re; (b) 51y, &, r, s; both sides
sketches below the pro () and are coincident with re.
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should also analyze whether the AS condyle is deviated
in a different direction than the nAS condyle during
mastication (Figure 5). As every movement is started
from the reference position (RP) after renewed fixation,
the position of masticatory movement can be assessed in
relation to RP. Involvement or avoidance of this position
may also be included in the analysis. Of course, AS and
nAS can and should be assessed as well (Figure 6). As-
sessment of harmony can be achieved by the dynamic
movement and by viewing the registered lines during the
18-second recording procedure (Figure 7).

Deviations from the points of occlusion (e.g., molar
cusps) towards the sides are a physiological phenome-
non during mastication and have been described in the
published literature [5,6]. One should always consider
the fact that the motion is a compound one. The move-
ment of the mandible to the side and the lateral shift of
the hinge axis can be analyzed in the frontal view during
the motion (Figure 8).

Viewing the joint path registration from the cranial
aspect (coronary view) provides information about the
transverse component of masticatory movement. Move-
ments towards one side or both sides are possible. The
extent of motion should be noted. Large individual dif-
ferences may be found. Associations between the quality
of occlusion and the functional state of the ligaments of
the stomatognathic system can be derived from these
registrations (Figure 9).

Visualization of time-pathway diagrams enables the
investigator to divide the masticatory cycles of AS and

@

(b)

Figure 5. Sagittal view of recorded mastication pattern,
(@) 21y, 2, 1, s; the right side is the ws, pro-re of both
sides are overlaid by the chewing cycles only during the
initial phase of the mastication; (b) 17y, @, r, h; pro-re is
overlaid by the chewing cycles on both sides.

Copyright © 2010 SciRes.

@

(b)

©

(d)

Figure 6. Sagittal view of recorded mastication pattern,
(@) 17y, @, r, m; ws ('¥) shows a tracing behind RP ()
and z-axis (vertical axis); (b) same participant as shown in
6(a), I, s; ws (V) charts a Re-Sur-trusiv tracting (); (c)
18y, &, |, h; ws (') uses the area in front and above RP
(«—): participant with dental class IlI/1 and initial con-
vexity in pro-re recording (see 6(d)); (d) same participant
as shown in 6(c); standard tracings: pro-re: green,
Open-Close (blue), Mediotrusion right (red), Mediotru-
sion left (grey). The initial convexity is indicated with
arrows ().
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@

(b)
Figure 7. Sagittal view of recorded mastication pattern;
(@) 21y, @, r, s; both sides (ws V) demonstrate a appro-
priate harmony of the chewing strokes; (b) 52y, @, 1, s;
the ws displace a breakup of the harmony, nws (A) plots
a non harmonic chewing pattern.

@ (b)

© (d)

Figure 8. Frontal view (<) of recorded mastication pat-
tern, (a) 17y, %, r, m; ws shows a lateral movement to
the right; (b) same participant as in 8(a), I, m; ws shows a
lateral movement to the left, but also to the right (—); (c)
52y, %, r h; ws shows a lateral movement to the left
(Class IIT with cross bite); (d) 49y, &, r, s, ws with a
triangular movement pattern, the arrows indicate the dy-
namics.

73

@ (b)

() (d)

Figure 9. Coronar view (<) of recorded mastication pattern, (a) 17y, ¢, r, m; ws shows ('¥) shows a distinct lateral movement to the
right; (b) same participant as in 9(a), I, m; ws (') plots movements to both sides; (c) 21y, @, r, m; ws (V) charts a movement to the
right during opening and to the left during closing (—); (d) same participant as in 9 (c), I, m; ws (¥) shows a straight movement
during opening and a shift to the left while closing (—).

Copyright © 2010 SciRes. ABB



74 G. Slavicek et al. / Advances in Bioscience and Biotechnology 1 (2010) 68-78

nAS and demonstrate these in a similar fashion as an
ECG. A ssingle masticatory movement is represented by a
peak. The frequency and harmony of a masticatory
movement can be viewed separately over an entire mas-
tication process (18 seconds). The height, breadth and
symmetry (steepness of the phase before the peak to the
steepness of the phase after the peak) of individual peaks
can be described. From such visualization one would
basically expect a uniform time-pathway diagram with
regular peaks, which reduce in height as the model food
is minced and broken up. However, this is a speculative
assumption and is not confirmed by our perusal of the
published literature. Nevertheless, the time-pathway
diagram of mastication can be described and analyzed by
this method (Figure 10).

Interesting data can be derived from the transla-
tion-rotation diagram. Movements can be divided into
two components, namely translation (horizontal axis)
and rotation (vertical axis), and visualized accordingly.
Characteristic differences seem to exist between AS and
nAS: while AS is associated with greater rotation, nAS is
marked by significant translation (Figure 11). In this
recording, the accuracy of movements close to centric
occlusion during mastication can be analyzed well.
These sections of movement, which are always accom-
panied by deceleration, impose great demands on the
neuromuscular system. The position and precision of
these sections of motion should be included in the inves-
tigation procedure. The harmony of motions can be ana-
lyzed particularly well in this type of visualization. The
direction of rotation of the pathways thus recorded may
be significant. Clockwise and anti-clockwise movements

(@

©

are possible; AS and nAS may be oriented in different
directions. A change in the direction of rotation may be
observed in some cases. However, a conclusive state-
ment about the potential pathological significance of
such dynamic features cannot be made at the present
time (Figure 12).

Gibbs and co-workers as well as other authors have
described masticatory movement on the basis of the mo-
tion of specific occlusal points such as the points of the
mandibular molars or the incisal edge of the lower front
teeth [5,6]. Similar visualizations with the aid of
CADIAX diagnostic software permit simulation of
movements in individual occlusal regions. Sagittal,
frontal and coronary views permit spatial analysis. The
extent of motion and the direction of motion on the
laterotrusion side (i.e., AS) and the mediotrusion side
(i.e., nAS) can be analyzed. Notably, the direction of
motion of the closing movement is not from the outer
lower aspect to the upper inner aspect—in the manner
described by Gibbs and co-workers. It was found that the
dynamics of some masticatory cycles are changed, and
the AS now serves as the mediotrusion side while the
food bolus is retained on the same side (Figure 13).

Obviously, the above mentioned analyses must always
be viewed with regard to the different degrees of hard-
ness of the SFM. The load imposed on the stomatog-
nathic system during mastication of hard food necessar-
ily alters the course of the motion. In a fully functioning
masticatory organ, this additional load should be of no
major importance. The effects of such loads may be
more pronounced in the presence of functional disorders
and/or deviations in occlusion (Figure 14).

(b)

(d)

Figure 10. Time-distance diagram of recorded chewing pattern, (a) 21y, @, r, s; subsequent to the initial longer and wider mouth
opening (*) due to food intake, the ws ('¥) plots harmonic and constant chewing cycles. The nws (A\) reveals an active positioning
of the mandible due to the unequal height of the peaks; (b) same participant as in 9(a), |, s; subsequent to the initial longer and wider
mouth opening (*) due to food intake, the ws (') plots harmonic and constant chewing cycles. The nws (A) shows an active posi-
tioning of the mandible due to the unequal height of the peaks; (c) 51y, &, r, h; chewing cycles are irregular; (d) 52y, &, r, s; the loss

of harmony and constancy of chewing cycles is obvious.

Copyright © 2010 SciRes.
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(® (b)

©
Figure 11. Translation-rotations curves of recorded chewing pattern (rotation is traced vertical, translation horizontal), (a) 21y, ¢, 1,s;
the rotation on the ws (V) is larger then on the nws (A); (b) 18y, &, 1, s; the rotation on the ws (V) is larger then on the nws (A\); the

difference is more distinct compared to 11(a); (c) 21y, @, r, s (*), m (**), h (***); only the ws is displayed. The load and additional
needed movements can be observed when chewing soft (*), medium (**) of hard (***) standard food.

@ (b)

(© (d)
Figure 12. Translation-Rotations curves of recorded chewing pattern, (a) 21a, ¢, I, m; the ws (V) plots a counterclockwise direction
of rotation, while the nws (A) displays a clockwise rotation pattern; (b) same participant as in 12(a), r, h; the ws (V) do not show a
particular rotation pattern («—), only the final chewing cycles are executed with a counter clockwise rotation (—>). The nws (A)
plots a clockwise rotation; (c) 17(a), ¢, I, h; the ws (V) displays a counterclockwise direction of rotation, but to an unequal extend.
The nws (A) plots an indifferent rotation pattern; (d) 52a, ?, I, h; ws ('), but also nws (A) shows an undetermined rotation behavior.

Copyright © 2010 SciRes. ABB
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@) (b)

Figure 13. Tooth movements (Coordinates ws (¥) x = 30, y = 30, z = 30; coordinates nws (A) x = 30, y = -30, z = 30), (a) 18a,
&, 1, h; ws (W) and nws (A) show a lateral movement in direction to the ws («<). The sagittal view demonstrates the move-
ment back and downward (participant with dental Class I); (b) 18a, &, r, m; the frontal view reveals a similar movement, but
some chewing strokes are conducted in an atypical manner from down and left (1). The sagittal movement is more oriented
down and anterior (participant with Class 11/1).

@ (d)

(b) ()

© ®

Figure 14. Demonstration of the loading of the chewing organ due to the different hardness of the model food, (a, b, ¢) 51a, m,
r, s; (b, d, f) same participant as in 14(a), r, h.

Bilateral mastication provides no significant addi- with other muscle groups such as the floor of the mouth,
tional information for quantitative and qualitative de- the suprahyoid muscles, the postural muscles, the tongue,
scriptions. However, due to the harmony of changing and the mimic muscles (Figure 15). One should con-
sides, one may draw conclusions about coordination sider the fact that especially shifting the food bolus from

Copyright © 2010 SciRes. ABB
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Figure 15. Time-distance diagram of a chewing sequence, up
right side, down left side. The participant was asked to change
the chewing side twice (shaded areas). The change in the regu-
lar chewing cycles can be seen clearly.

the right to the left side or vice versa is rendered much
more difficult by the paraocclusal clutch and its handle.
The usual physiological processes of the muscles of the
cheek, the tongue, and especially the lips are impaired.

During and after the recording of masticatory move-
ments, the proband should always be asked about any
sensations or side effects that may have occurred. It was
found that the nine recordings of masticatory movements
do impose a load on the masticatory muscles and the
craniomandibular joints. Even asymptomatic probands
notice the loads and also perceive certain muscular sen-
sations (general fatigue of muscles, individual sites of
pain in muscles, pain in the craniomandibular joint either
spontaneously or on palpation).

3. SUMMARY AND CONCLUSIONS

This article highlights the significance of a standardized
procedure for analysis of human mastication. A database
consequently created should, in the future, enable the
dentist to comprehend and describe the physiological
masticatory pattern and all of its conceivable individual
variations. Based on the physiological processes thus
identified, it will be possible to determine parameters
that influence mastication and utilize these for the indi-
vidual analysis. The discovery of deviations from the
physiological masticatory pattern, and especially the iden-
tification of pathophysiological masticatory movements
by this process, might pave the way for new strategic
approaches in the diagnosis and treatment of the stoma-
tognathic system. However, dynamic processes can only
be analyzed on the basis of standardization of the data
thus obtained. Therefore, this article is intended to serve
as a contribution to the discussion and may initiate new
research approaches in the clinical as well as experi-
mental setting.
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ABSTRACT

Lectins are the carbohydrate-binding proteins of
non-immune origin which have been the subject of
intense investigation over the last few decades owing
to the variety of interesting biological properties.
Most of the lectins which have been purified and
characterized from plants have been obtained from
dicotyledons. In the present study a lectin was puri-
fied from tubers of a monocot plant Arisaema utile
(AUL) Schott by affinity chromatography on asia-
lofetuin-linked amino activated silica beads. AUL
gave a single band in SDS-PAGE at pH 8.3 corre-
sponding to subunit Mr 13.5 kDa. The native mo-
lecular mass of AUL was 54 kDa suggesting a homo-
tetrameric structure. AUL gave multiple bands in
isoelectric focusing and in native PAGE at pH 8.3.
AUL was inhibited by N-acetyl-D-lactosamine (Lac
NAc), a disaccharide and asialofetuin, a complex de-
sialylated serum glycoprotein. When treated with
denaturing agents, the lectin was stable in the pres-
ence of urea (3 M), thiourea (4 M) and guanidine HCI
(4 M). AUL was a glycoprotein with a carbohydrate
content of 1.2%. Complete loss of activity was ob-
served upon modification of tryptophan residues of
the lectin. The activity was reduced to 25% after
modification of tyrosine. Chemical modification of
arginine, histidine, serine and cysteine residues of
AUL did not affect its activity. Using Far UV CD
spectra the estimated secondary structure was 37%
a-helix, 25% B-sheet and 38% random contributions.
The lectin showed potent mitogenic response towards
human lymphocytes. In vitro anti-proliferative assay
using 11 human cancer cell lines resulted in 50% in-
hibition of six cell lines viz. SW-620, HCT-15,
SK-N-SH, IMR-32, Colo-205 and HT-29 at 38, 42, 43,

49, 50 and 89 pg/ml, respectively.

Keywords: N-acetyl-D-lactosamine; Arisaema Utile;
Affinity Purification; Anti-Proliferative; Asialofetuin;
Chemical Modification; Lectin; Mitogenicity

1. INTRODUCTION

Lectins are proteins or glycoproteins of non-immune
origin that bind specifically to carbohydrates [1]. Most
lectins are usually multivalent and able to agglutinate
erythrocytes and other cells [1,2]. They have been
proved excellent and versatile macromolecular tools for
the study of normal or transformed cell surfaces, for the
isolation of glycoconjugates and for use in other areas of
biomedical science [3]. One of the most exiting proper-
ties resulting out of the interaction of lectins with lym-
phocytes is mitogenicity, i.e. the triggering of quiescent,
non-dividing lymphocytes into a state of growth and
proliferation. The discovery of first mitogenic lectin
Nowell [4] led to the detection of many other such lec-
tins, most notably concanavalin A [5], Wheat germ ag-
glutinin [6] and Pokeweed mitogen [7]. However, every
new lectin may have slight differences in the ligand
binding specificity to serve as a diagnostic tool to find
immunocompetence of patients suffering from a variety
of diseases with immunological abnormalities [8]. Thus,
such mitogenic lectins are invaluable tools to study the
proliferation of various immune cells and biochemical
changes associated with lymphocyte activation.

Very few lectins have been investigated for their use
in cancer research and therapy. Preliminary investiga-
tions suggest that some lectins but not all can detect al-
terations of malignant cells as well as reduce the cancer
cell tumorigenicity by immunomodulation and thus may
be helpful for prognosis of the immune status of the pa-
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tients [9]. The lectin from Viscum album (mistletoe), for
instance, increases the reactivity of the lymphocytes of
tumor-bearing mice in vitro, indicating its immune sti-
mulating effects on the cancer-immunosuppressed lym-
phocytes. It also inhibits the protein synthesis in various
malignant cell lines [10]. Some lectins inhibit cell pro-
liferation while others stimulate it [11,12]. A few plant
lectins have been identified which induce apoptosis in
tumor cells, as for example, Viscum album L. [13,14].
Lectins interact with specific carbohydrate structures on
the tumor cell surface and may be used to differentiate
malignant from normal cells [15]. We report herein puri-
fication, characterization and amino acid modifications
of a new monocot plant lectin from Himalayan cobra lily
Arisaema utile Schott belonging to family Araceae
which has shown significant proliferation inhibition to-
wards six human cancer cell-lines and potent mitogenic
response towards human lymphocytes.

2. MATERIALS AND METHODS
2.1. Materials and Chemicals

Underground tubers of Himalayan cobra lily A. utile
were collected from Khajjiar, Dalhousie, India. Fetal calf
serum from Sera Lab (GB) and RPMI-1640 from
GIBCO-BRL (New York, USA) were procured and
stored at 4°C. Carbohydrates, diethylpyrocarbonate (DEP),
N-acetylimidazole, (NAI), N-bromosuccinimide (NBS),
2-hydroxy-5-nitrobenzyl bromide (HNB-Br), bis-dithio-
nitrobenzoic acid, (DTNB), bovine serum albumin, so-
dium azide, Con A, 5-fluorouracil, adriamycin, mitomy-
cin-C and other general chemicals were obtained from
Sigma Chemical Co. (St. Louis, USA). Standard mo-
lecular weight markers, gel filtration markers and am-
pholine (pH 3.0-10.0) were procured from Amersham
Pharmacia (New Jersey, USA). Amino activated silica
beads used were from Clifmar, UK. The Cell-lines viz.
MCF-7 (Breast), SK-N-SH (CNS), 502713 (Colon),
Colo-205 (Colon), HCT-15 (Colon), HT-29 (Colon),
SW-620 (Colon), Hep-2 (Liver), IMR-32 (Neuroblas-
toma), DU-145 (Prostate) and PC-3 (Prostate) were pro-
cured from National Center for Cell Sciences, Pune, In-
dia. These cell lines were maintained in RPMI 1640 me-
dium with 10% FCS, 10 U/ml penicillin and 100 pg/ml
streptomycin at 37°C, in humidified atmosphere (90%
air and 10% CO,) in CO; incubator (Heracell, Heraeus).

2.2. Isolation and Purification of AUL

Lectin from homogenized A. utile tubers was extracted
overnight at 4°C with 10 mM phosphate-buffered saline
(PBS), pH 7.2 (1:5 w/v). After centrifugation at 20,000
xg for 30 min, the supernatant was chromatographed on
asialofetuin-linked amino activated silica beads (1000A;
pore size, 100 p; diameter) as described by Shangary et
al. [16]. The bound lectin was eluted with 100 mM gly-

Copyright © 2010 SciRes.

cine-HCI buffer, pH 2.5. The fractions were neutralized
immediately with 2 M Tris-HCI buffer, pH 8.3. The pro-
tein rich fractions were dialyzed against PBS and stored
at 4°C for further analysis.

2.3. Lectin-Activity Assay and Sugar Inhibition
of Lectin

To 30 ul (2 mg/ml) of serial two fold dilution of the lec-
tin in microtitre plate, an equal volume of 2% (v/v) sus-
pension of rabbit erythrocytes (3.5 x 108 cells/ml) was
added [17]. Agglutination was assessed after 1h at 37°C
when the RBCs in the control well had fully settled to
form buttons. Agglutination activity was expressed as
the reciprocal of the highest dilution that gave a positive
result and was reckoned as one hemagglutination unit.
To find the carbohydrate specificity of AUL, sugar inhi-
bition was performed in a manner analogous to the he-
magglutination test [17]. For this purpose, a series of 42
sugars/derivatives were used which included 4 pentoses:
D-Arabinose, L-arabinose, D-ribose, D-xylose; 18 hex-
oses or their derivatives: D-fructose, D-galactose, D-
glucose, D-mannose, L-sorbose, L-fucose, L-rhamnose,
N-acetyl-D-galactosamine, N-acetyl-D-glucosamine, N-
acetyl-p-D-mannosamine, phenyl-D-glucosamine, o-
methyl-D-glucopyranoside, a-methyl-D-mannopyran-
oside, B-methyl-D-glucopyranoside, B-phenyl-D-gluco-
pyranoside, sialic acid, adonitol, myo-inositol; 10 disac-
charides: p-gentiobiose, D-lactose, a-maltose, D-melibiose,
D-trehalose, a-D-man (1,2)-D-man, a-D-man (1,3)-D-
man, a-D-man (1,6)-D-man, N-acetyl-D-lactosamine and
N-acetyl neuraminic acid; 3 trisaccharides: melezitose,
raffinose and N,N’,N”-triacetylchitotriose; 3 polysac-
charides: chitin, inulin and yeast mannan. Four glyco-
proteins, i.e., asialofetuin, fetuin, mucin and thyroglobu-
lin were also used. Sugars or their derivatives were
tested at a concentration of 100 mM while polysaccha-
rides and glycoproteins at a concentration of 4 mg/ml.
Lectin was used at twice the lowest concentration caus-
ing agglutination of rabbit RBCs as determined through
double dilution technique. The minimum concentration
of the sugar in the final mixture that completely inhib-
ited the lectin induced hemagglutination was taken as
minimal inhibitory sugar concentration (MISC). To as-
certain the biological specificity of AUL, the hemagglu-
tination activity was tested against both normal as well
as neuraminidase treated erythrocytes from rabbit, goat,
sheep, guinea pig, rat, and human (ABO) blood and hu-
man lymphocytes [17].

3. BIOCHEMICAL AND BIOPHYSICAL
CHARACTERIZATION

3.1. Protein and Neutral Sugar Content Analysis

Protein concentration in the crude and purified lectin
was determined by the method of Lowry et al. [18] using
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bovine serum albumin as standard while neutral sugar
content of the purified lectin preparation was estimated
by anthrone method [19] using D-glucose as standard.

3.2. Polyacrylamide Gel Electrophoresis of
Native and Denatured Lectin

Native polyacrylamide gel electrophoresis (PAGE) was
carried out using 7.5% (w/v) gel at pH 4.5 [20] and 10%
(w/v) gel at pH 8.3 [21,22]. SDS-PAGE was performed
according to Laemmli [23] using 11% (w/v) separating
gel. The lectin sample was heated in the presence/
absence of 2-mercaptoethanol for 10min in boiling water
bath. The gels were stained with Coomassie Brilliant
Blue. The subunit molecular mass of the purified lectin
was determined by comparing its electrophoretic mobil-
ity with those of molecular weight markers (14.4-94
kDa).

3.3. Isoelectric Focusing

It was carried out in 5% polyacrylamide tube gels con-
taining 5% ampholine of pl range 3.0-9.5 according to
Robertson et al. [24]. A set of pl markers was also
loaded on a separate tube gel. Before staining, am-
pholine were eluted from the gel by incubation in 10%
trichloroacetic acid (TCA) for 10 min followed by 1%
TCA for 30 min at room temperature. The gels were
stained with Coomassie brilliant blue. Isoelectric point
was calculated by comparing the mobility of lectin with
that of pl markers.

3.4. Gel-Exclusion Chromatography

The molecular mass of the native lectin was determined
by gel filtration chromatography on Biogel P-200 col-
umn (1.6 x 62 cm) calibrated with molecular weight
markers in the range of 12.4-66 kDa according to the
method of Andrews [25]. The column was equilibrated
and eluted with 10mM PBS, pH 7.2.

3.5. Effect of Temperature, PH, Denaturants,
and Chelating Agents on Lectin Activity

To determine thermal stability of affinity purified AUL,
100 pl of it was heated for 15min at a defined tempera-
ture ranging from 20 to 100°C and cooled to room tem-
perature. As the bound lectin was desorbed from the af-
finity matrix by employing glycine-HCI buffer, pH 2.5,
the effect of such a low pH on lectin-induced hemagglu-
tination was ascertained before standardizing the purifi-
cation protocol. The lectin sample was incubated with
the above-mentioned buffer for time intervals ranging
from 15 min to 6 h, followed by neutralization with
Tris-HCI buffer, pH 8.3. Thereafter, titer of each treated
sample was compared with that of controls i.e. lectin
sample mixed with glycine-HCI followed by immediate
neutralization and lectin sample in PBS alone. The effect

Copyright © 2010 SciRes.

of three denaturing agents i.e. urea, thiourea, and gua-
nidine-HCI, at a concentration range of 1.0-8.0 M was
tested on lectin activity by incubating 100 pl of each
denaturant solution with equal volume of AUL at 37°C
for 1h. To examine divalent cation requirement of AUL
for hemagglutination, demetallization of purified lectin
was carried out by the method of Paulova et al. [26] by
using EDTA followed by dialysis of sample with 0.1M
CaCl, and MnCl,. Following these treatments hemag-
glutination assay was performed with each sample and
titer was compared with that of respective untreated
samples.

4. SPECTROSCOPIC MEASUREMENTS

4.1. Fluorescence Studies

Fluorescence measurements were performed on a Shi-
madzu RF-1501 Spectrofluorophotometer. Samples were
excited at 295 nm and emission spectra were recorded
between 250 nm to 500 nm. Excitation and emission slit
widths were 5 nm. Measurements were made using lec-
tin at a concentration of 0.1 mg/ml protein in deionized
water. Base-line corrections were carried out with de-
ionized water without protein in all cases. The fluores-
cence spectra of native and NBS modified lectin samples
were recorded.

4.2. Circular Dichroism Studies

Circular dichroism spectra of AUL were recorded using
a Jasco J-715 spectropolarimeter over a wavelength of
200-250 nm at a scan speed of 50 nm/min, under con-
stant N, purging according to the manufacturer’s in-
structions (Jasco). The lectin was used at a concentration
of 0.15 mg/ml in deionized water, in quartz cuvettes of
0.1 mm path length. The accumulated average of five
protein spectra was corrected by subtraction of the spec-
tra measured from deionized water blank. Analysis of
CD spectra in terms of secondary structure content was
performed using K2D programme.

4.3. Chemical Modification Studies of Amino
Acids

The modification of tryptophan residues was carried out
using NBS [27] and HNB-Br [28] Modification of tyro-
sine residues was carried out using NAI [29]. Arginine,
histidine, serine and cysteine residues of AUL were
modified as per defined conditions in Table 1. Both
modified and unmodified lectin samples were dialyzed
and residual activity was determined after appropriate
dilution. Percentage residual activities were calculated
using the native lectin as control possessing 100% activ-
ity. For ligand protection, AUL was pre-incubated for 30
minutes with N-acetyl-D-lactosamine and then modifi-
cation was done.
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Table 1. Condition for the chemical modification studies of amino acids of AUL.

ReSi?fl:g dmOd' Reagent Con?fnn’\%a tion Buffer used Solvent Reagent Ten"inﬂeorgture Time (min)
Tryptophan NBS 10 50 mM acetate buffer, pH 6.0 Water NBS 30 60
Tryptophan HNB-Br 10 50 mM acetate buffer, pH 3.0 Dry Acetone HNB-Br 30 60

Tyrosine NAI 10 50 mM Tris-HCI buffer, pH 8.0 Water NAI 30 60
Arginine  Phenylglyoxal 10 100 mM Sodium bicarbonate, pH 8.0 Water Phenylglyoxal 30 60
Histidine DEPC 10 100 MM PBS, pH 7.2 Absolute alcohol DEPC 30 60

Serine PMSF 10 50 mM PBS, pH 7.2 Water PMSF 30 60
Cysteine DTNB 10 100 mM Phosphate buffer, pH 8.0 Water DTNB 30 60

NBS- N-bromosuccinimide; HNB-Br- 2-hydroxy-5-nitrobenzyl bromide; NAI- N-acetylimidazole; DEPC- Diethylpyrocarbonate;
PMSF- Phenylmethylsulphonyl fluoride; DTNB- 5, 5°-dithiobis 2-nitrobenzioc acid.

5. BIOLOGICAL CHARACTERIZATION
5.1. Serological Studies

Antiserum against Purified AUL was raised by immu-
nizing healthy rabbits with one mg/ml of the lectin and 1
mL of Freund’s complete adjuvant (Sigma). Three doses
were given at one-week interval each. After a weak of
the last dose, the blood was collected by puncturing the
ear pinna vein of the animal. Antiserum separated was
preserved at —20°C in aliquots containing 0.01% sodium
azide. Double immunodiffusion (Ouchterlony) was per-
formed to study serological cross-reactions. The gels
stained for 30 minutes with 0.1% amido black and de-
stained with 7% glacial acetic acid to visualize the
stained precipitin lines.

5.2. Assay of Anti-Fungal Activity

Anti-fungal activity of AUL against selected plant patho-
genic fungi, i.e., Fusarium oxysporum, Fusarium gra-
minearum, Trichoderma reesei, Colletotrichum linde-
muthianum, Alternaria solani, Rhizoctonia solani and
Botrytis cinerea was performed as described by Wang et
al. [30].

5.3. MTT (3, 4, 5-Dimethylthiazol-2yI-2,
5-Diphenyltetrazolium Bromide) Assay

A non-radioactive method [31] was employed to test the
mitogenic potential of lectin on human peripheral blood
mononuclear cells (HPBMC) separated by the method of
Boyum [32]. The assay was carried out in quadruplicates
in microtitre plate having 96 U-shaped wells (Nunc,
Denmark). The test lectin and standard mitogen con A
were filtered through 0.22 p membrane filters (13 mm
diameter, Schleicher and Schull, Germany) and stored at
4°C in aliquots of 1 ml each. The protein content was
estimated for all the lectin samples after filtration. The
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lectins were diluted in RPMI-1640 medium supple-
mented with 10% FCS to obtain the desirable concentra-
tion required for the experiment. A volume of 50 pl of
each affinity purified lectin at concentrations ranging
between 1.25-80.0 pg/ml along with standard Con A (1
mg/ml) was dispensed into 96 well microtitre plate. Now,
50 ul of lymphocyte suspension containing 2 x 10°
cells/ml was added to each well of the microtitre plate
and incubated for 72 hours. Four hours before the ter-
mination of cultures, 25 ul of MTT having a concentra-
tion of 2 mg/ml was added to each well. After 4 hours,
100 pl of acidified isopropanol was added. The blue
colour of formazan formed was read at 492 nm with
Labsystems Multiskan EX ELISA reader against a re-
agent blank.

5.4. Proliferation Inhibition Assay

To check that the lectin receptors for mitogenicity are
glyco-components in nature, the inhibitors revealed by
sugar inhibition assay AUL was used to analyze their
effect on the proliferation by MTT assay. AUL had been
were inhibited by a complex desialylated glycoprotein
i.e. asialofetuin. Therefore, asialofetuin (Sigma, USA)
was dissolved in RPMI-1640 medium supplemented
with 10% FCS at a final concentration of 2 mg/ml. In the
wells of a microtitre plate, asialofetuin from its stock
solution was serially double diluted in a total volume of
25 ul. To this an equal volume of each lectin at double
the optimum concentration was added and the plate was
incubated at 37°Cfor one hour. For the positive controls,
25 pl each of test lectin and ConA at their optimum
concentrations with an equal volume of supplemented
medium, were set in quarduplicates, thus constituting a
total volume of 50 pl/well. After the incubation step, 50
ul of lymphocyte suspension at a concentration of 2 x
10° cells/ml was added to each well.
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5.5. In Vitro Anti-Proliferative Potential of AUL
on Human Cancer Cell Lines

Inhibitory potential of the lectin was tested against ele-
ven human cancer cell lines viz. MCF-7 (Breast),
SK-N-SH (CNS), 502713 (Colon), Colo-205 (Colon),
HCT-15 (Colon), HT-29 (Colon), SW-620 (Colon),
Hep-2 (Liver), IMR-32 (Neuroblastoma), DU-145
(Prostate) and PC-3 (Prostate) according to the method
of Monks et al. [33] known as SRB assay. Cells were
seeded at 10* cells/well in 100 pl RPMI medium con-
taining 10% FCS in 96-well tissue culture plate and in-
cubated for 24 h in CO, incubator. Subsequently, 100 ul
of lectin solution (100 pg/ml), prepared in RPMI 1640
medium, was added to cells and the cultures were incu-
bated for 48 h. After incubation period, adherent cell
cultures were fixed in situ by adding 50 pl of 50% (v/v)
trichloroacetic acid (final concentration 10% TCA) and
incubated for 1h at 4°C. The supernatant was discarded
and plates were washed five times with deionized water
and dried. Hundred microliters of sulforhodamine B
(SRB, 0.4% wi/v in acetic acid) was added to each well
and the cultures were incubated for 30min at room tem-
perature. The unbound SRB was removed by washing
with 1% acetic acid and plates were air-dried. The dye
bound to basic amino acids of the cell membranes was
solubilized with Tris buffer (10 mM, pH 10.5) and the
absorption was measured at 540 nm using ELISA reader
to determine the relative cell growth viability in the
treated and untreated cells. Anti-cancer agents 5-flurou-
racil at a concentration of 1 x 10 M and mytomycin C
and adriamycin at a concentration of 1 x 10° M were
used as positive controls.

6. RESULTS AND DISCUSSION

6.1. Lectin Purification, Activity and Sugar
Inhibition

In the present study, a plant lectin having mitogenic and
antiproliferative activity has been purified from tubers of
Arisaema utile Schott by affinity chromatography using
asialofetuin as affinity ligand. The results of isolation of

the lectin are summarized in Table 2. The lectin was
eluted with 0.1 M glycine-HCI buffer, pH 2.5 (Figure 1).
In a separate experiment, AUL was found to be stable at
pH 2.0-9 for 1 hour. The efficiency of single step affinity
purification protocol is apparent from the fact that there
was 76% recovery of the lectin activity. It is also note-
worthy that lectin constitutes a sizable (21%) proportion
of the total extractable tuber protein and may serve as a
major storage protein in the tubers as also reported for
Arum maculatum [34].

Out of the 42 sugars/derivatives tested, N-acetyl-D-
lactosamine (LacNAc) and asialofetuin inhibited lectin-
induced hemagglutination. Earlier reports on monocot
lectins from the family araceae have shown their inhibi-
tion by, N-acetyl-D-lactosamine [16,17] and mannose
[35]. It is noteworthy that monocot lectins from families
amaryllidaceae and alliaceae bind mannose with high
affinity [36] but lectins from family araceae are refrac-
tory towards mannose except in Acorus lectins [35]. The
specific inhibitor of AUL i.e. LacNAc is one of the im-
portant cancer markers [37]. In this context the AUL
specific for this disaccharide may serve as a marker for
the detection of various types of cancers. Minimal in-
hibitory sugar concentration with LacNAc was 25.0 mM,
while for asialofetuin was 250 pg/ml. Inhibition of he-
magglutination with asialofetuin and not with fetuin may
suggest that sialic acid hinders the binding of the lectin
to the recognition sites on fetuin. The structure of asia-
lofetuin reveals that it consists of 80% Asn-linked oli-
gosaccharides terminating in LacNAc (Gal-B-1, 4
GIcNACc) and 20% Ser/Thr-linked oligosaccharides hav-
ing T-Disa-ccharide (Gal-p-1, 3-GalNAc) [38]. In the
sugar inhibition assay lectin showed binding with Lac-
NAc but not to T-Disaccharide and similar may be the
case of asialofetuin which has both disaccharides in its
structure.

AUL was reactive towards erythrocytes from rabbit,
rat, goat, sheep, and guinea pig and human lymphocytes
but non-reactive towards human ABO blood group eryt-
hrocytes even after neuraminidase treatment (Table 3).
In this regard AUL has broad biological specificity as

Table 2. Affinity purification of Arisaema utile lectin on asialofetuin-linked amino activated silica beads.

Specific

Step Total Protein Total activity activity Purification Recovery MEAPC
0,
(mg) (HU) (HU/mg) fold (%) (ng/ml)
Crude 890 12800 14.38 1.0 100.0 69.53
PBS fractions 230 --
Glycine-HCI fractions 188 9760 51.91 3.60 76.25 19.26
Data are for 100 g tubers.
HU = Hemagglutination unit. MEAPC = Minimal erythrocyte agglutinating protein concentration
HU- One hemagglutination unit (HU) is defined as the reciprocal of the highest dilution still causing a visible agglutination.
Copyright © 2010 SciRes. ABB
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Figure 1. Affinity purification of AUL from tuber extract on
asialofetuin-linked amino activated silica beads. Crude dia-
lyzed tuber extract of A. utile was applied to the column (0.8 x
6.0cm), pre-equilibrated with 10mM PBS, pH 7.2. Bound
lectin was eluted with 100mM glycine-HCI, pH 2.5 at flow rate
30 mi/h. [e ] Absorbance of the complex formed, in pro-
tein estimation by Lowry et al. (1951), was taken at 540 nm.
[#----#] Log, hemagglutination titre was determined using 2%
suspension of rabbit erythrocytes.

Table 3. Reactivity of AUL towards different types of erythro-
cytes and human lymphocytes.

Erythrocytes MEAPC/MLAPC (png/ml)
Untreated Neuraminidase
treated

Rabbit 14.0 14.0

Rat 56.2 14.0

Guinea pig 28.1 7.0

Sheep 28.1 28.1

Goat NA 135
Lymphocytes

Human 14.0 7.0

reported earlier for other araceous lectins [11,12,16]. The
preferential agglutination of rabbit RBCs over other an-
imal blood cells may suggest easy availability of AUL
receptors on these cells, their scanty presence on RBCs
of rat, sheep and guinea pig and complete absence on
human red blood cells. Further, increase in reactivity of
rat and guinea pig erythrocytes and human lymphocytes
following neuraminidase treatment supports the fact that
sialic acid hinders access of lectin to their receptors.

6.2. Biochemical and Biophysical
Characterization

Purified AUL was subjected to various tests to check the
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purity of the preparation. In SDS-PAGE at pH 8.3, under
both reducing and non-reducing conditions, AUL mi-
grated as a single band of 13.5 kDa (Figure 2(a)). Simi-
larly, in native PAGE at pH 4.5 it moved as single band
(Figure 2(b)). The native molecular mass of AUL was
54 kDa, as determined by gel filtration chromatography
on calibrated Biogel P-200 column (Figure 2(c)). The
results of SDS-PAGE under reducing and non-reducing
conditions and gel filtration chromatography revealed
that the lectin exists as a homotetramer of four identical
subunits which are not held together by disulphide link-
ages [12,35]. However, AUL gave two bands when sub-
jected to native PAGE at pH 8.3 (Figure 2(d)). These
results indicate the presence of isolectins in the affinity
purified AUL. Similarly, when subjected to isoelectric
focusing, multiple bands were seen representing a mix-
ture of isolectins, mostly in acidic range (Figure 2(e)) as
reported in many lectins. These findings for AUL cor-
roborate with earlier observations on various monocot as
well as dicot lectins [39-41]. The lectin isomers may be
due to variations in oligosaccharide chains [42] or it may
stem from few altered amino acids in the lectins [43].
The carbohydrate content of the lectin was 1.2% indi-
cating the lectin to be a glycoprotein. Lectin remained
stable up to 55°C for 15 minutes beyond which activity
was gradually decreased and completely lost at 80°C
(data not shown) indicating high thermal stability of
AUL as reported earlier for other araceous lectins [16].
AUL was stable in 3M Urea, 4M thiourea and 4M Gua-
nidine-HCI. The activity declined at higher concentra-
tions of denaturants but was not completely lost even at
8 M concentration of urea, thiourea and guanidine hy-
drochloride (data not shown). The denaturation by these
agents indicates the globular nature of lectins, stabilized
mainly by hydrophobic interactions (Nelson and Cox,
2001). EDTA treatment cations showed no effect on lec-
tin activity suggesting that either the lectin activity was
not dependent on metal cations or these metal ions are
too strongly held in lectin structure and cannot be re-
moved by dialysis (data not shown).

6.3. Spectroscopic Measurements and Amino
Acid Modifications

Native AUL upon excitation at 295 nm exhibited a fluo-
rescence emission maximum (Amax) at 340 nm. When
compared with emission maximum of free tryptophan
(348 nm), the emission peak of the tryptophan residue in
AUL blue-shifted by about 8 nm to 340 nm, which
showed that tryptophan residue of AUL is located in
hydrophobic areas [44]. As shown above, the modifica-
tion of tryptophan residues in AUL were essential groups
and the hydrophobic areas where they were located help
in lectin-sugar binding. The decline in fluorescence
spectrum on modification of tryptophan residues of AUL
was caused by modification of Trp (Figure 3).
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Figure 2. (a) SDS-PAGE, pH 8.3, patterns of purified AUL (lane 1) using 12% gel with (lanes 1) and without (lanes 2) 2%
2-mercaptoethanol (running time 3 h at a constant 100 V). The amount of purified lectin loaded is 20 pg. 40 pg of marker mixture
loaded in Lane M, (from top to bottom): phosphorylase b (94 kDa); albumin bovine (67 kDa); ovalbumin (43 kDa); and carbonic
anhydrase (30 kDa); trypsin inhibitor (20.1 kDa); and a-lactalbumin (14.4 kDa). The gel was stained with Coomassie brilliant blue.
(b) Discontinuous-PAGE, pH 4.5, using 7.5% gel (running time 6 h at a constant 100 V); protein load, 30 ug; lane 1, AUL. (c) Native
molecular mass estimation by standard plot of AUL on Biogel P-200 superfine gel filtration chromatography column. Standards used
for gel filtration analysis were 1) B-amylase 2) Alcohol dehydrogenase 3) Albumin bovine serum 4) Carbonic anhydrase 5) Cyto-
chrome C (d) Discontinuous-PAGE, pH 8.3, using 10% gel (running time 6 h at a constant 100 V); amount of protein loaded, 30 ng;
lane 1, AUL. (e) Isoelectric focussing of non-denatured AUL lectin on 7.5% polyacrylamide gel using carrier ampholine of pH range
3.5-10.0 (running time 12 h at a constant 200 V); protein load, 30 ug; lane M, position of pl marker proteins; 1) carbonic anhydrase I,
human erythrocytes (pl 6.6); 2) carbonic anhydrase I, bovine erythrocytes (pl 5.9); and 3) trypsin inhibitor, soybean (pl 4.6); lane (1)
AUL.
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Figure 3. The decline of fluorescence intensity of AUL during
tryptophan modification (with NBS) of AUL (100 pg/ml) was
excited at 295 nm, and spectra were recorded between 250 and
500 nm. Control is without NBS and rest values (a, b, ¢, d and
e) indicate the concentration of NBS in protein solution.

Far UV CD spectra of AUL were recorded (Figure 4).
The spectrum is characterized by two negative minima at
around 224 and 228 nm and a positive to negative cros-
sover at around 205 nm. Using K2D software the esti-
mated secondary structures are 37% a-helix, 25%
B-sheet and 38% random contributions. The secondary
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Figure 4. Far-UV CD spectrum of AUL in water.

structure of AUL is comparable with Con A [45] and
Arisaema helliborifolium [46].

Upon chemical modification of tryptophan with N-
bromosuccinimide (NBS) as well as 2-hydroxy-5-nitro-
benzyl bromide (HNB-Br), AUL completely lost its ac-
tivity. Ligand protection with N-acetyl-D-lactosamine
did not protect the lectin from losing activity suggesting
that tryptophan may not be present within the sugar
binding site but is essential in maintaining the functional
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three dimensional structure of the lectin. Tyrosine modi-
fication with N-acetylimidazole (NAI) led to 50% inac-
tivation of AUL lectin-sugar interaction. Ligand protec-
tion assay before tyrosine modification completely pro-
tected its activity which further supported the presence
of tyrosine in the sugar binding site of the lectin. On the
contrary, modification of arginine, histidine, serine and
cysteine residues with pyridoxal, diethylpyrocarbonate
(DEPC), phenylmethylsulphonyl fluoride (PMSF) and
bis-dithionitrobenzoic acid (DTNB) respectively did not
affect hemagglutinating activity of AUL suggesting that
these amino acids may not play any important role in
lectin-sugar interactions. Earlier, tryptophan modifica-
tion studies on Glycine max [47], Erythrina indica [48]
and Erythrina speciosa [49] have been shown to have
deleterious effect on the lectin activity. In Trichosanthes
dioica lectin [50], tyrosine residues are essential in car-
bohydrate binding and hemagglutination activities. Both
tryptophan and tyrosine seem to play an important role
in AUL activity in the present study.

6.4. Biological Characterization

In Oucterlony’s double immunodiffusion, AUL antisera
gave lines of identity with lectins from other araceous
species (Figure 5), thus indicating evolutionary conser-
vation of antigenic determinants on lectins from these
species. In case of Amaryllidaceae and Alliaceae, sero-
logical relationship has been reported, as lectins from
them resemble each other in their molecular structure
and carbohydrate-binding properties. When the purified
lectins from Allium moly, A. sativum, A. vineale and A.
ursinum were loaded against antiserum raised against
Narcissus cv Carlton lectins, single precipitin lines of
identity were observed between the Alliaceae and Ama-
ryllidaceae lectins thus indicating the evolutionary con-

servation of these monocot mannose-binding lectins [36].

When tested for anti-fungal activity against plant patho-
genic fungi, AUL was found non-inhibitory.

In MTT assay, AUL gave potent mitogenic response
towards human peripheral blood mononuclear cells. The
relative mitogenic stimulation of AUL towards human
lymphocytes was almost equal to that of Con A, a
well-known standard plant mitogen (Figure 6). The op-
timum proliferation dose of AUL was 20 ug/ml. The
mitogenic response of AUL was inhibited in a concen-
tration dependent manner in the presence of asialofetuin
that has been found inhibitory towards A. utile (Figure
7). The inhibition of hemagglutination and mitogenicity
induced by AUL in the presence of asialofetuin confirms
that lectin is producing mitogenic effect.

The in vitro anti-proliferative activity of AUL was car-
ried out on eleven human cancer cell lines viz. MCF-7
(Breast), SK-N-SH (CNS), 502713 (Colon), Colo-205
(Colon), HCT-15 (Colon), HT-29 (Colon), SW-620 (Co-
lon), Hep-2 (Liver), IMR-32 (Neuroblastoma), DU-145
(Prostate) and PC-3 (Prostate) (Table 4). AUL produced
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Figure 5. Double immunodiffusion. AUL antiserum was
loaded in the central well (A), 15 mg of the purified AUL was
loaded in the peripheral (well 1) and the same amount of puri-
fied lectin from Sauromatum guttatum (well 2), Gonatanthus
pumilus (well 3). The wells 4 and 5 were without lectin.
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Figure 6. Relative mitogenic index of AUL. Human peripheral
blood lymphocytes (1 x 10° cells/well) were cultured with
AUL at different concentrations. A positive control is also
shown using Con A at different concentrations. In the control
wells, cells were cultured with medium alone (no lectin). The
proliferation of lymphocytes was measured by MTT assay and
the mitogenic index was calculated by dividing absorbance of
AUL-stimulated lymphocytes with absorbance of lymphocytes
without lectin. The relative mitogenic index of AUL is its mi-
togenic index relative to mitogenic index of Con A (taken as
100). (Data represent means + SD, n = 4.)
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Table 4. In vitro antiproliferative activity of AUL against human cancer cell lines.
Percentage inhibition
Human Cancer Cell Lines (source)
Conc. MCF-7 SK-N-SH 502713 Colo-205 HCT-15 HT-29 SW-620 Hep-2 IMR-32 DU-145 PC-3
Test Sample _ (Neu-
ug/ml (Breast) (CNS) (Colon) (Colon) (Colon) (Colon) (Colon) (Liver) robl-asto (Prostate) (Prostate)
ma)
AUL 100 42+6.1 73+56 36+53 63+48 77x72 56+51 81+56 43+6.6 72+48 23+x44 45+46
AUL 50 30+25 54+51 24+40 50+65 52+66 30+52 62+55 37+68 50+53 17+28 35+46
AUL 30 17+£37 42+45 17+32 39+48 45+56 22+46 4158 30x48 33x42 10+x35 27+35
AUL 10 10+25 33+£36 11+22 27+45 31+41 12+32 30+42 22+56 20+£52 8+42 22%45
5-Fluorouracil 1x10°M 45+54 39+43 41+45 29+64 44+46 30+42 28+49 14+43 22+42 39+54 10+4.2
Adriamycin = 1x10°M 73+64 68+6.2 54+52 38+51 60+52 15+44 65+6.4 50+56 82+59 81+54 1151
Mitomycin C 1x10°M 41+58 48+48 65+45 20+45 26+51 17+36 34+55 28+38 25+46 5852 10+4
0.5- ar specificity, there is a need to investigate a range of
1009 Arisaema utile lectin
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Figure 7. Inhibition of lectin-induced mitogenic stimulation of 00 25 ;0 75 | 100 125

Human peripheral blood lymphocytes with asialofetuin at a
concentration ranging between 2 and 0.0312 mg/ml. Bars
represents the percentage inhibition of proliferation. (Data
represent means + SD, n = 4).

50% inhibition (ICso) of cancer cell lines viz. SW-620,
HCT-15, SK-N-SH, IMR-32, Colo-205 and HT-29 at 38,
42, 43, 49, 50 and 89 pg/ml respectively as calculated
from graph plotted between percentage inhibition and
concentration of AUL (Figure 8). However, 1Cs, was not
achieved in MCF-7, 502713, Hep-2, DU-145 and PC-3
cell lines even at 100 pg/ml. The difference in prolifera-
tion inhibition of various cell-lines may be due to slight
differences in the glycoconjugates expressed on the sur-
face of cancer cells. In the present study, AUL was found
specific for LacNAc which has been reported as one of
the important cancer markers [37]. It is possible that
LacNAc may be one of the components expressed on the
tumor cells under investigation and responsible for in
teraction with AUL. As every lectin has unique fine sug-
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Concentration of lectin (ng/ml)

Figure 8. In vitro anti-proliferative effect of Arisaema utile
lectin. Inhibitory effect of AUL was tested on human cancer
cell lines MCF-7 (Breast), SK-N-SH (CNS), 502713 (Colon),
Colo-205 (Colon), HCT-15 (Colon), HT-29 (Colon), SW-620
(Colon), Hep-2 (Liver), IMR-32 (Neuroblastoma), DU-145
(Prostate) and PC-3 (Prostate). Anticancer drugs 5-Fluorouracil,
Adriamycin, Mitomycin C were used as positive control. Four
different concentrations of lectin i.e. 10, 30, 50 and 100 pg/ml
lectin were used for each cancer cell line. Plot between per-
centage inhibition of cancer cell lines and concentration of
AUL was used to calculate the lectin concentration required for
50% inhibition. In the control wells cells were cultured with
medium alone (no lectin added). Growth inhibition of cancer
cell lines was measured by sulphorhodamine B dye staining
assay (Data represent means + SD, n = 4).

lectins against a number of cancer cell-lines to generate

a battery of anti-cancer reagents. There are a few reports
of mitogenic lectins which also possess anti-proliferative
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activity. In this aspect AUL is similar to the lectins iso-
lated from mushrooms having potent mitogenic activity
as well as anti-proliferative activity [51-53]. Although
several hypotheses have been put forward which sug-
gests that this effect is associated with the ability of lec-
tins to modulate the growth, differentiation, proliferation
and apoptosis of premature cells in vivo and in vitro yet
the exact molecular mechanism(s) of the anti-prolifera-
tive effect of plant lectins is not clear at present.

7. CONCLUSIONS

A lectin with mitogenic as well as anti-proliferative ac-
tivities have been purified and characterized from Ari-
saema utile Schott in the present study. The lectin was
inhibited by N-acetyl-D-lactosamine and asialofetuin.
Pure lectin is a homotetrameric molecule of 54 kDa with
subunit molecular mass of 13.5 kDa. The lectin is as
mitogenic as con A so it could also be used for mitogenic
studies to explore the mechanism of lymphocyte activa-
tion as lectin bind to sugars of their specificity. Anti-
proliferative property of AUL suggests the binding of
lectin to certain receptor on the cell surface which are
responsible for cancerous growth. Therefore this lectin
may also be detected as histochemical marker in these
type of cancers. The information from clinical studies
using pure lectins is promising therefore additional re-
search, including clinical trials, mechanisms of action at
the molecular level, and structure-function relation-
ships, should help researchers continue to examine and
elucidate the therapeutic effects of lectins Although there
is still more to know about the effects of lectins on can-
cer detection and treatment, this area of research holds
great potential.
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ABSTRACT

A serine proteinase with a fibrinogenase activity was
isolated from the venom of viper Echis multisquama-
tis. Isolation was performed by the combination of
Q-sepharose and Heparine-agarose chromatography.
The enzyme has apparent molecular weight 35 + 1 kDa.
It posesses strong fibrinogen p-chain, moderate a-
chain proteolytic activity, arginine-amidase activity
as the majority of serine fibrinogenases. The Km
value was determined for g-chain fibrinogenolytic
activity: Km = 8.3 pM. Kinetic parameters for ami-
dase activity were also determined. Amino-acid
composition was revealed. Limited hydrolysis of fi-
brinogen by the obtained fibrinogenase allowed us to
detemine stable hydrolytic subproducts with definite
molecular weights. The manner of the proteolytic
processes suggests possible use of this fibrinogenase
in probing fibrinogen structure dinamics by limited
proteolysis. Applicability of the obtained fibrino-
genase in therapeutic practice is speculative, but
presented data about its nature are encouraging and
require additional investigation.

Keywords: Fibrinogenase; Serine Proteinase;
Snake Venom; Fibrinogen

1. INTRODUCTION

Snake venoms are mixtures of high-reactive enzymes
which can influence the haemostasis components. The
enzymes affect coagulation factors and proteins of en-
dothelial cells’ and platelets” membranes. They influence
the system both non-selectively (through nonspecific
hydrolysis) and selectively. The latter way is activation
or inhibition of enzymes of coagulation, fibrinolysis and
platelets activation. They also often are resistant to
physiological inhibitors [1,2].

There is a group of fibrinogenases among snake
venom enzymes. These direct-acting endopeptidases do

not cleave off fibrinogen fibrinopeptides and therefore
do not induce polymerization [3,4]. These enzymes are
either serine- or metalloproteinases.

They are classified according to their action on the a-
or B-chains of fibrinogen. Fibrinogenases slow down
blood coagulation, because truncated fibrinogen does not
form as strong a fibrin clot as the native one. This action
is more evident for a-fibrinogenases [5].

As a rule, a-fibrinogenases contain Zink and have
molecular weights of 20-26 kDa on an average. Disul-
fide bonds are often found in their structures. Most of
them are inhibited by blood serum proteins and have
affinity both to fibrinogen and to stabilized fibrin [3,4].

On the other hand, serine proteinases are mostly
B-fibrinogenases and cleave the a-chain but moderately
(there are some a-specific ones, though) [6,7]. Apart from
fibrinogenase and arginine-esterase activities common
for all of serine fibrinogenases, some can degrade fibrin,
too. Average molecular weights vary between 23-32 kDa.
Serine fibrinogenases unlike metalloproteinases are
more heat-stable and less dependent on pH changes.
Most of them are glycoproteins [4,6,8].

There is extensive sequence homology between the fi-
brin(ogen)olytic serine proteinases and the plasminogen
activators and thrombin-like venom serine proteinases.
However they do not have thrombin-like activity, and
B-chain hydrolysis takes part in different non-thrombin
sites [4,8].

Serine proteinases, including fibrinogenolytic en-
zymes are very abundant in Viperidae venoms in which
they may account for 20% of their total protein content
[9]. The unique specifity of snake venom proteinases
makes them potentially useful in research of fibrino-
gen-depletion [10,11] and limited proteolysis.

The aim of our work was to obtain and characterize
the fibrinogenase from Echis multisquamatis venom.

2. MATERIALS AND METHODS

2.1. Materials
Q-sepharose, acrylamide, Bis, SDS, TEMED were pur-
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chased from GE Healthcare. Heparin-agarose type Il was
from Sigma. Chromogenic substrates were purchased
from Chromogenix.

2.2. Chromatography

The crude venom was dissolved in 0.05 M Tris-HCI
buffer of pH 8.9 and was applied onto an Q-sepharose
column pre-equilibrated with the same buffer. The col-
umn volume was 3 ml, a flow rate of 2.55 ml/min/cm?.
The solution was eluted with step gradient of NaCl, the
fraction with fibrinogenase activity was taken at the
ionic strength of 0.125 M (Figure 1). The active fraction
was further purified by Heparin-agarose type |1, (Sigma)
equilibrated with 0.05 M Tris-HCI buffer of pH 7.4,
column volume 2 ml, flow rate of 1.27 ml/min/cm?. The
fraction with fibrinogenase activity was taken at the
ionic strength of 0.3 M NaCl (Figure 2). Three chroma-

8q ... gradient NaCl, M

E280
NaCl, M

0.0 2.0 4.0 6.0 8.0 10.012.014.016.018.020.0

Column volumes

Figure 1. Chromatogram of fibrinogenase (*) and prothrombin
activator (**) fraction of crude E. multisquamatis venom on
Q-sepharose.

0371 im el
* + 0.9
0.25T los
+ 0.7
02T
T 0.6
2 i =
o 0.151 :; + 0.5 g
104 Z
0.17 Los
+0.2
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+ 0.1
0 0
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Column volumes

Figure 2. Chromatogram of fibrinogenase (*) of the fibrino-

genase fraction of crude E.multisquamatis venom on Heparin-
agarose type Il.

Copyright © 2010 SciRes.

tographycal cycles were required due to the volume ob-
tained after Q-sepharose process.

2.3. Electrophoretic Analysis

Protein fractions were analysed in SDS-PAGE Laemli
system [12], the proteins are identified using coomassie
brilliant blue (R-250). Molecular weight markers “Fer-
mentas” #0671 (170, 130, 100, 72, 55, 40, 33, 24 kDa).

2.4. Absorbance Coefficient Estimation

To determine the absorbance coefficient we estimated
adsorption at 280 nm and carried on the Bradford analy-
sis [13].

2.5. Amino-Acid Composition Analysis

Amino-acid composition was revealed using automatic
amino-acid analyzer T-339 “Mikrotekno”. Hydrolysis of
protein was performed in the presence of 6 M NacCl,
120°C [14].

2.6. Amidase Activity Assay

Hydrolysis of chromogenic substrates (S2238 — H-D-Phe-
Pip-Arg-pNA, S2251 - D-Val-Leu-Lys-pNA, S2765 —
Z-D-Arg-Gly-Arg-pNA, S236 — pyro-Glu-L-Pro-L-Arg-
pPNA, S2302 — H-D-Pro-Phe-Arg-pNa) under the influ-
ence of fibrinogenase was studied using the reader
(Titerteck-multiscan), E405 — E492. The analysis was
done in 0.05M Tris-HCI buffer of pH 7.4 solution, 37°C.
Chromogenic substrates concentration — 30 mM, that of
fibrinogenase — 0.010 mg/ml.

2.7. Inhibitory Assay

The fibrinogenase was verified for inhibition by serine
proteinases (DFF, PMSF, benzamidine), metallopro-
teinases (EDTA) and cystein proteinases (PCMB) in-
hibitors. PMSF — phenylmethylsulphony! fluoride; DFP
— Diisopropyl-fluorophosphate; PCMB - p-chloromercu-
ribenzoate; EDTA - ethylenediaminetetraacetic acid. For
the assay we used the thrombin-specific chromogenic
substrate S2238 (H-D-Phe-Pip-Arg-pNA) using the
reader (Titerteck-multiscan), E405 — E492. The analy-
sis was done in 0.05M Tris-HCI buffer of pH 7.4 solu-
tion, 37°C. S2238 concentration was 40-120 mM, that
of fibrinogenase — 0.010 mg/ml, and that of an inhibitor
0.8 mM.

2.8. Fibrinogenase Activity

1.5 mg/ml fibrinogen had been incubated with 0.050
mg/ml protein fractions in 0.05M Tris-HCI buffer of pH
7.4, 37°C for 10 minutes before being treated with 1
NIH/ml thrombin. The prolongation of clot formation
time comparing to the control (native fibrinogen) was
then determined.
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2.9. Kinetic Parameters

To evaluate the Michaelis constants we studied hydroly-
sis of chromogenic substrates and native fibrinogen.

Hydrolysis of chromogenic substrates was studied us-
ing the reader (Titerteck-multiscan), E405 — E492. The
analysis was done in 0.05 M Tris-HCI buffer of pH 7.4,
25°C. Chromogenic substrates concentration — 40-120 mM,
that of fibrinogenase — 0.010 mg/ml.

Plasminogen-free fibrinogen (0.5-2.5 mg/ml) was in-
cubated with the fibrinogenase (0.008 mg/ml) under
similar conditions. The hydrolyzates were analyzed us-
ing SDS-PAGE Laemmli electrophoresis in the presence
of 0.2% p-mercaptoethanol and quantitatively evaluated
by Totallab TL100.

2.10 Fibrin(ogen) Fragments Obtaining

Obtaining of fibrin(ogen) degradation products was per-
formed according to the method [15].

2.11. Fibrinogenase Treatment of Fibrin(ogen)
Fragments

Fibrinogen fragments (1.3 mg/ml) were incubated with
the fibrinogenase (0.08 mg/ml) during 60 minutes in
0.05 M Tris-HCI buffer of pH 7.4 solution, 25°C. Ana-
lyzed with electrophoresis as described above.

3. RESULTS

To achieve determined goal we fractionated crude venom,
purified the fibrinogenase and analyzed it electropho-
retically, determined substrate specificity and conducted
an inhibitory assay.

Fractioning the Echis multisquamatis venom on
Q-sepharose revealed two fractions of enzymes able to
act on haemostasis components. The one eluted at ionic
strength 0.2 M NaCl contained a prothrombin activator
(Figures 1 and 2).

Therefore, 50 mg of crude venom vyielded 2.5 mg of
electrophoretically pure fibrinogenase. Its molecular
weight is 35 £ 1 kDa. According to densitometry assay
using Totallab TL100 (Figure 3) the content of the en-
zyme in crude venom was 5.83%, so the yield was 85.6%.

Amino-acid composition was revealed (Table 1). It
was comparable with amino-acid compositions of some
snake venom serine proteinases: bothrops protease A
(p-fibrinogenase), shedaoenase (e-fibrinogenase) and
afaacytin (ap-fibrinogenase).

The enzyme was characterized under pH 7.4 as con-
sistent with its evaluated pH optimum. It degraded chro-
mogenic substrates. To qualitative determine the amidase
activity of fibrinogenase we evaluated Michaelis con-
stant for degradation of every substrate (Table 2). The
affinities to kallikrein, plasmin, and thrombin chro-
mogenic substrates highest exceeded affinities to others.

Copyright © 2010 SciRes.

Figure 3. Densitogram of crude E. multisquamatis venom (red),
fibrinogenase fraction after Q-sepharose (green) and purified
fibrinogenase after Heparin-Sepharose (black), calculated in
Totallab TL100.

Inhibitory assay was performed. Of the used inhibitors
of different types of proteinases, PMSF, benzamidine
and DFP had inhibitory effect on amidase activity of the
enzyme. It means that it belongs to the serine proteinases.
Degree of inhibitory effect was evaluated by Michaelis
constant calculation (Table 3).

The target of proteolytic action of the fibrinogenase
on fibrinogen was found to be the B-chain of the mole-
cule that loses 3.3 £ 0.2 kDa of its weight at the early
stages of hydrolysis (Figure 4) already, while the
a-chain begins degradation after 40 minutes of incuba-
tion losing 9 kDa. Further hydrolysis results in more
profound degradation.

To evaluate Michaelis constant we analysed the serie
of electrophoregrams with densitometry soft Totallab
TL100. Evaluated Michaelis constants for g-chain is
8.3 uM.

To localize the initial sites of g-chains cleavage we
compared the abilities of fibrinogenase to hydrolyze
fibrinogen, fibrin DD-fragment, fibrinogen E,- and
D-fragments [18]. Studied fragments are representing
different sequences of fibrinogen. D and DD - distal
C-terminal parts of molecule, E,-fragment — central N
terminal parts, except of Aa 1-17 Bf 1-54 sequences
[19]. The concentration of fibrinogenase was enough for
profound Bg-chain and initial a-chain degradation. Hy-
drolysis was not observed for all fragments (Figures 5(a),
(b) and (c)) but was evident for fibrinogen (Figure 5(d)).
Thus we concluded that target of initial fibrinogen pro-
teolysis by fibrinogenase is contained in N-terminal part
of fibrinogen Bg-chain.

4. DISCUSSION

We purified a new fibrinogenase of the E. multisquamatis
venom by the two-step chromatographical protocol. It is
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Table 1. Amino acid composition of fibrinogenase from the venom of Echis multisquamatis compared with that of other

fibrinogenases.

Echis multisquamatis venom

fibrinogenase Bothrops protease A [16] Shedaeonase [6] Afaacytin [17]
Lys 12 4.24 7 2.713 13 5.485 24 6.575
His 7 2.66 8 3.101 7 2.954 12 3.288
Arg 11 418 13 5.039 12 5.063 17 4.658
Asx 29 10.48 27 10.47 26 10.97 45 12.33
Thr 18 6.55 15 5.814 15 6.329 nd nd
Ser 19 7.01 18 6.977 17 7.173 28 7.671
Glx 23 6.63 19 7.364 16 6.751 21 5.753
Pro 16 5.88 16 6.202 19 8.017 22 6.027
Gly 29 10.6 25 9.69 19 8.017 33 9.041
Ala 20 7.3 17 6.589 12 5.063 21 5.753
Cys 10 3.55 12 4.651 12 5.063 20 5.479
Val 10 3.77 15 5.814 12 5.063 18 4.932
Met 2 0.69 6 2.326 3 1.266 4 1.096
Ile 20 7.45 20 7.752 16 6.751 28 7.671
Leu 25 9.25 23 8.915 18 7.595 30 8.219
Tyr 14 5.04 5 1.938 6 2.532 12 3.288
Phe 8 2.84 8 3.101 9 3.797 6 1.644
Trp nd nd 4 1.55 5 211 nd nd
Total 273 258 237 365
amount Ratio, % amount Ratio, % amount Ratio, % amount Ratio, %

Table 2. Cinetics of amidase activity of E. multisquamatis
venom fibrinogenase.

Substrate Sequence Km, mM
S2302 H-D-Pro-Phe-Arg-pNa 0.016
S2765 N-a-Cho-D-Arg-Gly-Arg-pNa 0.026
S236 Pyro-Glu-Pro-Arg-pNa 0.124
S2238 H-D-Phe-Pip-Arg-pNa 0.095
S2251 H-D-Val-Leu-Lys-pNa 0.231

Table 3. The influence of some inhibitors on amidase activity
of E. multisquamatis venom fibrinogenase.

Figure 4. Electrophoregram of fibrinogen hydrolyzed by

fibrinogenase from the venom of E.multisquamatis. Fg —

inhibitor inhibition Ki, mM
EDTA - -
PCMB - -
PMSF + 0.841

DFP + 1.958
benzamidine + 1.129

Copyright © 2010 SciRes.

native fibrinogen; Fg’ — early stages hydrolytic product (in-
cubation 7,5 min). Samples were prepared in the presence of
0.2% f-mercaptoethanol. M — molecular weight markers.
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M * * %k M * * %k

@ (b)

M * * % M * * %

(©) (d)

Figure 5. Electrophoregram of fibrinogen E,-fragment (a), D-fragment (b), fibrin DD-fragment (c) and fibrinogen (d) treated by
fibrinogenase. * - before treatment, ** - after treatment. Samples D were prepared in the presence of 0,2% B-mercaptoethanol.

N-terminal specific serine g-fibrinogenase with molecu-
lar weight of 35 + 1 kDa. It has amidase activity of a
wide range and no fibrinolytic one (data not shown).

The course of fibrinogenolysis suggests its possible
usefulness in limited proteolysis fibrinogen study. The
limited proteolysis technique gives information about
structure, conformation and irregular sections of proteins
consistent with spectroscopic data. It also may be appli-
cable to obtain fragments of proteins that would preserve
to an extent both tertial structure and functional active
sites of the native molecules [20-22].

According to the dynamics of hydrolysis, one can as-
sume that fibrinogenolysis leads to conformational
changes in the molecule which in turn reveal sites of
further degradation [23]. The structure-functional prop-
erties of truncated fibrinogen are of interest for studies
of fibrin polymerization and of all types protein-protein
and protein- blood cells interaction concerning fi-
brin(ogen). The partly degraded form of fibrinogen can
be a useful tool for study of fibrinogen structure and
functions [24].

The properties of the fibrinogenase from the venom of
E. multisquamatis suggest that it should reasonably be
studied as a potential fibrinogen-depleting agent [25].
Hyperfibrinogenemia is known to be not only a symp-
tom but also a cause of thrombotic complications in case
of inflammatory processes and cardiovascular diseases
[26]. Fibrinogen depletion through hydrolysis by a fi-
brinogenase may be promising for intravascular coagu-
lation prevention [27].

It is known that serine fibrinogenases have no hemor-
rhagic activity, do not influence protein C and fibri-
nolytic systems and do not hydrolyze PAR-receptors. It
is therefore possible that they can provide fibrinogen
depletion without at least the known side effects [11].

A new fibrinogenase was characterized and peculiari-
ties of its functional activity determined. The obtained

Copyright © 2010 SciRes.

results encourage further investigations that may con-
tribute both to science and medicine.
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ABSTRACT

Spermiogenesis is a dynamic process which includes
organelle reorganization and new structure forma-
tion. The morphology and distribution of the mito-
chondria in germ cells change to accommodate the
cellular requirement. Multiple molecular motors and
related proteins participate in carrying and anchor-
ing mitochondria to the midpiece during spermio-
genesis and this process is regulated precisely. Ener-
getic metabolism provides energy for cellular activity
and influences sperm survival and motility directly.
Ubiquitination of mitochondria takes place during
spermiogenesis, which has been implicated in sperm
quality control and mitochondrial inheritance. In
light of the essential roles of mitochondria in energy
production, calcium homeostasis and apoptosis, mi-
tochondria dysfunction cause severe human diseases,
such as male infertility. The present study paves a
way for a more detailed exploration of the biology of
mitochondria during spermiogenesis.

Keywords: Spermiogenesis; Mitochondria; Molecular
Motors; Sperm Motility; Ubiquitination; Infertility

1. INTRODUCTION

Spermiogenesis is the last phase of spermatogenesis,
where spherical spermatids differentiate into elongated
spermatozoa in mammals [1,2]. Dynamic and pro-
nounced changes occur in the process of spermiogenesis,
including the formation of a condensed and elongated
nucleus in the head, a well shaped acrosome flattened
along the large portion of the nucleus, as well as a long
flagellum. The flagellum is composed of cytoskeletal
components and mitochondria provide the motors for
sperm motility.

Mitochondria have a significant role in energy pro-
duction, calcium homeostasis and apoptosis. Both sperm

*Grant sponsor: National Natural Science Foundation of China, Grant
number: No. 30671606 and 40776079; National Basic Research Pro-
gram of China (973 Program), Grant number: No 2007CB948104.

biosynthesis and motility require ATP. Recent findings
indicate that two metabolic pathways are providing ATP
for normal sperm function: oxidative phosphorylation in
the midpiece and glycolysis in the principal piece [3-7].
Mitochondria are dynamic both in their morphological
transitions and distribution. Several kinds of molecular
motors have been indentified to be responsible for
transporting mitochondria, including microtubule-depen-
dent kinesins and dyneins, and microfilament-dependent
myosins [8-14]. Several related proteins also function in
transporting and docking of mitochondria [15]. Mito-
chondria provide maternal inheritance, and ubiquitina-
tion of mitochondria takes place to facilitate their deg-
radation after fertilization [15]. Due to the indispensable
role of mitochondria during fertilization, defect of sperm
mitochondria or associated proteins can lead to male
infertility.

In this review we mainly focus on the morphology
and distribution of mitochondria, as well as the func-
tions of this organelle during spermiogenesis. Further-
more, based on the transporting mechanisms within
somatic cells, we attempt to define how mitochondria
migrate to the midpiece, and to describe some related
proteins that have been revealed in the mitochondria
anchoring in the midpiece. Then, we review briefly
about two energetic metabolisms that provide ATP for
sperm motility, the ubiquitin modification during sper-
miogenesis, and finally talk about some mitochon-
dria-related male infertility.

2. DISTRIBUTION AND
MORPHOLOGICAL CHANGES
OF MITOCHONDRIA DURING
SPERMIOGENESIS

Spermiogenesis is a complicated morphogenesis occur-
ring in the seminiferous epithelium of the testis during
which the haploid spermatid is transformed into the
finely shaped spermatozoon. Spermiogenesis has been
divided into four phases in mammals: Golgi phase, cap
phase, acrosome phase and maturation phase [1,16-19].
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The different stages show their own features. At the
early stages of spermiogenesis (Golgi and acrosome
phase), the spermatids are round; vesicles originated
from the Golgi apparatus migrate towards the pole
where the pre-acrosomal vesicle locates; the axoneme
emerges from the distal centriole and grows actively.
At the acrosome phase, the nucleus initiates to elongate
and condense, the mitochondria begin to migrate to the
opposite pole of the pre-acrosome. During the matura-
tion phase, the ODFs (outer dense fibers) grow rapidly
outside of the axoneme, the mitochondria begin to
elongate and condense to form the mitochondrial
sheath; at the same time, the acrosome is well devel-
oped, the spermatids discard most of the cytoplasm
defined as the residual body to become mature sper-
matozoa.

The flagellum of the mammalian spermatozoon con-
sists of four distinct regions: the connecting piece, the
mid piece, the principal piece, and the short end piece. In
the central part of the mid piece, the axoneme is com-
posed of a “9 + 2” array of microtubules, nine ODFs
surround the axoneme, and mitochondria are positioned
in four helices along the ODFs [19-21]. The axoneme
and seven ODFs surrounded by the fibrous sheath des-
ignate as the principal piece, while the end piece only
includes the axoneme. During spermiogenesis, the mi-
tochondria undergo dramatic changes both in morphol-
ogy and location. In rat, the normal mitochondria with
lamellar cristae are oval in shape. We observed the main
events that happened during spermiogenesis in rat which
supported the conclusion by De Martino et al. (1979)
[22]. Our data show that, during the Golgi phase, cap
phase and the early acrosome phase of spermiogenesis,
the small, round or oval condensed mitochondria are
distributed at the cell periphery, with its inner space flat-
tened (Figures 1 and 2). The number of the mitochon-
dria increases considerably. Therefore, the mitochondria
are efficient to produce sufficient energy for exchanging
metabolites between the adjacent Sertoli cells and sper-
matids or between the nucleus and the cytoplasm. The
mitochondria exhibit convoluted cristae at the late acro-
some phase and early maturation phase. We found that
part of them move to the flagellum, whereas the remain-
ing start to aggregate (Figure 3). These aggregated mi-
tochondria are discarded within the residual bodies
which are disposed by phagocytosis through the Sertoli
cells or by autolysis in the mature spermatids [23]. Our
data show that, at the late maturation phase, the mito-
chondria begin to condense and to elongate, and finally
show a crescent shape along the ODFs in the mid piece
(Figures 4 and 5). Mitochondria are supposed to gener-
ate ATP efficiently and rapidly. The length of the mid-
piece is similar in the same species, whereas it is obvi-
ously different among different species [24]. Possibly

Copyright © 2010 SciRes.

Figure 1. Mitochondria distribute at the cell pe-
riphery at the cap phase during rat spermiogene-
sis (black arrows in 1). M mitochondria, AC
acrosome, N nucleus.

Figure 2. The magnification of partial Figure 1.

the whole length of the midpiece is responsible for en-
ergy supply when the fertilization process begins. A re-
cent work by Ho et al. (2007) proposed a new three di-
mensional model to illustrate the mitochondrial ar-
rangement in the mid piece in mouse. Initially, four dex-
tral mitochondrial helices surround the outer dense fibers
at stage 1. Subsequently, two mitochondria of the op-
posing arrays form circular structures at stage 2. Then,
staggered mitochondria form the sinistral double helix at
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Figure 3. Part of mitochondria has been trans-
ported to the midpiece at the maturation phase.

stage 3. At the last stage, the crescent-shaped mitochon-
dria transform to a rod-shaped form [25]. These observa-
tions provoke the question how the number, morphology
and distribution of the mitochondria are controlled dur-
ing spermatid differentiation.

Ultrastructure of the spermatozoa displays special
features to adapt to the particular environment where
fertilization takes place. In marine and freshwater ani-
mals, the spermatozoa morphology is different from
mammals, exemplified by mollusk and fish.

Most of the marine bivalve mollusk spermatozoa are
aquasperm, with a slightly curved or round or short-
rodnucleus, a kind of species special acrosome (usually
of conical shape), the midpiece consisting of one to six
spherical mitochondria (four to five generally, such as
Scapharca broughtoni, Figures 6 and 7) arranged in a
circle that are surrounding a pair of centriole or a single
large mitochondrion derived from fusion of several mi-
tochondria, and a classical “9 + 2” flagellum [24,26-31].
Some cephalopod spermatozoa have a characteristic

Copyright © 2010 SciRes.

Figure 4. The mature spermatozoon of rat
through head and midpiece.
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Figure 6. Typical spermatozoon of Scapharca
broughtoni, two mitochondria visible.

acrosome with periodic and conical bands, and the mi-
tochondrial number ranges from 9 to 11 in the midpiece,
exemplified by Octopus tankahkeei [32-35] (Figures 8
and 9). Some kinds of teleostean spermatozoa belong to
the aquasperm. Taking bony fish of the Perciformes as
an example, their spermatozoa have a round head with
a spherical nucleus, showing no acrosome, but a short
midpiece with a cytoplasmic channel, and a flagellum-
with typical axonemes [29,36,37]. Gusmao-Pompiani et
al. (2005) found that in the marine teleost family Sciae-

Copyright © 2010 SciRes.

Figure 7. Cross section of midpiece in sper-
matozoon of Scapharca broughtoni, five mito-
chondria visible.

Figure 8. Joint between the midpiece and prin-
cipal piece of the spermatozoon in Octopus
tankahkeei.

nidae, there are less than ten spherical or elongate mito-
chondria which are located close to the nucleus and are
arranged in one or two layers at the basal part of the mid
piece [37]. Some exceptions exist in the Polynemidae,
which are characterized by an arched nucleus sur-
rounded by a large ring of mitochondria with a “C”
shape in cross section [37]. The number of mitochondria
in the midpiece in mollusks and teleostei is less promi-
nent than in mammals.

Gage (1998) demonstrated that the flagellum length and
the head length show a positive association with the mid
piece length, these components may have co-evolved to
provide effective fertilization [38]. The sperm swimming
speed shows a positive ratio with sperm length, males
with high sperm motility have higher fertilization suc-
cess in mammals [39]. Mollusk and teleost employ ex-
ternal or internal fertilization. Sperm competition in the
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Figure 9. Cross section of the spermatozoon at
the midpiece of the tail, showing 9 mitochon-
dria.

course of external fertilization is mainly provided throu-
gh the sperm number. Sperm longevity is negatively
related to sperm length. Mean sperm length is shorter in
free spawners compared to teleost with internal fertiliza-
tion [40].

Sperm ultrastructure also reflects an adaption of the
fertilization pattern to the environment. The flagellum
becomes a longer mid piece containing a higher number
of mitochondria and a fibrous sheath as an adaptation to
internal fertilization. Such structural differences will
enhance sperm motility which is necessary for success-
ful fertilization.

3. THE TRANSPORT OF
MITOCHONDRIA

The interaction between mitochondria and the cy-
toskeleton is essential for mitochondrial movement
within cells. It was demonstrated that mitochondria
move along the cytoskeleton depending on various mo-
lecular motors [12]. Different motors associate with mi-
tochondria by docking intermediates such as adaptor
proteins. Microtubule-dependent motors and actin-
dependent motors are responsible for mitochondrial
movement and docking. The head domain of two kinds
of motors consists of a track binding site and an ATP
catalytic site, on the other hand, the tail domain is re-
sponsible for recognizing and binding to diverse cargoes.

The microtubules show polarity within cells, with the
minus end pointing to the centrosome and the plus end
pointing to the cell periphery. Mitochondria move along
the microtubule in a bidirectional manner, they usually
stop and change directions under regulation to satisfy the
cell metabolism. Kinesins and dyneins are microtubule
dependent motors. The kinesin superfamily includes three
classes of kinesins: N-terminus (KIN-N), C-terminus
(KIN-C) and M-terminus (KIN-M). KIN-N moves to-

Copyright © 2010 SciRes.

ward the plus end of the microtubules and is responsible
for anterograde transport in axons, whereas the cyto-
plasmic dyneins and KIN-C move to the minus end and
are in charge of retrograde transport [41,42]. KIF1B and
KIF5B belonging to KIN-N have been proposed to be
involved in mitochondrial anterograde transport in axons
[11]. KIF1B belonging to the kinesin 3 family is a
monomeric motor participating in mitochondrial trans-
port [10]. KBP (KIF1 binding protein) can regulate mi-
tochondrial movement by increasing the motility of
KIF1Ba by a mechanism that remains unknown as yet,
which is clear that it does not serve as an adaptor [43].
Mitochondria aggregate around the nucleus when kif5B
(a member of kinesin-1) is knocked out, which impli-
cates that kif5B takes part in anterograde transport [9].
Various adaptors have been indentified in coupling
kinesins to mitochondria, including the kinesin light
chain (KLC), miro and milton complex, syntabulin, AP-
LIP1, Miro and Grif-1 complex [44-48]. Different KLC
isoforms target kinesins to different cargoes, and one
type of KLC functions as an adaptor between mitochon-
dria and kinesin-1 [44]. However, it was recently sug-
gested that KLC is not necessary for kinesin-1 to trans-
port mitochondria when miro-milton complexes are pre-
sent in cultured cells [47]. It is therefore possible that
KLC and miro-milton function together to transport mi-
tochondria, each can substitute another when it is defec-
tive in a functional compensation mechanism. Miro an-
chors the mitochondria outer membrane by its tail do-
main, recruiting kinesin to form a functional complex in
an indirect or direct manner. Glater et al. (2006) found
that miro and milton form a complex linking mitochon-
dria to kineisn-1 in Drosophila. In addition, milton also
has a role in regulating the transport through diverse
splicing patterns, by providing various modifications or
by changing the state of miro [47]. In mammalian neu-
rons, miro associates with Grif-1 to mediate mitochondrial
motility in a signaling dependent way [48]. There are
other findings in support of this. Miro contains GTP and
Ca?* binding domains and it functions as a linker. Miro
also serves as a signal integrator and Ca”* sensor, which
has a role inregulating mitochondrial shape and transpor-
tation through interaction with cell signal transduction
[49-51]. On the other hand, miro can bind kinesin inde-
pendently [50]. Moreover, miro can prolong the process of
kinesin and dynein on microtubules, by which it facilitates
the mitochondria anterograde and retrograde transport
[51]. Syntabulin, a membrane associated protein, acts as a
kinesin-1 adaptor involved in mitochondria transport in
mammalian neurons [45]. Whether syntabulin targets to
mitochondria membranes directly or through other pro-
teins requires further research. APLIP1, a kind of c-Jun
N-terminal kinase (JNK) interacting protein (JIP1), has
been demonstrated to affect both kinesin and dynein based
mitochondria transport, maybe acting as both kinesin and
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dynein linkers [46]. JNK signaling pathway possibly in-
fluences mitochondria transport by dissociating kinesin
and APLIP1 or other related proteins [52].

Whether these different kinds of kinesin-adaptors
work collectively to transport mitochondria, or in an
individual manner by responding to different signaling
pathways remain to be studied. The same holds for the
molecular mechanisms that regulate motors to perform
their action in the right sequence and the right place.

The main molecular motor responsible for minus-end
transport along the microtubule is cytoplasmic dynein. It
is involved in retrograde mitochondrial movement in
axons. Dynein and dynactin form a complex to facilitate
mitochondria transport [8]. In addition to control the
distribution of mitochondria, dynein/dynactin complex
also influence the Drp 1 recruitment to mitochondria. It
takes part in the maintenance of normal mitochondrial
morphology [53]. When Arpl (a subunit of dynactin) is
silent in Drosophila axons, the level of the kinesin heavy
chain associating with the mitochondria is reduced
which impair the anterograde and retrograde movement
severely [54]. Conspicuously, similar to miro, dynactin
has a role in coordinating bi-directional transport. How-
ever, the mechanism of dynactin function is not well
understood. More interestingly, the retrograde move-

ment of mitochondria is limited with kinesin-1 inhibition.

Further experiments demonstrate that kinesin-1, dynein
and dynactin form a complex to associate with the mi-
tochondria [55]. There is also evidence that KIF5 inter-
acts with dynein directly and specifically with KLCs. It
also interacts with the dynein intermediate chain [56].
Based on these observations, it is speculated that KIF5
and dynein may serve as each other’s cargo. Another
possibility is that kinesin and dynein may form a com-
plex to coordinate the bi-directional transport. It is still
unknown whether they function independently to facili-
tate the transport in two opposite direction, or there exist
other mechanisms to regulate the transport along the
microtubules.

The activity of many proteins can be regulated by
phosphorylation and dephosphorylation through protein
kinases. Some signal pathways have been involved in
mitochondria movement. Kinesins can bind to cargoes
through kinesin light chains (KLC). KLC are hyper-
phosphorylated in the TNF signal pathway, then the
phosphorylated KLC represses the activation of kinesin
and leads to clusters of mitochondria around the nucleus
[57]. NGF and PI3-kinase pathways also influence the
mitochondrial distribution. NGF serves as a stop signal
in neurons [58]. When the axons are stimulated by NGF,
only the mitochondria begin to aggregate at the stimu-
lated place [58]. Further experiments demonstrated that
this process is regulated through PI 3-kinase by affecting
the membrane receptors, a NGF downstream pathway
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[59]. The JNK pathway has been demonstrated to influ-
ence mitochondrial transport by segregating the linkers
and the cargoes [46,52].

However, whether different kinesin motors are walk-
ing in the same direction and binding to the cargoes si-
multaneously? What is the molecular mechanism to
regulate the motors activities preciously? All these re-
main to be studied further.

While cargoes make long range transport on micro-
tubules, actin filaments and myosins are responsible for
short range transport within cells. Myosins are ac-
tin-based molecular motors, which are fundamental in
cellular transport. Their motor domain is responsible for
actin binding, and the tail domain for cargo binding. In
budding yeast, myo2, a member of the myosin V family,
plays a major role in mitochondrial maotility and mor-
phology, the transporting and docking of mitochondria
on the actin filaments without myo2 are abolished [13].
Yptllp, a small rab GTPase, may serve as an adaptor for
myo2 to bind to mitochondrial membranes [60]. Re-
cently, a novel class myosin, myol19 has been proposed
to associate with mitochondria in human [14]. It is the
first myosin discovered to be involved in the transporta-
tion of mitochondria in vertebrate cells. Further charac-
terization of more myosin candidates and linking pro-
teins may help us to understand mitochondria transport
on the microfilaments. Considering all these results, it is
reasonable to assume that molecular motors work to-
gether to dispatch the mitochondria in a way that their
function can optimally be performed. We propose a
model for mitochondria transport in somatic cells based
on the available evidence (Figure 10). Several aspects
need to get refined. These include the interaction and
regulatory mechanism among multiple adaptors, mo-
lecular motors and the mitochondria. How various mo-
tors coordinate to facilitate the transport, and how the
motors are transported to the location where they be-
come functional remain unknown.

3. TRANSPORT AND ANCHORING OF
MITOCHONDRIA DURING
SPERMIOGENESIS

Similar to somatic cells, mitochondria transport during
spermiogenesis has not been investigated in detail. How
the mitochondria are delivered to the developing sperm
tail is not clear as yet. Intramanchette transport (IMT)
and intraflagellar transport (IFT) are involved in the
sperm head and tail development, both of which are re-
lated to molecular motors associating with cargoes that
are walking along the cystoskeletal elements [61]. The
manchette, a transient structure, appears when the nucleus
begins to elongate and disappears when the spermatid is
well formed. IMT consists of both microtubule based and
F-actin based transport. Kinesin Il, dynein, myosin
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KLC Miro Linkage
Milton  complexes

Dynein

Figure 10. Diagrammatic representation of mitochondrial tran-
sport along the cystoskeletal elements in mammalian somatic
cells. Motor proteins target mitochondria through special link-
age complex. For instance, KIF5B associated mitochondria by
KLC, Miro and Grif-1; Dynein and Dynactin form a complex
to carry mitochondria. Myosin V and Myosin XIX transport
mitochondria walk along the F-actin.

Va have been indentified to localize on the manchette,
kinesin 1l is also involved in intraflagellar transport
[62-66]. Further evidence supports that motors cooperate
to facilitate intraflagellar transport in Caenorhabditis
elegans [67,68]. IMT and IFT deliver materials for the
tail development during spermiogenesis, thus, it is plau-
sible to speculate that mitochondria migrate to the mid-
piece by IMT and IFT (Figure 11).

Some proteins take part in mediating mitochondria
morphology and their localization has been uncovered.
Nectin-2, Spergen-1 and KLC are three identified pro-
teins that associate mitochondria to ODFs [69,70].
Nectin-2, a kind of cell adhesion molecule, localizes in
the middle piece in mature spermatozoa. In nectin-2 de-
pleted mice, the mitochondria exhibit abnormal distribu-
tion: some spermatozoa have disorganized mitochondrial
sheaths, and some mitochondria dislocalize on the head
[69]. Spergen-1 is only expressed in late spermiogenesis
from the elongating spermatid to the mature spermato-
zoon. It is localized at the mitochondrial surface in the
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Figure 11. Diagrammatic representation about mitochondria
transport at the early maturation phase in rat spermiogenesis.
Kinesins and myosins work together to transport mitochondria
and other cargoes to the tail through IMT and IFT.

mitochondria in cultured cells, it also contributes to cou-
ple mitochondria to ODFs during spermiogenesis [70-73].
Another spermatid specific protein is Kinesin Light
Chain 3 (KLC3) and it has been found to connect to mi-
tochondria through its TPR domain in the process of
midpiece formation, more interestingly, KLC3 binds to
ODFs using the HR domain in mature spermatozoa
[72,73]. It is therefore possible that it links mitochondria
to ODFs in a microtubule-independent way. Whether
these linker proteins interact with each other or function
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alone at particular time remains to be determined. In
GOPC or PICK1 knock out mice, the mitochondrial
sheath arranges abnormally, which is the main feature of
globozoospermia [74-76]. PICK1 locates at the mito-
chondrial membrane and recruits PKCo implicated in
phosphorylating some proteins [77]. Moreover, the
PICK1/PKCa complex has been demonstrated to be in-
volved in anti-apopotosis by affecting the Bcl2 factor
[78]. In Pick1™ mice, the mitochondrial sheath is ab-
normal, and some mitochondria migrate to the deformed
nucleus, resulting in low sperm motility [76]. However,
the detailed mechanism of PICK1 involved in mito-
chondria sheath formation is unclear. Some observations
revealed that the PKCa signaling pathway may modulate
the activity of motors responsible for mitochondrial
movement and participate in mitochondria mediated
apoptosis of the abnormal sperm. Sertoli cells produce
some paracrine mitochondrial maturation factor (PMMF)
such as activin and follistatin, which regulate the shape
and distribution of mitochondria during spermiogenesis
in a paracrine way [79]. Accordingly, the mitochondrial
membrane in the midpiece contains estrogen receptor
and androgen receptors, indicating that hormones may
influence the mitochondrial motility directly [80].

Further identification and characterization of related
molecular motors and proteins can help us to understand
more about the mechanism of spermiogenesis. Sperm
cell culture and spermatogenic stem cell induction are
the limiting factors, but these seem to be effective in
investigating these issues.

4. SPERM MOTILITY AND ENERGETICS

Mammalian sperm need to sustain motility to reach
and fertilize the egg. Mitochondrial aerobic respiration
and glycolysis are two metabolic pathways to generate
ATP for sperm movement and protein phosphorylation
in sperm. Some evidence supports the notion that mito-
chondria are the only energy source for sperm motility.
In mammal sperm, the overall mitochondrial volume
shows a positive correlation with the flagellum length,
hence, sperm motility is highly dependent on the number
and size of mitochondria [4,81]. The sperm even keep
their motility when the media contain no glucose or the
metabolic pathway of glycolysis is inhibited [7]. The
ATP being produced by mitochondria diffuse to the dis-
tal end to meet the high energy demand through shuttle
mechanisms such as mediated by creatine kinase, ade-
nylate kinase and phosphoglycerate kinase shuttles [5,
82]. However, different species may use different
mechanism to deliver ATP produced by oxidative phos-
phorylation to the distal sperm tail.

Conversely, Malo et al. (2006) found that the longer
the midpiece is, the slower the sperm moves; sperm mo-
tility also positively correlates with the head length and
the length of the remaining tail [83]. Other mechanisms

Copyright © 2010 SciRes.

are possible to provide energy for sperm motility. Many
observations reveal multiple glycolytic enzymes local-
ized in the sperm fibrous sheath. Glycolysis contributes
largely to sperm motility. In addition, glycolysis is suffi-
cient to maintain sperm motility when oxidative phos-
phorylation is inhibited [5,6]. A newly developed tech-
nology combining laser and microscopic systems pro-
vides a useful tool to study the relation between sperm
motility and energy metabolism [84]. With this tool,
Nascimento et al. (2008) discovered that glycolysis pro-
vides more ATP molecules than oxidative phosphoryla-
tion to maintain sperm motility in mammals [85]. The
Ca’* pathway and cAMP/PKA pathway are two impor-
tant ways of signal transduction involved in sperm mo-
tility control [86-88]. Some other proteins such as prote-
ase activated receptor 2, the epidermal growth factor
receptor, and pathways including the PI13-K cascade me-
diate sperm motility [89,90].

Both mitochondrial respiration and glycolysis provide
energy during spermiogenesis. Whether these two path-
ways are stage specific, or might compensation each
other remains unclear. It also remains open for future
studies to what extent the two pathways are required in
different species.

5. UBIQUITINATION OF SPERM
MITOCHONDRIA

Ubiquitination, a significant post-translated modification,
has multiple biological effects, involved in protein deg-
radation, endocytosis and signaling, activation of tran-
scriptional factors, cell cycle, cell differentiation, im-
mune responses and others [91-94]. In this process,
ubiquitin or ubiquitin-like proteins target the substrate
through different modifications, such as by different
numbers of ubiquitin conjugated, and by various types of
linkers among ubiquitins. For instance, monoubiquitin
usually results in the target degradation by proteosome
or lysosomes.

Mitochondria are ubiquitinated during spermiogenesis.
The defective mitochondria will be degraded after
ubiquination. In normal mitochondria in the midpiece,
cross-linking disulfide bonds cover the ubiquitin tag so
as not to be proteolyzed until fertilization, which appears
to be a mechanism to maintain the mitochondrial mater-
nal inheritance [15]. Prohibitin is a constitutive protein
localized on the mitochondrial membrane in the mid-
piece, which serves as an ubiquitinated substrate and
determines the mitochondrial destination [95]. Defective
sperm exhibit high level ubiquitination of mitochondria,
they are discarded during spermiogenesis or in the
epididymis. Ubiquitination of sperm mitochondria is
useful in indentifying sperm quality and act as a criterion
for infertility diagnosis. Deep and extensive studies on
sperm mitochondria ubiquitination process will provide
us with a better understanding of the molecular mecha-

ABB



X. Sun et al. / Advances in Bioscience and Biotechnology 1 (2010) 97-109 105

nisms involved, as well as develop more feasible strate-
gies and drugs in clinical trials.

6. MITOCHONDRIA IN MALE
INFERTILITY

Defects in mitochondrial transport processes, ion chan-
nels and metabolic pathways cause various diseases,
such as Parkinson’s and Alzheimer’s disease. Astheno-
zoospermia defined by low sperm motility and oli-
gospermia characterized by reduced sperm number are
two main causes for male infertility. The mitochondrial
sheath dysfunction is the main cause for asthenozoo-
spermia [96].

Mitochondria produce ATP for sperm survival and fer-
tilization. Defective mitochondria cause low sperm mo-
tility [97]. Mitochondrial DNA mutations also affect
sperm motility [98]. Both point mutation and fragment
deletions may lead to abnormal mitochondrial structure
and function, which in turn may cause male infertility
[97-101]. Quantitative conventional PCR and mutant
mice models are useful in the identification of genes
related to male infertility [75,102,103]. Mitochondria are
a major source of reactive oxygen species (ROS) gen-
eration, leading to apoptosis, and excessive ROS is a
cause of male infertility. Antioxidant compounds are
beneficial to improve fertility, and may serve as preven-
tive drugs [104]. From this point of view, we may em-
ploy genetic therapy that combined with other therapeu-
ticas to cure diseases at their place of origin in the future.

Some chemical compounds are toxic to mitochondria
and interfere with male fertility. An environmental con-
taminant, TCCD, induces oxidative stress, with the con-
sequence of reduced male fertility [105]. Parabens, a
kind of food preservatives, may affect mitochondrial
respiration and apoptosis that is mediated by mitochon-
dria [106]. Toxicity to mitochondria in testes may serve
as a criterion for the estimation of chemical side effects
in the future.

7. CONCLUSIONS AND PERSPECTIVE

Mitochondria have effects on cell metabolism, cell sig-
naling and apoptosis. Considering this, the intracellular
localization of mitochondria is a critical factor. Under
related cell signal transduction and regulatory mecha-
nisms, some molecular motors transport the mitochon-
dria from the cell periphery to the midpiece, and then
form the mitochondrial sheath consisting of four mito-
chondria helices in mammals. Comparing numbers, mi-
tochondria are much less in molluscs and teleosts than in
mammals, which imply an adaption to the internal fer-
tilization. Energy for sperm motility is provided by dif-
ferent mechanisms in the different parts of the sper-
matozoon. Whereas oxidative phosphorylation takes
place within mitochondria that are located in the mid-
piece, glycolysis takes place along the principal piece.
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Ubiquitination assumes the responsibility for sperm
quality control and maternal inheritance. To a great ex-
tend is male infertility caused by defective sperm and
low sperm motility.

Since mitochondria more and more turned out to be
relevant for human health, research on mitochondria
deserves increased attention. Dynamics of mitochondrial
structure, motility and function during spermiogenesis
have become an exciting field of research. What kinds of
molecular motors are involved, how these are coordi-
nated to transport mitochondria, how oxidative phos-
phorylation and glycolysis are regulated, and the under-
lying ubiquitination mechanisms requires to be clarified.
The same holds for mitochondria related pathogenic
mechanisms in human diseases. Investigating these is-
sues provide an intriguing approach to future studies,
particularly at the molecular level.
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ABSTRACT

Aims: To investigate the changes in the protein com-
position of agueous humour in primary open angle
glaucoma patients and non-glaucomatous subjects.
Patients and Methods: Case control study was con-
ducted at a university hospital to compare the protein
profile of agueous humour obtained from patients of
primary open angle glaucoma with those of non-
glaucomatous subjects. Protein concentration of the
aqueous humour samples collected from both glau-
comatous and non-glaucomatous patients at the time
of surgery was estimated by the Bradford protein
assay method. Sodium dodecylsulfate polyacrylamide
gel electrophoresis of the samples was also performed.
Results: Geometric mean of protein concentration of
the samples was 55.73 mg/dl (range: 31-72) in the test
group and 46.46 mg/dl (range: 27-65) in the control
group and a statistically significant (p <= 0.001) dif-
ference in protein concentration of aqueous humour
between the two groups was observed. Electropho-
retic study revealed differences in the aqueous pro-
tein composition of the two groups. The glaucoma-
tous group exhibited protein bands of 10 kDa, 20 kDa,
30 kDa, 50 kDa, 60 kDa, 70 kDa, and 90 kDa while
the control subjects demonstrated bands of 6 kDa, 10
kDa, 30 kDa, 70 kDa, 90 kDa. Interestingly, almost all
the proteins detected in this study corresponded to
the molecular weights of heat shock proteins. Con-
clusions: Primary open angle glaucoma patients dif-
fered in protein compositions and had higher con-
centration of aqueous humour proteins than non-
glaucomatous patients.

Keywords: Aqueous Humour; Open Angle Glaucoma;
Proteins

1. INTRODUCTION

Adult-onset primary open-angle glaucoma (POAG) is
the most common form of glaucoma, usually manifest-

ing itself after the age of 40 years. The prevalence of
POAG is about 1-2% over age 40 years in white popula-
tions and 3-4 times greater in black populations of the
same age [1]. Recent projections estimate that world-
wide, 60.5 million people will suffer from some form of
glaucoma by 2010, with primary open angle glaucoma
(POAG) accounting for about 74% of cases [2].

Unfortunately, despite the magnitude of the problem,
the accurate etiopathogenesis of this silent stealer of
sight still remains a mystery. Compared to other forms of
glaucoma, the optic neuropathy of POAG is multifacto-
rial, with IOP, being the most important risk factor [3]. It
is also the only risk factor that is therapeutically modifi-
able.

It is generally believed that like all other forms of
glaucoma, it is ultimately a mechanical blockade of
aqueous outflow that increase I0P of POAG. But the
exact cause or site of this blockade is yet to be definitely
determined. However, a change in the composition of
aqueous humor prevents its smooth outflow. Normally,
aqueous humour has 0.02% protein (20 mg/dl) as com-
pared with 7% reported in plasma. In a study, the total
protein concentration in primary open-angle glaucoma
aqueous humour was approximately two times higher
than that in non-glaucomatous subjects [4]. The most
abundant protein identified in agueous humour is albu-
min (50% of all the protein content) and transferrin,
when analysed by high performance gel filtration chro-
matography (HPGFC) [5] or by crossed immune-
electrophoresis [6] or SDS-PAGE [7]. However, bio-
chemical investigation of the aqueous, considering such
aspect in the various forms of open angle glaucoma, has
so far received relatively little attention. Due to lack of
sufficient information on the role of proteins involved in
the pathogenesis of open angle glaucoma (especially
POAG), the present study was undertaken to assess the
changes in the protein composition of aqueous humour
of primary open angle glaucoma and to compare it with
those of non-glaucomatous patients. A better under-
standing of the mechanism of POAG is likely to lead to
more effective treatment of this disease.
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2. PATIENTS AND METHODS

This was a case-control study conducted at a university
hospital of Aligarh Muslim University, India, between
November 2007 to September 2008. An informed writ-
ten consent was obtained from all the chosen patients
following the guidelines of Helsinki Declaration. The
patients were divided into two groups — (Group 1) TEST
group included patients above 50 years old with estab-
lished cases of primary open angle glaucoma undergoing
trabeculectomy due to uncontrolled intraocular pressure
with optimal medical therapy. The diagnostic criteria for
primary open-angle glaucoma were: 1) presence of glau-
comatous optic disc damage 2) corresponding glauco-
matous changes in the visual field 3) open angle of ante-
rior chamber 4) absence of alternative causes of optic
neuropathy (e.g., infection, inflammation, meningeal dis-
ease, ischemic disease, and compressive lesions) and 5)
no features of secondary glaucomas. Group Il (Control
group) included, age matched patients of senile cataract,
without any evidence of glaucoma, undergoing cataract
surgery. The following criteria were used for exclusion
for both groups: 1) evidence of ocular surgery including
laser within 6 months 2) evidence of intraocular inflame-
mation 3) complicated cataract 4) history of uveitis 5)
history of ocular trauma and 6) diabetic retinopathy.

2.1. Sample Collection

Agueous humour samples were collected at the begin-
ning of the surgery, before entering the anterior chamber.
A 0.1ml aqueous humour fluid was removed from the
anterior chamber under sterile conditions using a tuber-
culin syringe and stored in microtubes at —20°C until
analysis. All surgical procedures were performed by ex-
perienced ophthalmic surgeons. The protein contents in
the aqueous humor were estimated following the method
of Bradford [8]. The molecular weight of proteins in
aqueous humour of the test and control samples were
analyzed by sodium dodecylsulfate polyacrylamide gel
electrophoresis (SDS-PAGE ).

3. RESULTS

The geometric mean of total protein concentration of the
aqueous humor samples was 55.73 mg/dl (ranging from
31 to72 mg/dl) in the POAG group and 46.46 mg/dI
(ranging from 27 to 65 mg/dl) in the control group. The
difference in the protein contents of the two groups was
statistically significant (p < 0.001). Furthermore, a re-
markable difference in the electrophoretic patterns of the
protein in aqueous humour of the two groups was ob-
served when analysed by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE). Seven well
defined protein bands of molecular weight 10 kDa, 20
kDa, 30 kDa, 50 kDa, 60 kDa, 70 kDa, 90 kDa were

Copyright © 2010 SciRes.

detected in the POAG group (Figure 1). In contrast, the
control group exhibited fewer protein bands whose mo-
lecular weights were 10 kDa, 30 kDa, 70 kDa, 90 kDa.
Thus, in this study, the 20 kDa, 50 kDa and 60 kDa pro-
teins were detected only in the samples collected from
the patients suffering from POAG. The 70 kDa protein

M P7 P8 P9 P10 P11 P12

M P13 P14 P15 P16 P17 P18

Figure 1. SDS-PAGE of protein lysates in aqueous humour of
POAG group. Lanes P1 to P18 represents patient samples
while lane M represents standard molecular weight marker.
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though detected in both the groups, it exhibited a sup-
pressed expression on gel in the controls relative to the
POAG group. Among the POAG group samples, 24 had
a higher magnitude expression while two showed only
appreciable magnitude expression. On the contrary, pro-
teins of varying molecular weight between 71-90 kDa
were over expressed and densely stained in controls and,
hence, finer resolution into separate molecular weights
was not possible.

Another interesting observation of this study was the
expression of a 60 kDa protein in agueous humour sam-
ples of POAG patients which was not detected in control
samples. However, except for two cases, 92.3% of the
total POAG group samples demonstrated a low magni-
tude expression of 60kDa protein. Of the 26 POAG
group samples, 84.6% (22 samples) showed low magni-
tude expression of 50kDa proteins whereas aqueous
humour of controls showed no such protein bands during
SDS-PAGE analysis. Generally, the 30kDa protein, like
the 70 kDa protein, was detected in all samples of both
the POAG and control samples. Of the total 26 POAG
samples, 80.76% (21 samples) displayed low magnitude
expression of 20 kDa protein, but none of the control
samples showed the protein of such molecular weight.
Though, the 10 kDa protein was expressed in the sam-
ples of each group, 60 kDa protein was recorded only in
one control sample.

4. DISCUSSION

Outflow facility is reported to be significantly reduced in
patients with uveitis who have high aquous humour pro-
tein level. Such elevated aqueous humour protein level
in turn, leads to the development of glaucoma by de-
creasing aqueous humour outflow facility [9]. Therefore,
we analyzed and compared the concentration of total
proteins in both glaucomatous and non-glaucomatous
patients. In our SDS-PAGE analysis of the test sample,
we found that not only the total aqueous protein concen-
tration increased in POAG, but also the aqueous protein
composition differs from non-POAG eyes. The differ-
ences in protein concentrations in POAG patients cannot
be attributed to the drug because increase in protein
concentration in aquous humor is reported only in topi-
cal application of timilol and is not reported by other
topical anti-glaucoma drugs. Further, the increase in
protein concentration is not due to increase in protein
production but is due to reduced concentration of aquous
humor. So, this is not likely to alter the chemical compo-
sition of protein in aquous humor [10,11]. Furthermore,
increase in the total concentration of proteins in aqueous
humor after oral administration of 500 mg of acetazola-
mide has also been reported [12]. The effect of this drug
on the protein concentrations of the POAG patients, who
were using it, can be ruled out because two dosage of

Copyright © 2010 SciRes.

acetazolamide is routinely administered as pre-operative
medication before cataract surgery at our centre.

In other study, the PG analogues though induced
MMPs but the molecular weight of protein observed in
our study was smaller than those reported for PG in-
duced proteins in the ciliary body [13]. However, unlike
the findings of Herschler et al. [14] or Lee et al. [15] we
did not record any high molecular proteins in the aque-
ous humor obtained from patients of primary open angle
glaucoma. Interestingly, almost all the proteins detected
in this study had molecular weights corresponding to the
heat shock proteins (Hsp). Synthesis of such heat shock
proteins has been found in vivo and in organ cultures of
several mammalian tissues which were subjected to heat
shock or other forms of stress [16,17]. Heat shock pro-
teins act as protective proteins and aid in maintaining
cellular homeostasis under environmental stress [18-20].
Some of the common stressors include heat shock,
ischemia, oxidative stress, pH extremes, nutrient limita-
tion, osmoatic variation, hypoxia etc. Of the various heat
shock proteins, Hsp 70 is normally produced by the
epithelial cells of the natural lens and retinal ganglion
cells even in unstressed conditions. However, heat shock
proteins can be expressed constitutively or be induced
but its production is reported to be increased by cellular
stress [21]. This may be the reason a 70kDa protein was
though observed in both POAG and control groups, but
it was over expressed in the POAG group only. The 60
kDa protein noticed in 92.3% of the POAG samples was
not found in any of the samples collected from controls
subjects. In similar studies, Tripathi [22] reported a 60
kDa protein in aqueous humor of cataract cases while
serum auto antibodies to Hsp 60 in various open angle
glaucomas, including POAG is also reported [23]. In-
creased expression of Hsp 60 has been observed in retina
and optic nerve head in human donor eyes with glau-
coma[24].

The kDa 50 fraction was the only protein expressed in
the study samples whose molecular weight does not cor-
respond to a heat shock protein. Plasminogen activator
inhibitor1(PAI-1), an approximately 50 kDa, inducible
protein has been reported to be increased in aqueous
humor of open angle glaucoma patients by Dan et al.
[25]. The tPA and uPA, the target enzymes for PAI-1,
were previously detected in the human aqueous humour
[26,27]. Previously itwas roughly estimated that most of
the tPA was complexed with PAI-1, with only a small
free fraction available for proteolysis [27]. Thus, the
equilibrium may normally be shifted, perhaps deli-
cately, toward fibrinolysis and proteolysis, which could
be involved in the maintenance of aqueous outflow. Our
results suggest that this situation may be reversed in pa-
tients with glaucoma owing to the increase in PAI-1 level
in the aqueous humor. However, our study did not spe-
cifically identify this 50kDa fraction. Moreover, none of
the controls exhibited this fraction, a finding which is at
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variance with other studies.

Small heat shock proteins (sHsps) are a large family
of proteins with monomeric molecular weight of 12-43
kDa. Unlike the high molecular weight Hsps, which are
involved in protein folding in vivo, under normal
conditions, sHsps play an important role in protecting
organism from stress. Such small heat shock proteins are
reported to share an evolutionarily conserved sequence
of 80-100 amino acids, located in the C-terminal region,
called the alpha-crystallin [28]. Tamm et al. [20] have
demonstrated that both monkey and human TM cell cul-
tures stressed by heat shock, exhibited a significant in-
crease in alpha B-crystallin mRNA. In this context, it
must be emphasised that the cellular consequences of
heat and ischemia are similar. Albumin, the major aque-
ous humor protein, acts as a escort through the trabe-
cular meshwork in mammalian eyes, and interacts with
alpha-crystallin up to the critical micelle concentration
for alpha-crystallin (3.5-5 mg/ml or 0.18-0.25 mM) as
reported by Doss et al. [29]. There is little in- teraction
at or above this concentration. This binding could serve
the necessary function of preventing interactions be-
tween alpha—crystallin monomers or small aggregates
and hydrophobic surfaces within the trabecular mesh-
work. However, since the interaction between the two
proteins is not very strong, the accumulation of un-
bound monomers/dimers of alpha—crystallin could con-
tribute to the development of primary open angle glau-
coma.

Assuming that the 20 kDa protein detected in POAG
cases in our study is Hsp 20, we would like to take this
hypothesis forward. What we propose is that glaucoma
causes conditions of stress, which results in over expres-
sion of alpha-crystallin by the trabecular meshwork. This
increased production of alpha-crystallin, overwhelms the
capacity of albumin to escort it through the trabecular
meshwork. This results in excess being secreted into the
aqueous humor, and consequent blockade by alpha-
crystallin monomers/dimer. This hypothesis is also in
agreement with the observations of others [30,31]. After
in vitro studies they concluded that the filter blocking
process involves two interacting classes of blocking
components, which when present simultaneously in
aqueous humor, bind hydrophobically to the filtering
surface. Based on these observations, it was suggested
that one of the members could be albumin, the dominant
protein of aqueous humor. Filtration blockage would
also require a second component leading to the synthesis
of 20 kDa protein as observed in our study.

In conclusion, our study revealed that primary open
angle glaucoma patients had higher concentration of
aqueous humor proteins than controls and that the pro-
tein composition of the aqueous humor samples was
different from the normal ones. Furthermore, various
protein bands detected by SDS-PAGE needs to be quali-

Copyright © 2010 SciRes.

fied and to establish that 20 kDa protein is indeed an al-
pha-crystallin. Small molecular weight aqueous humor
proteins and trabecular meshwork immunohistochemis-
try needs further investigation to determine the etiopa-
thogenesis of primary open angle glaucoma. Our study
provides an early marker in this direction.
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ABSTRACT

The production of extra cellular lipase in Solid State
Fermentation (SSF) using Yarrowia lipolytica NCIM
3589 with Palm Kernal cake (Elaeis guineensis) has
been studied. Different parameters such as incuba-
tion time, inoculum level, initial moisture content,
carbon level and nitrogen level of the medium were
optimized. Screening of various process variables has
been accomplished with the help of Plackett-Burman
design. The maximum lipase activity of 18.58 units
per gram of dry fermented substrate (U/gds) was ob-
served with the substrate of Palm Kernal cake in four
days of fermentation.

Keywords: Lipase; Palm Kernal Cake; Optimization;
Plackett-Burman Design; Yarrowia Lipolytica

1. INTRODUCTION

Lipases (triacylglycerol acylhydrolases, EC 3.1.1.3) are
one of the most important classes of industrial enzymes.
They hydrolyse triglycerides into diglycerides, monog-
lycerides, glycerol and fatty acids. In recent years, there
has been an increasing interest in the study of lipases
mainly due to their potential applications as medicines
(digestive enzymes), food additives (flavour modifying
enzymes), clinical reagents (glyceride-hydrolysing en-
zymes) and cleaners (detergent additives) [1]. Addition-
ally, a promising application field for lipases is in the
biodegradation of plastics such as polyhydroxyalka-
noates (PHA) and polycaprolactone (PCL) [2,3]. Lipases
would be economically manufactured in solid state fer-
mentation.

Solid state fermentation (SSF) is defined as the fer-
mentation of solids in the absence of free water; however,

the substrate must possess enough moisture to support
the growth and metabolism of microorganisms. Recently,
several reports have been published indicating the ap-
plication of this culture in upgrading the food and indus-
trial wastes and in the production of fine chemicals and
enzymes. The utilization of by-products and wastes from
food and industrial sources has several advantages over
submerged fermentation such as superior productivity,
simple techniques, reduced energy requirements, low
wastewater output, improved product recovery and the
reduction in production costs [4]. In SSF, any type of
substrate, including industrial wastes, could be used to
enhance the production of enzymes because of their
richness in fatty acids, triacylglycerols and/or sugars.
The use of cheap raw materials would diminish the op-
erating costs of the process. Moreover, total capital in-
vestment for lipase production has been reported to be
significantly lower in solid state fermentation than in
submerged fermentation [5]. Most studies on lipolytic
enzymes production with bacteria, fungi and yeasts have
been performed in submerged fermentation; however,
there are only few reports on lipase synthesis in solid
state fermentation. In recent years, considerable research
has been carried out using agricultural wastes, which are
renewable and abundantly available to produce value-
added products. For example babassu oil cake [6], olive
cake and sugar cane bagasse [7], gingelly oil cake [8],
wheat bran [9], rice bran [10] and Jatropha curcas seed
cake [11] have been used as the substrates for lipase
production.

The global production of palm kernel cake (PKC), a
by-product of oil extraction from the nut of the palm tree,
Elaeis guineensis, is ever increasing due to the tremen-
dous growth of the oil palm industry in many parts of
Asia and Africa [12]. World producers of palm kernel
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include Malayasia, Indonesia, Nigeria, Colombia, India,
and Thailand. In Malaysia alone, about 3 million tonnes
of palm kernel were produced in 2001 producing about
1.4 million tonnes of palm kernel oil together with 1.6
million tonnes of PKC as its byproduct. Palm trees are
widely cultivated in the state of Andhra Pradesh, India.
The low cost and availability of PKC have recently gen-
erated much interest in its potential use in fish diets. In
recent years, the cost of imported feed ingredients used
in commercial aqua feeds in many developing countries
in Asia has continued to rise due to increased global de-
mand and fluctuation in foreign currency exchange. The
rising cost of imported ingredients such as fish meal,
soyabean meal, corn flour and wheat flour greatly cuts
into the profit margins of local fish farmers to such an
extent that many local aquaculture enterprises are no
longer profitable. This is especially true for the culture
of lower-value fish species such as catfish, tilapia and
carps. There is currently a great interest within the ani-
mal feed industry to reduce costs by using locally avail-
able feed ingredients like Palm kernel cake.

The present study aimed at developing appropriate bio-
processes for the utilization of Palm kernel cake. Palm
kernel contains 16% protein, 15% crude fiber, 48% car-
bohydrates and 4% ash. This composition is appropriate
to support good microbial growth and enzyme produc-
tion. Use of Palm kernel cake as a substrate for solid state
fermentation thus appears logical and worth exploring.
SSF has been employed to grow microbes and to pro-
duce extracellular lipase [9,13]. Even though large number
of agricultural/food residues have been worked out as
suitable substrates for SSF [14], there is no report on SSF
of Palm kernel cake so far to the best of our knowledge.

Hence an attempt is made in this paper to utilize the
PKC as a substrate for the production of lipase by solid
state fermentation. It was under taken to optimize the
key process variables, including incubation time, inocu-
lum level, initial moisture content, carbon level, and ni-
trogen level of the medium for the production of lipase
using this oil cake under SSF.

2. MATERIALS AND METHODS
2.1. Substrate

PKC, obtained from a local palm oil distillery (Jeevan
Enterprises) unit of Vizianagaram, India, was used as the
substrate. It was dried at 60°C for 72 h to reduce the
moisture content to around 5%, and ground to the de-
sired size (2 mm).

2.2. Chemical Analysis of PKC

Palm kernel cake is the major byproduct of oil palm
kernel oil extraction. PKC, when powdered, gives meal
or flour. As such there is no significant alteration in the
content of nutrients when the cake is converted to meal
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or flour. Palm kernel meal contains 20% protein which is
the lowest among the oil seed meals. Carbohydrates are
the major constituents of palm kernel meal than most of
the oil seed meals. It is characterized by higher fiber
content. The contents of nitrogen free extract (NFE) and
crude fiber depend on the method of oil extraction from
palm kernel. PKC contains a good amount of minerals:
0.69% phosphorus, 0.42% potassium, 0.29% calcium,
and 0.017% iron [15]. The chemical composition of
PKC was presented in Table 1.

2.3. Microorganism and Growth Conditions

Yarrowia lipolytica NCIM 3589, obtained from National
Chemical Laboratory, Pune, India, was used throughout
the study. The culture was maintained on MGYP slants
having the composition (%): malt extract 0.3, glucose
1.0, yeast extract 0.3, peptone 0.5 and agar agar 2.0. The
pH of the medium was adjusted to 6.4-6.8 and culture
was incubated at 30°C for 48 h. Sub-culturing was car-
ried out once in 2 weeks and the culture was stored at
4°C.

2.4. Inoculum and Media Preparation

The Yarrowia strain was cultivated in a medium con-
taining peptone 5 g, yeast extract 3 g and sodium chlo-
ride 3 g per liter of distilled water. The cells were culti-
vated in this medium at 30°C on a shaker at 200 rpm for
24 h [16]. Ten grams of substrate was weighed into a
250 ml Erlenmeyer flask and to this a supplemental salt
solution was added to the desired moisture level. The
composition of the salt solution was as follows (% w/w):
KH,PO,: 0.1; MgS0O,.7H,0: 0.05; CaCl,: 0.01; NaCl:
0.01; H3BO;: 0.00005; CuSO,.5H,0: 0.000004; KI:
0.00001; FeCl3.4H,0: 0.00002; ZnSO,4.7H,0: 0.00004;
MnSQO,4.H,0: 0.00004 [17]. Out of various compounds
tried, glucose and urea were ultimately selected as car-
bon and nitrogen sources respectively as per the Plack-
ett-Burman design. The contents were thoroughly mixed
and autoclaved at 121°C (15 psi) for 20 min.

2.5. Solid State Fermentation and Extraction of
Lipase

The sterilized substrate along with media as shown in
the above section was inoculated with 2 ml of inoculum.

Table 1. Chemical composition of PKC [17].

Constituents Quantity (Yow/w)
Crude protein 16.1
Ether extract 0.8
Crude fiber 15.2
Ash 4.0
Nitrogen free extract 63
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The contents were mixed thoroughly and incubated in a
slanting position at 30°C. All the experiments were car-
ried out in duplicate and samples were withdrawn after 4
days of incubation. The crude enzyme from the fer-
mented material was recovered by simple extraction
method. For this, the fermented substrate was mixed
thoroughly with 100 ml of distilled water and the con-
tents were agitated for 1 h at the room temperature in a
rotary shaker at 150 rpm. At the end of extraction, the
liquid was filtered off through Whatman No.1 filter pa-
per and the resulting clear filtrate was used for lipase
assay.

2.6. Lipase Assay

Lipase activity was assayed by the colorimetric method
of Winkler and Stuckmann, [18] by measuring the
micromoles of 4-nitrophenol released from 4-nitroph-
enyl palmitate. One unit of lipase activity was defined as
the enzyme amount that releases 1umol of p-nitrophenol
per minute under assay conditions. Enzyme activity was
expressed as units/gram of the initial dry substrate
(Ulgds).

3. EXPERIMENTAL DESIGN AND
OPTIMIZATION

3.1. Plackett-Burman Design

The purpose of this optimization step was to identify
which ingredients of the medium had a significant effect
on lipase activity. The Plackett—-Burman [19] statistical
experimental design is a versatile method for screening
the important variables. The total number of experiments
to be carried out is K + 1, where K is the number of
variables. Each variable is represented at two levels,
high and low denoted by (+) and (=) respectively. The
statistical software package STATISTICA 6.0 (Stat-Ease
Inc., Tulsa, OK, USA) was used for analyzing the ex-
perimental data.

The effect of each variable on lipase activity was cal-
culated by using the following Equation:

ZY i — Y

E ., = 1
(Xi) L/2 ()

where Exj) is the effect of levels of the tested variables,
Y and Yy are the lipase activity from the experimental
runs in which the variables being tested are added to the
medium at their maximum and minimum levels respec-
tively and L is the number of experiments carried out.
When the value of concentration effect (Ex;) of the
tested variable is positive, the influence of the variable is
greater at the high concentration, and when it is negative,
the influence of the variable is greater at the low con-
centration.

Copyright © 2010 SciRes.

4. RESULTS AND DISCUSSION
4.1, Effect of Incubation Time

The incubation time is an important factor for the pro-
duction of extracellular lipase by the microorganisms
[20]. The amount of lipase activity was observed daily
during a period of five days. The maximum lipase activ-
ity was observed on fourth day as shown in Table 2. At
longer incubation periods, the lipase activity decreased
which might be due to the depletion of nutrients, accu-
mulation of toxic end products, and the change in pH of
the medium, or loss of moisture. Several researchers
have reported different incubation periods for optimal
lipase production. Maximum lipase activity was ach-
ieved after 48 h of incubation by Ul-Hag et al., [21] with
Rhizopus oryzae. Cordova et al., [7] reported the maxi-
mum lipase activity by R.pullis after 24 h of incubation
using the mixture of olive oil cake and sugar cane ba-
gasse as substrate. In another study, the maximum lipase
activity by Aspergillus niger occurred after 5 days of in-
cubation [9]. Benjamin and Pandey, [22] obtained max-
imum production of lipase by Candida rugosa after 3
days of incubation.

4.2. Effect of Inoculum Level

Different levels of the inoculum were tried to study
their effect on lipase activity (Figure 1) so as to find an

Table 2. Effect of incubation time on lipase activity.

Incubation time (hrs) Lipase activity (U/gds)

24
48 0.46
72 4.92
96 6.48
120 5.04
10
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Figure 1. Effect of inoculum level on lipase activity.
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optimum inoculum level in the fermentation process. A
lower inoculum may give insufficient biomass causing
reduced product formation, whereas a higher inoculum
may produce too much biomass leading to the poor
product formation [23]. In this study, the maximum li-
pase activity (8.43 U/gds) was obtained with 2 ml (20%
v/w) inoculum level. Various investigators have used
different levels of inoculum for lipase production em-
ploying different microorganisms. Maximum lipase pro-
duction by Rhizopus oligosporus was achieved by Ul-
Haq et al., [21] with 1 ml of inoculum. An inoculum
concentration of 1.07 x 10° spores/10 g of substrate were
found to be optimal for lipase production by Aspergillus
niger [8]. Diaz et al., [13] used an inoculum concentra-
tion of 3 x 10’ spores/g of dry substrate for maximum
lipase production by R. homothallicus.

4.3. Effect of Initial Moisture Content

Moisture content of substrate plays a vital role for the
microbial growth and for effecting biochemical activities
in SSF [24]. The maximum lipase activity was obtained
at 70% v/w initial moisture content as presented in Fig-
ure 2. Lipase production was decreased at very higher
moisture content which may be attributed to the decrease
in porosity and hence decrease in gaseous exchange
leading to suboptimal growth and less enzyme produc-
tion as indicated by Silman et al., [25]. Less lipase activ-
ity was observed at lower moisture content due to the
reduction in the solubility of nutrients of the substrate,
lowers the degree of swelling, and creates higher water
tension as suggested by Perez-Guerra et al., [26]. Ma-
hanta et al., [11] reported initial moisture content at 50%
of substrate as ideal for lipase production using Jatropha
curcas seed cake as the substrate.

4.4. Identification of Important Nitrogen Source
Using Plackett-Burman Design

A total of ten nitrogen sources were screened through
twelve experimental runs. The experimental plan and

10

~ [=)} o]
L 1 1

Lipase activity (U/gds)

[\
1

50 60 70 80 90 100
Initial moisture content (%v/w)

Figure 2. Effect of initial moisture content on lipase activity.
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corresponding lipase production were shown in Table 3.
The pareto graph (Figure 3) was used to show the effect
of all nitrogen sources (both organic and inorganic) on
lipase production. A p-value of less than 0.05 for the six
variables viz., urea, peptone, malt extract, yeast extract,
(NH,),S0,, and NH4H,PO, indicates that they are sig-
nificant. From the statistical analysis, it was also found
that lipase production was affected by the above six ni-
trogen sources as evident from their F-values and
p-values as shown in Table 4. In addition, the coefficient
of determination (R?) of the model was found to be
0.9992 which explains the 99.92% variability of the data.
Urea had the confidence level more than 95% in com-
parison to the other variables and thus considered to be
highly significant for lipase production. Here one
dummy variable (DV) was employed to evaluate the
standard errors of the experiment. Further studies were
conducted by taking urea at different concentrations.
Figure 4 shows that 1.5 (%w/w) of urea yielded maxi-
mum lipase activity. However, at higher levels the

Urea
Peptone

Malt extract
Yeast extract
(NH,),S0;4
NH4H,PO,4
NH4NO3
Casein
Soyabean meal
DV

NH,CI

Effect estimate (absolute value)

Figure 3. Pareto graph showing effect of various nitrogen
sources on lipase production based on the observation of
Plackett—-Burman design.

16

14 - =

S [\
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Lipase activity (U/gds)
o

0 L | .| L L .| .|

0.5 1.0 1.5 2.0 2.5 3.0
Urea concentration (%w/w)

Figure 4. Effect of urea concentration on lipase activity.
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Table 3. Plackett—-Burman experimental design matrix for screening of various nitrogen sources for lipase production.
Variables (% w/w)
Levels Soyabean . Yeast Malt ;
Run meal Casein extract  extract Peptone Urea NH,ClI NHH,PO, (NH4),SO, NH;NO; DV ;-Clt?\f/ilsé
oy 5.0 50 50 50 50 30 30 3.0 30 30 - (Ulgds)
- 1.0 1.0 1.0 1.0 1.0 0.5 0.5 0.5 0.5 0.5 -
1 + — + - - - + + + - + 6.31
2 + + — + - - - + + + - 7.28
3 _ + + _ + — - — + + + 8.95
4 + - + + - + - - - + + 12.56
5 + + - + + - + - - - + 9.47
6 + + + - + + - + - - - 12,08
7 - + + + - + + - + - - 11.53
8 - - + + + - + + - + - 9.52
9 - - - + + + - + + - + 10.93
10 + - - - + + + - + + - 1126
1 - + - - - + + + - + +  10.25
12 - - - - - - - - - - - 619

DV: Dummy Variable

Table 4. Effects of different nitrogen sources for lipase pro-
duction from the results of Plackett-Burman design.

Variables Effect (E) t-value p-value
Soyabean meal 0.265000 5.6761 0.111019
Casein 0.465000 9.9599 0.063705
Yeast extract 0.928333 19.8841 0.031990°
Malt extract 1.041667 22.3116 0.028514%
Peptone 1.348333 28.8801 0.022035°
Urea 3.481667 74.5742 0.008536°
NH,CI 0.058333 1.2494 0.429690
NH,H,PO, -0.598333 -12.8158 0.049574*
(NH4).SO,4 -0.635000 -13.6011 0.046722%
NH4NO; 0.551667 11.8162 0.053749
DV 0.101667 2.1776 0.274061

Standard error = 0.046687
*Significant at p < 0.05.

production was reduced due to the inhibitory effects of
urea. Banjamin and Pandey [22] reported that urea was
found to be best nitrogen source for lipase production
with C.rugosa.

Copyright © 2010 SciRes.

4.5. Identification of Important Carbon Source
Using Plackett-Burman Design

Five carbon sources were screened by eight experimen-
tal runs. The experimental plan and corresponding lipase
production were shown in Table 5. The pareto graph
(Figure 5) was used to show the effect of all the carbon
sources on lipase production. A p-value less than 0.05
for the three variables viz., glucose, sucrose, and fruc-
tose indicates that they are significant. From the analysis,
it was also found that lipase production was affected by
the above three carbon sources as evident from their
F-values and p-values as shown in Table 6. In addition,
the coefficient of determination (R?) of the model was
0.9998 which explains the 99.98% variability of the data.
Glucose had a confidence level of above 95% in com-
parison to other variables and thus considered to be
highly significant for lipase production. Two dummy
variables (DV1 & DV2) were employed to evaluate the
standard errors of the experiment. Figure 6 presents the
results of different concentrations of glucose on lipase
activity.

5. CONCLUSIONS

The Palm kernel cake supported good microbial growth
and enzyme production as evident by its chemical com-
position. Marine yeast Yarrowia lipolytica NCIM 3589
was used for the fermentation. The presence of PKC
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Table 5. Plackett—-Burman experimental design matrix for screening of different carbon sources for lipase production.

Variables (Yow/w)

Run Levels Glucose Sucrose Fructose Lactose Starch DVv1 Dv2 Lipase activity
no. + 9 9 9 9 9 _ _ (Ulgds)
- 1 1 1 1 1 - -

1 - - - + + + - 8.94
2 + _ - - - + + 12.61
3 - + - - + - + 10.64
4 + + - + - - - 13.51
5 - - + + - - + 10.15
6 + - + - + - - 13.91
7 _ + + _ - + - 11.18
8 + + + + + + + 14.15

DV: Dummy Variables

Effect estimate (absolute value)

Figure 5. Pareto graph showing effect of various carbon
sources on lipase production basedon the observation of Plack-
ett-Burman design.

Table 6. Effects of different carbon sources for lipase produc-
tion from the results of Plackett-Burman design.

Variables Effect (E) t-value p-value
Glucose 3.3175 65.2623 0.009754°
Sucrose 0.9675 19.0328 0.033418°
Fructose 0.9225 18.1475 0.035045°
Lactose -0.3975 -7.8197 0.080973

Starch 0.0475 0.9344 0.521572
DV1 -0.3325 —6.5410 0.096580
Dv2 0.0025 0.0492 0.968716

Standard error = 0.050833
*Significant at p < 0.05.

Copyright © 2010 SciRes.

Lipa

o/ o

3 4 5 6 7 8 9
Glucose concentration (Yow/w)

Figure 6. Effect of glucose concentration on lipase activity.

with 70% moisture content yielded the maximum lipase
activity (18.58 U/gds) in four days. The high lipase ac-
tivity achieved in conjunction with the abundantly
available palm kernel cake in the state of Andhra Pra-
desh, India, paved a way for the industrial exploitation
of this substrate under solid state fermentation using the
indigenous Yarrowia lipolytica NCIM 3589 as a suitable
micro organism.
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ABSTRACT

Generally all morphological physical features of hu-
man body change throughout ones life span, the rates
of change are not constant and there are certain ages
when anthropometric characteristics reach its peak.
The maturity of the anthropometric characteristics
varies among populations/communities and sexes due
to genetic make-up, environment and other concomi-
tants. Present study examined the nature and extent
of age related changes in anthropometric and body
composition characteristics among the adult Bishnu-
priya Manipuris of Cachar district, Assam. Some
anthropometric data and body composition charac-
teristics analysed and compared between/among 5-
age cohorts to see age changes. Study results show
significant age changes in some anthropometric cha-
racteristics and some body composition characteris-
tics. However, age specific changes could not been de-
termined due to small sample size.

Keywords: Anthropometry; BMI; Fat; Age-Changes

1. INTRODUCTION

Changes in body structure and morphology in humans
occurs over its lifetime. At every stage of life, there are
physical changes in the human body. Although every
person experiences growth and development uniquely,
the patterns are similar for all humans but the rates vary
(due to nutrition, exercise, environment etc). Generally,
from age 20 to 35 years, most of the physical body di-
mension is in peak form. Changes that occur during
early stages of life and through adolescence are known
as growth and development, which is characterized by
fast progress. On the other hand, changes that occur
during adulthood are known as age changes, which is
relatively slower than earlier phase [1].

It was thought that once the human body reached its
adult size, all the body measurements remain constant

for many years to come but there is no clear static point
in actual age or particular time of human being, when
the morphological body features do not change [2]. De-
velopmental processes or changes in body morphology
continue to occur after puberty. Genetic and environ-
mental factors play a significant role in the whole proc-
ess of change in the anthropometric characteristics dur-
ing adulthood among individuals [3]. Susanne [4] point-
ed out that the process of formation and destruction are
present in all stages of life, beginning from the concep-
tion to death and the ratio between these processes are
different and it is difficult to assign a period or age of
complete maturation and the beginning of aging process.
Anthropometric characteristics provide a better under-
standing of the growth process by describing changes in
the body size and morphology through ages. However,
all the anthropometric characteristics do not reach its
peak at the same time, at the same rate or at the same
extent with other. The variation may be evident between
anthropometric characteristics, between populations, or
between sexes.

Though, nutritional status are supposed to have a great
role in making all types of changes but the variation in
the anthropometric and body composition characteristics
in the adulthood are primarily due to osteological chan-
ges, changes in the fat and muscle tissue. Because of the
cross-sectional nature of most of the anthropological
studies on adults, it is difficult to separate the changes
occur due to secular changes or from continuing growth
or due to aging [4,5]. Anthropometric measurements on
individual seem to attain their peak at different ages. In
general, height reaches the peak early in the life (i.e.
around 20 years of age), weight attains its peak after 30
years, circumferences and some functional characteri-
stics reaches at and around the same time, width meas-
urements reaches its peak later ages of life [6].

In view of the importance of age changes in the an-
thropometric characteristics of healthy adults, which
help to understand the process of change and ultimately
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improve the knowledge. A large number of studies on
age related changes have been conducted on different
ethnic groups in India and abroad but majority of the
studies have focused attention on the elderly population
[7-13]. Very few studies have concentrated on age chan-
ges in anthropometric characteristics during adult-
hood [5,6,14-16].

In light of the above-mentioned studies, the present
study examined the nature and extent of age related
changes in anthropometric characteristics among the
adult Bishnupriya Manipuris of Cachar district, Assam.

2. MATERIALS AND METHODS

A multi-disciplinary bio-medical research project was
undertaken among the Bishnupriya Manipuris, who has
been settled at Pakaipar, about 30 kilometers away from
Silchar (capital town), Cachar district of Assam. Bish-
nupriya Manipuris of this area have been originally mi-
grated from Manipur around 100 years before. Bishnu-
priya Manipuris are different from the Meiteis (dominant
group of Manipur) in terms of language [17] and some
physical features, although both the groups are hinduised
and followers of lord Vishnu.

No statistical sampling of the households/individuals
have been made, complete enumeration of the settlement
have been done for demographic information. For an-
thropometric data, individual, who voluntarily agreed to
participate in the study, have been incorporated in the
sample (100 males and 146 females). Age of the indi-
viduals have been collected after verifying written re-
cord, those individuals who do not have birth record,
their age was estimated by reference to important local
events but those data have not been used in the present
analyses. Initially, anthropometric data have been col-
lected from 279 individuals but at the time of analysis
data of 33 individuals have been excluded due to un-
availability of proper birth record. Total 246 individuals
have been classified into 5 groups of 10 years age cohort,
i.e., <25, 25-34, 35-44, 45-54 and> 54. It would be ideal
to make classification with each age but due to small
number of samples it was not possible.

Data types include Socio-demographic characteristics
of the individuals studied like age, sex, education, occu-
pation and per capita monthly expenditure as well as
their anthropometric measurements. Socio-demograph-
ic data collected through household census schedule
from 122 households. Anthropometric data have been
collected from adult (above 18 years) individuals of both
sexes, following standard techniques [18]. Anthropomet-
ric data includes height, weight, sitting height, upper arm
circumference, calf circumference, biacromial diameter,
biiliac diameter, bicondylar diameter of humerus, bi-
condylar diameter of femur, skinfold thickness like bi-
ceps, triceps, subscapular, suprailiac, medial calf.

Copyright © 2010 SciRes.

Some calculated values like Body mass index (BMI),
Body fat percentage, Fat mass and Fat free mass have
also been presented. Fat percentages have been obtained
by Beurer Body Fat Monitor, which works on the princi-
ples of Bioelectrical Impedance to measure a persons’
actual body fat content. By utilizing BIA (bioelectrical
impedance analysis) principles, a relatively accurate pic-
ture can be obtained of the body’s fat content. The meth-
ods Bioelectrical Impedance is considered to be one of
the standard techniques as stated in many literatures
[19,20]. Body mass index (BMI), Fat mass (FM) and Fat
free mass (FFM) data have been calculated by using the
following formula:

BMI = Weight (kg)/Height (m?)

FM (kg) (Fat mass) = (Body Fat percent/100) x
Weight (kg)

FFM (kg) (Fat free mass) = Weight (kg) — Fat mass
(kg)

Analysis of data: Descriptive statistics of anthropo-
metric variables have been calculated and one-way ana-
lysis of variance (ANOVA) calculated to test the hypo-
thesis that all the mean values of age cohorts are equal
for each variable. Whenever significant ANOVA (F
value) results of any variable detected, the mean values
were crosschecked with Scheffe test to find out where
the exact difference exists between groups. Scheffe’s test
is designed to allow all possible linear combinations of
group means to be tested, not just pairwise comparisons
but the test is more conservative than other tests, mean-
ing that a larger difference between means is required for
significance. The chance of rejecting a true hypothesis is,
say 5% on each test, and when several tests are made,
the chance of rejecting at least one true-hypothesis be-
comes considerably larger than 5%. Scheffe’s multi-
ple-comparison method overcomes this problem. In fact,
using Scheffe’s method, and making all possible com-
parisons, the probability of obtaining one or more false
conclusions when all the population means are actually
equal is exactly 5%. The coefficient of variation (CV)
has also been calculated and has been expressed as per-
cent. The coefficient of variation (CV) is a normalized
measure of dispersion of a probability distribution, also
known as “relative variability”, equals the standard de-
viation divided by the mean. Sometime CV is expressed
as percentage. The coefficient of variation describes the
magnitude sample values and the variation within them
and it is a useful statistic for comparing the degree of
variation from one data series to another, even if the
means are drastically different from each other. The
coefficient of variation is useful because the standard
deviation of data must always be understood in the
context of the mean of the data. The coefficient of
variation is a dimensionless number. The CV of a single
variable aims to describe the dispersion of the variable,
which does not depend on the variable’s measurement
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unit. The higher the value of CV is, the greater the dis-
persion of the variable. All the analyses have been done
using SPSS 11.0 version computer package.

3. RESULTS

3.1. Socio-Economic Condition of the Study
Population

Socio-demographic profile of the Bishnupriya Manipuris
shows out of 246 individuals, 146 (59.30%) is female.
Higher number of males (63.00%) and females (51.37%)
has education up to secondary level, followed by higher
secondary level (22.00% males & 18.49% females),
graduation level & above (8.00% males and 6.85% fe-
males) and primary level (4.00% males & 12.33% fe-
males). Considering the occupations of the study group,
large number of males are owner cultivator (25%) fol-
lowed by business (22%), pension holder (21%) and
service (10%), while most of the females are engaged in
household work (75.34%). Economic status of the group
has been determined by per-capita expenditure, shows
that most of the individuals of both sexes belong to
Rs.500/- to Rs.1000/- (53.00% males and 60.27% fe-
males), followed by above Rs.1000/- (33.00% males and
25.34% females) expenditure category and rest of the
individual belong to below Rs.500/- (14.00% males and
14.38% females) expenditure category. Aging effect for
the above mentioned variable was not possible due to
present sample size but will make an impression on the
subject of study.

Table 1 shows descriptive statistics pertaining to an-
thropometric characteristics and body composition of
5-age cohorts of male Bishnupriya Manipuris. Younger
group (< 25 years) show higher mean values in stature,
medial calf skinfold and fat free mass, 2™ group (25-34
years) show higher mean values in sitting height and
suprailiac skinfold thickness, 3 group (35-44 years)
show higher mean values in body weight, upper arm and
calf circumference, biacromial diameter and subscapular
skinfold thickness, 4™ group (45-54 years) show higher
mean values in biiliac diameter, biepicondylar diameter
of humerous as well as BMI, eldest group (> 54 years)
show higher mean values in and biepicondylar diameter
femur and fat. ANOVA result shows significant mean
differences between/among 5 age groups in the anthro-
pometric traits like sitting height, biepicondylar diameter
of humerus and all the body composition characteristics
except body mass index.

Table 2 shows Scheffe test results for group compari-
son, between/among 5-age cohorts. The variables consi-
dered in the test, which show significant ANOVA values
in Table 1. Scheffe test is more robust than t-test and it
rules out type | error. First 2 variables (Sitting Height and
Humerus diameter) do not show significant values be-
tween/among groups. Body fat percent is significantly

Copyright © 2010 SciRes.

high in the eldest group and significantly low in the youn-
ger group, therefore, it shows significant values. Fat mass
and fat free mass also show more or less similar result
with slight variation.

Descriptive statistics pertaining to anthropometric
characteristics and body composition of the female Bi-
shnupriya Manipuris has been presented in Table 3.
Younger group (< 25 years) show higher mean values in
body weight, sitting height, calf circumference, medial
calf skinfold and fat free mass, 2™ group (25-34 years)
show higher mean values only in subscapular skinfold
thickness, 3" group (35-44 years) show higher mean
values in only, upper arm circumference and 4™ group
(45-54 years) show higher mean values in stature, biceps
and triceps skinfold thickness and BMI, eldest group (>
54 years) show higher mean values in biacromial and
biiliac diameter, biepicondylar diameter of humerous,
biepicondylar diameter femur, suprailiac skinfold thick-
ness, fat% and fat free mass. ANOVA result shows sig-
nificant mean differences between/among 5 age groups
in the anthropometric traits like sitting height, biepi-
condylar diameter of humerus, medial calf skinfold
thickness and all the body composition characteristics
except body mass index.

Table 4 shows Scheffe test results for group compari-
son, between/among 5-age cohorts. The variables con-
sidered in the test, which show significant ANOVA val-
ues in Table 3. First 2 variables (Sitting height and me-
dial calf skinfold) show significant difference between
younger and eldest (1% vs. 5™) group. Biepiconder dia-
meter of humerus fail to show significant difference be-
tween/among groups. Body fat percent is significantly
high in the eldest group and significantly low in the
younger group, therefore, it shows significant values. Fat
mass and fat free mass also show more or less similar
result with slight variation.

Age changes in the anthropometric and body compo-
sition characteristics have been presented (mean + SE) in
Figure 1 and Figure 2 for both male and female Bish-
nupriya Manipuris.

Table 5 shows the Coefficient of variation in percent-
ages. Variation of skinfold measurement is greater than
all other measurements and again the variation is much
greater in females than males, whereas fat percent and
fat mass of females show smaller variation than males.

4. DISCUSSION

Individuals reach physical maturity through growth and
development at certain age, but the age of maturity of all
the body components is not similar between individuals
or populations. It is inevitable that after middle age the
changes in physical characteristics are marked and
show declining trend. Present study examines age re-
lated changes in anthropometric and body composition
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Table 1. Descriptive statistics pertaining to anthropometric and body composition characteristics of 5-age cohorts of male Bishnu-
priya Manipuris (F value refers to ANOVA results).

< 25 Years 25-34 Years 35-44 Years 45-54 Years > 54 Years
Ant\r;:r)g%rlréitric (n=16) (n=23) (n=26) (n=18) (n=17) F Value*
Mean SD Mean SD Mean SD Mean SD Mean SD
Body weight (kg) 56.17 5.43 55.38 8.77 57.87 9.44 56.23 8.68 54.64 9.97 0.426
Stature (cm) 16484 645 163.36 5.68 163.75 7.27 161.29 3.80 162.11 4.68 1.001
Sitting height (cm) 86.19 2.96 87.07 2.78 86.90 3.26 84.88 2.53 84.38 2.73 3.442*
Circumferences (cm)
Mid upper arm 24.25 2.04 23.72 2.17 2491 251 23.54 481 24.14 2.62 0.747
Medial Calf 3201 302 3151 2.99 32,57 321 31.73 2.49 31.08 294 0.766
Diameter (cm)
Biaccromial 37.69 2.03 38.19 171 38.39 1.68 36.99 1.46 37.61 1.69 2.123
Biiliac 26.60 1.15 26.72 1.62 26.91 1.76 27.34 1.80 27.21 2.03 0.615
Bicondylar humerus 6.47 0.44 6.16 0.39 6.47 0.54 6.56 0.40 6.51 0.32 2.809*
Bicondylar femur 9.04 0.48 8.89 0.48 9.11 0.56 9.01 0.29 9.26 0.44 1.669
Skinfold thickness (mm)
Biceps 3.38 0.77 3.99 1.60 4.01 1.47 351 1.48 4.29 1.48 1.260
Triceps 6.30 2.09 6.82 3.02 7.25 3.03 6.00 212 7.71 3.04 1.134
Sub-scapular 9.90 2.65 12.43 4.67 14.25 5.71 12.43 3.42 12.46 5.03 2.225
Suprailiac 7.38 3.60 9.85 5.72 9.08 491 8.10 3.77 9.46 6.32 0.749
Medial calf 8.03 3.14 6.60 2.78 6.53 2.62 5.46 2.18 5.81 2.25 2.372
Body composition
Body Mass Index (kg/m?) 2066 149  20.72 291 21.59 3.33 21.62 3.28 20.73 3.35 0.545
Body Fat (%) 1327 491  20.80 7.33 20.73 6.82 27.65 9.30 30.66 7.64  14.502**
Fat Mass (kg) 7.46 2.79 11.59 4.69 12.21 5.02 15.78 6.20 16.83 5.12 9.632**
Fat Free Mass (kg) 48.71 5.21 43.79 7.29 45.66 7.16 40.46 6.73 37.80 7.47 9.721**

#[df =4,95* P <0.05, ** P <0.01]

Table 2. Scheffe test between/among age groups of selected anthropometric characteristics of male, which show significant values

in ANOVA (Table 1).

Age Groups
Variables

1lvs.2 1vs. 3 lvs. 4 lvs.5 2vs. 3 2vs. 4 2vs.5 3vs. 4 3vs.5 4vs.5
Male df =37 df =40 df =32 df=31 df=47 df=39 df=38 df=42 df=41 df=33

Sitting Height (cm) 0.886 0.709 1.304 1.811 0.178 2191 2.697 2.013 2.520 0.507
Humerus diameter (cm) 0.308 0.004 0.087 0.037 0.312 0.395 0.345 0.082 0.033 0.050

Body Fat Percent 7.527* 7.462* 14.381*  17.396* 0.065 6.854 9.869* 6.919 9.934*  3.015

Fat Mass (kg) 4.128 4.746 8.313* 9.369* 0.618 4.185 5.241* 3.567 4.623 1.056

Fat Free Mass (kg) 4919 3.045 8.249* 10.902* 1.873 3.330 5.984 5.203 7.857*  2.654

*P<0.05
Copyright © 2010 SciRes. ABB
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Table 3. Descriptive statistics pertaining to anthropometric and body composition characteristics of 5-age cohorts of female Bish-
nupriya Manipuris (F value refers to ANOVA results).

<25Yrs. 25-34Yrs. 35-44 Yrs. 45-54 Yrs. >54Yrs.
Ant\k/];?g%rir;itric (n=31) (n=39) (n=29) (n=19) (n=28) F Value®
Mean SD Mean SD Mean SD Mean SD Mean SD
Body weight (kg) 45.64 5.41 46.09 7.46 47.92 6.23 48.67 8.58 48.49 9.53 1.012
Stature (cm) 150.55 6.06  149.13 5.21 149.47 5.64 148.26 5.37 149.07 4.29 0.621
Sitting height (cm) 80.23 3.37 79.44 3.06 79.10 3.45 78.41 3.33 77.58 221 3.043*
Circumferences (cm)
Mid upper arm 2215 175 2177 2.07 22.89 1.99 2334 243 22.68 2.57 2.325
Medial Calf 29.10 193 2810 2.18 28.19 1.75 28.29 297 28.35 2.55 1.012
Diameter (cm)
Biaccromial 34.37 1.80 34.23 1.66 34.37 1.78 34.08 2.02 34.89 1.90 0.744
Biiliac 26.42 1.59 26.22 1.68 26.62 1.25 27.04 1.49 27.28 1.94 2.189
Bicondylar humerus 5.64 0.42 5.56 0.47 5.59 0.40 5.78 0.52 5.89 0.44 2.747*
Bicondylar femur 8.26 0.41 8.20 0.47 8.28 0.60 8.35 0.52 8.43 0.47 0.974
Skinfolds thickness (mm)
Biceps 6.47 2.57 6.41 2.87 5.99 2.33 6.77 3.25 6.74 2.98 0.337
Triceps 1302 390 11.25 4.09 12.03 441 13.03 4.75 12.16 4.20 0.978
Sub-scapular 14.98 4.72 15.49 5.53 15.47 5.00 14.34 441 16.09 6.15 0.365
Suprailiac 12.35 5.50 12.11 5.68 11.12 4.42 12.19 5.66 13.12 6.37 0.472
Medial calf 10.20 3.01 8.59 3.56 7.88 2.06 7.48 3.63 7.09 2.83 4.612**
Body composition
Body Mass Index (kg/m?) 20.13 1.95 20.67 2.85 21.45 2.65 22.12 3.65 21.76 3.94 1.985
Body Fat (%) 29.46 4.66 33.84 5.19 36.98 5.83 39.22 6.31 43.02 7.17 23.194**
Fat Mass (kg) 13.47 2.78 15.66 3.73 17.73 3.67 19.11 4.65 21.13 5.75 15.035**
Fat Free Mass (kg) 32.17 4.23 30.44 5.08 30.19 4.75 29.56 5.85 27.36 5.02 15.167**

# [df = 4, 141 *P < 0.05, **P < 0.01]

Table 4. Scheffe test between/among age groups of selected anthropometric characteristics of female, which show significant values

in ANOVA (ref. Table 3).

Age Groups
Variables
1lvs.2 1vs.3 1lvs.4 1vs5 2vs.3 2vs4 2vs5 3vs4 3vs5 4vs5
Female df=68 df=58 df=48 df=57 df=66 df=56 df=65 df=46 df=55 df=54
Sitting Height (cm) 0.789 1.132 1.827 2.650* 0.344 1.038 1.861 0.695 1.518 0.823
Calf skinfold (mm) 1.610 2.317 2.716 3.114* 0.707 1.106 1.504 0.399 0.797 0.399
Humerus diameter (cm) 0.078 0.049 0.142 0.244 0.029 0.220 0.322 0.191 0.293 0.102
Body Fat Percent 4.383* 7.518* 9.763* 13.560* 3.135 5.380* 9.177* 2.245 6.042*  3.797
Fat Mass (kg) 2.192 4.260* 5.642* 7.660* 2.069 3.451 5.468* 1.382 3.400 2.018
Fat Free Mass (kg) 1.739 1.981 2.610 4.813* 0.243 0.872 3.074 0.629 2.831 2.202
*P < 0.05
Copyright © 2010 SciRes. ABB
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Figure 1. Age changes in the anthropometric characteristics in 10-yearly age cohort.

characteristics of the Bishnupriya Manipuris of Cachar
district, Assam. The study population belongs to similar
socio-economic background and shares a common phy-
sical environment. Study protocols were similar for all
the individuals studied.

Present study shows significant difference in the an-
thropometric traits like, sitting height, humerus diameter,
medial calf skinfold thickness; and in all body composi-
tion variables except body mass index between/among

Copyright © 2010 SciRes.

10-yearly age cohorts in both sexes. Present study shows
maximum mean height in the age group of < 25 years
and thereafter it is slightly decreasing with increase of
age irrespective of sex. Similarly, sitting height of both
sexes demonstrate a significant decreasing trend with
increasing age and this trend is very clear in females,
which is corroborative with few empirical studies
[21,22]. Most other anthropometric characteristics
reached its peak at 35-44 yrs. age cohort (e.g. Body
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Figure 2. Age changes in the body composition characteristics among 10-yearly age cohort.

weight, Sitting height, Upper arm circumference, calf
girth and so on) and few other characteristics reached its
peak at 45-54 yrs. age cohort (e.g. Biiliac diameter, bi-
condylar diameter of humerus), which is corroborative
with the study of Oraon agricultural labourer of Jal-
paiguri [5]. After peakedness, anthropometric character-
istics show a decreasing trend with the increment of age
may be due to the shrinkage of inter-vertebral space and
increasing curvature of spine. Prokopec [6] (1987) ob-

Copyright © 2010 SciRes.

served that weight increase upto 40 years and then de-
cline, which is corroborates with the present study in
male but female show decreasing trend in weight in the
age group of >54 years, which is corroborative with the
study of Dangour [21] (2003) and Norris et al. [23]
(1963).

Medial calf skinfold thickness significantly depicts a
declining trend from first age group, i.e., < 25 years,
which is corroborates with the study of Roy and Pal
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Table 5. Coefficient of variation (CV) in anthropometric and body composition characteristics of different age cohorts of the study

population (expressed in percentage).

Male Female

Variables
<25y 25-34y 35-44y 45-54y > 54y < 25y 25-34y 35-44y 45-54y > b4y
Weight 9.667 15.832 16.313 15.441 18.245 11.859 16.176 13.002 17.627 19.649
Stature 3.913 3.476 4.441 2.359 2.885 4.025 3.495 3.770 3.620 2.876
Sitting Height 3431 3.192 3.748 2.980 3.232 4197 3.856 4.368 4.249 2.854

Circumference
Upper arm 8.400 9.129 10.062 20.446 10.852 7.920 9.517 8.691 10.398 11.345
Medial Calf 9.441 9.498 9.843 7.850 9.462 6.627 7.770 6.193 10.512 9.003
Diameter
Bi-accromial 5.395 4.470 4.378 3.937 4.486 5.240 4.840 5.183 5.930 5.438
Bi-iliac 4.332 6.055 6.556 6.595 7.456 6.011 6.411 4.691 5.503 7.129
Humerus 6.791 6.281 8.389 6.039 4.905 7.390 8.384 7.119 8.914 7.481
Femur 5.266 5.361 6.117 3.242 4.740 4,981 5.747 7.199 6.230 5.629
Skinfold thickness
Biceps 22.887 40.015 36.576 42.096 34.388 39.738 44711 38.943 48.014 44,134
Triceps 33.235 44.253 41.810 35.369 39.502 29.925 36.381 36.605 36.467 34.559
Sub-scapula 26.720 37.607 40.058 27.499 40.375 31.488 35.700 32.356 30.771 38.212
Supra-iliac 48.873 58.089 54.078 46.551 66.834 44.546 46.896 39.770 46.438 48.523
Medial calf 39.140 42.178 40.097 39.977 38.637 29.507 41.483 26.179 48.531 39.943
Body Composition

BMI 7.200 14.053 15.432 15.185 16.159 9.712 13.771 12.338 16.521 18.114
Fat percent 37.037 35.271 32.920 33.621 24.915 15.822 15.324 15.774 16.083 16.665
Fat mass 37.333 40.441 41.101 39.320 30.399 20.639 23.812 20.719 24.354 27.217
Fat free mass 10.700 16.641 15.674 16.633 19.751 13.132 16.706 15.748 19.777 18.363

[5] (2003). Other skinfold thickness measurements do
not show any such trend, however, biceps and triceps
skinfold show its peak at 45-54 yrs. age cohort.

Body mass index is generally considered to be as a
measurement of fatness [24,25], while it also gives in-
formation about fat free mass. The same adult BMI
value corresponds to a more fatty body composition in
the elder individual, because fat mass increases and fat
free mass decreases in this particular period of life [26].
BMI (Body Mass Index) of the present population show
peaked ness at 45-54 yrs. age cohort, similar trend has
been revealed from other studies [21,27] conducted in
developing countries like India. Whereas fat percent as
well as fat mass show its peak at the last age group,
while fat free mass shows significant reverse trend with
age, which is not corroborative with other studies [13,

Copyright © 2010 SciRes.

16]. This trend may be due to the degeneration of muscle
and accumulation of fat mass during the older age of this
particular population.

Finally, although the present study shows some sig-
nificant changes and trend with increment of age in an-
thropometric and body composition traits of both sexes
but some of the variables fail to demonstrate specific
trend with increment of age. It would have been better to
make age specific changes (considering each age) in-
stead of making 10-yealy age cohorts, which could spe-
cifically able to demonstrate exact nature of change (ex-
act age when the development for each trait ceased and
when declining trend starts), however, it was not possi-
ble for the small sample size of the present study. It is
important to understand the actual age changes in an-
thropometric and body composition characteristics of
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any group in terms of greater academic interest as well
as biological and social point of view. As a note of cau-
tion, future studies on age changes in any population
should be careful in taking the sample sizes as much as
possible in order to make a clear understanding of the
age specific changes.
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ABSTRACT

A simple, sensitive and validated HPTLC method has
been developed to determine Niacin and simvastatin
simultaneously in synthetic mixture form. Chroma-
tographic separation was achieved on a RP18 plate
using a mixture of Methanol: Water: Acetic acid
(80:20:0.1) at a wavelength of 236 nm. Linearity of
the method was found to be in the concentration
range of 12.5-37.5 pg/spot for niacin and 0.25-0.75
pa/spot for simvastatin with correlation coefficient
greater than 0.999. The method can be used for si-
multaneous determination of Niacin and Simvastatin.

Keywords: HPTLC; Methanol; Niacin; Simvastatin

1. INTRODUCTION

Niacin (Figure 1) chemically designated as Pyridine 3
carboxylic acid reduce triglyceride, levels, is also effec-
tive for increasing serum HDL levels [1]. It has also
been demonstrated that this drug lowers the incidence of
coronary heart disease in humans [1]. A number of ana-
Iytical methods have been developed for its determina-
tion in pharmaceutical formulations or in biofluids either
alone or in combination with other drugs [2-8]. These
include determination of niacin by liquid chromatogra-
phy—mass spectrometry [9], HPLC [9-12], flow injection
and spectrofluorimetric analysis.

Simvastatin (Figure 2), a hypolipidemic drug belong-
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Figure 1. Niacin.

A

Figure 2. Simvastatin.

ing to the class of pharmaceuticals called statins is
chemically designated as [(1S,3R,7R,8S,8aR)-8-[2-
[(2R,4R)-4-hydroxy-6-oxo0-oxan-2-yl]ethyl]-3,7-dimeth-
yl-1,2,3,7,8,8ahexahydronaphthalen-1-yl] 2,2-dimethy-
Ibutanoate. It is used for the treatment of hypercholes-
terolemia [13]. An HMG-CoA reduces ase inhibitor, acts
by decreasing cholesterol synthesis and by increasing
low density lipoprotein (LDL) catabolism via increased
LDL receptor activity [14]. Different analytical methods
have been reported for the determination of simvastatin,
which include HPLC [15-17], HPLC-MS/MS [18],
spectrophotometer [19].

It was found that Simvastatin plus niacin provides
marked clinical and angiographic ally measurable bene-
fits in patients with coronary disease and low HDL lev-
els [20]. The US Food and Drug Administration (FDA)
has approved a fixed-dose combination of niacin and
simvastatin for use in patients with complex lipid ab-
normalities where treatment with niacin or simvastatin
alone is not sufficient [21] The FDA has approved
maximum dose of niacin 1000mg and 20 mg of simvas-
tatin per tab. The combine dosage form of Niacin and
simvastatin are available in market.

According to the information collected from literature
there is no reported method for simultaneous determina-
tion of Niacin and simvastatin. In the present work we
have focused on deciding the optimum chromatographic
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conditions for the simultaneous determination of Niacin
and simvastatin in a pharmaceutical preparation.

We describe in this paper a simple, sensitive and va-
lidated HPTLC method for the simultaneous determina-
tion of Niacin and Simvastatin .The developed method
can be applied successfully for quality control and for
other analytical purposes.

2. MATERIAL AND METHODS
2.1. Chemicals and Reagents

Niacin and simvastatin reference substances with
claimed purity of 99.70% and 99.65% respectively were
taken from Precise Pharma (Turbhe, mumbai) Methanol
(HPLC grade), Triethyl amine and acetic acid (analytical
reagent grade) were purchased from Merck (Mumbai).
All excepients used were of pharmaceutical grade. Mo-
bile phase was filtered using 0.45 um cellulose acetate
filters made by Millipore (USA) whereas; Whatmann
filter papers No. 41 (purchased from the local market)
were used in the preparation of sample solution.

2.2. Chromatographic Conditions

The chromatographic estimation were performed using
stationary phase precoated C18 aluminum sheets (10 x
10 cm, prewashed with methanol and dried in oven at
50°C for 5 min) mobile phase, Water: Methanol: Acetic
acid (20:80:0.1), chamber and plate saturation time of 30
min, migration distance allowed was 74 mm, wavelength
scanning was done at 236 nm, keeping the slit dimension
at5 x 0.45 mm.

2.3. Preparation of Standard Solution

A Stock solution of niacin and simvastatin was prepared
at about 10000 pg/ml and 200 pg/ml respectively in Di-
luent. Make standard in duplicate and spot 2.5 ul of each
solution.

2.4. Determination of Simvastatin and Niacin in
There Combined Dosage Forms

The content of twenty tablets where taken and weigh-
ed .powder equivalent to Niacin 1000 mg and 20 mg
simvastatin in 100 ml volumetric flask add 50 ml of di-
luent and flask was sonicated for 5 min .The flask was
sonicated and the volume was diluted to the mark with
diluent .The above solution was filtered using what man
filter paper No. 1.

2.5. Linearity

Linearity of the proposed method was checked by ana-
lyzing seven solutions in the range of 5000-15000 pg/ml
for niacin (5000, 7500, 10000, 12500, 15000 pg/ml) and
100-300 pg/ml for simvastatin (100,150,200,250,300 pg/
ml). Each level was made in triplicate and spot 2.5 ul of
each solution.

Copyright © 2010 SciRes.

2.6. Accuracy

Method accuracy was performed by adding known
amounts of niacin and simvastatin to the pre analyzed
sample and then comparing the added concentration with
the found concentration. Three levels of solutions were
made which correspond to 50, 100 and 150% of the no-
minal analytical concentration. Each level was made in
triplicate and spot 2.5 pl of each solution.

2.7. Specificity

Commonly used exceipients (starch, microcrystalline
cellulose and magnesium stearate, lactose,) were spiked
in to a pre weighed quantity of drugs .The chromatogram
was taken by appropriate dilution and the quantities of
drug were determined.

2.8. Ruggedness

Ruggedness of the method was performed by two dif-
ferent parameters i.e. days and analyst .The results of
estimation by proposed method are very much similar
under variety of condition.

2.9. Precision

For evaluating the within-day precision, results of six
replicate analyses of samples were calculated on a single
day. The between-day precision was calculated from the
same samples analyzed on different days.

2.10. LOD and LOQ

For calculating the LOD and LOQ values, solutions with
known decreased concentrations of analytes were in-
jected into the HPTLC system. The limit of detection
(LOD) and quantification (LOQ) were then measured by
calculating the minimum level at which the analytes can
be readily detected (signal to noise ratio of 3:1) and
quantified (signal to noise ratio of 10:1) with accuracy,
respectively.

3. RESULTS

In the present work conditions were optimized for the
development and validation of a simple and accurate
HPTLC method for the simultaneous determination of
niacin and simvastatin in synthetic mixture form. Me-
thod development was started with water and methanol
in the ratio of 50:50 (v/v). At this composition although
both components were separated large resolution but
peak shape was not good. The methanol contents of the
mobile phase were then increased to decrease resolution
and R.F and 0.1% acetic acid was added to reduce the
tailing. At the composition of 20:80:0.1(Water: Methanol:
Acetic acid) both components were separated with a
good resolution and good peak shape. The most appro-
priate mobile phase composition was thus found to be
Water: Methanol; Acetic acid in the ratio of 20:80:0.1.
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Under the Described experimental conditions, sharp
peaks that belong to niacin and simvastatin were ob-
tained at retention factor of 0.100 and 0.65 minutes re-
spectively as shown in Figure 3.

The developed chromatographic method was vali-
dated using ICH guidelines [22]. Validation parameters
performed include linearity, limit of detection and quan-
titation, selectivity, ruggedness, accuracy and repeatabil-
ity the calibration curve was linear over the concentra-
tion range of 5000-15000 ug/ml for niacin and 100-300
pg/ml for simvastatin. The correlation coefficient in both
cases was found to be greater than 0.999 which mani-
fests a linear relationship between concentration and the
peak area. The linear regression equation for niacin was
found to be Y = 3.2342 X + 149.27 with correlation coeffi-
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cient equal to 0.999. The linear regression equation for
simvastatin was found to be Y = 11.499 X + 4.8 with
value of correlation coefficient equal to 0.99997. In this
study, the LOD was found to be 1200 pg/ml and 24
ug/ml for niacin and simvastatin respectively. The LOQ
was found to be 4000 ug/ml and 80 ug/ml for niacin and
simvastatin respectively. The recovery and the relative
standard deviation for each of the analytes are given in
Table 1.

The results of within-day and between-day precision
are presented in Table 2.

Chromatogram of niacin and simvastatin in sample in
given in Figure 4 showing selectivity of the proposed
method.

[Rf]

Figure 3. Chromatograms of Niacin and simvastatin reference substances.

Table 1. Accuracy of the proposed HPTLC method.

compound Level (%) n mﬁgﬁm Coﬁgfj;?gd/ml % recovery RSD (%)
50 3 5000 4920 98.4 0.68
Niacin 100 3 10000 9880 98.8 0.35
150 3 15000 15120 100.8 0.35
50 3 100 98.00 98.0 1.63
Simvastatin 100 3 200 205.0 1025 0.21
150 3 300 302.0 100.6 0.67

Copyright © 2010 SciRes.
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Table 2. Precision of the proposed HPTLC method.

P. K. Tiwari et al. / Advances in Bioscience and Biotechnology 1 (2010) 131-135

Within a day Between a day
Concn. found Concn. found
Cor/wrcnnI ug Nlon_of pg/ml Rsd % pg/ml Rsd %
) Mean Mean

5000 3 5000.20 0.23 5009.10 0.59

Niacin 10000 3 10030.12 0.36 10020.22 0.16

15000 3 14996.33 0.88 15000.13 0.28

100 3 100.22 0.55 100.02 0.15

Simvasatin 200 3 200.22 0.77 201.32 0.37

300 3 301.55 0.99 300.15 0.68
>S5
<

[Rf]

Figure 4. Chromatograms of Niacin and simvastatin in sample solution.

4. CONCLUSIONS

A simple and accurate reverse phase HPTLC method has
been developed for the simultaneous determination of
niacin and simvastatin. The method was validated by
testing its linearity, accuracy, precision, limits of detec-
tion and quantization, selectivity and robustness.
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ABSTRACT

Bacillus cereus is an opportunistic pathogen causing
food poisoning manifested by diarrhoeal or emetic
syndrome. It is closely related to animal and human
pathogens Bacillus anthracis and the insect pathogen
Bacillus thuringiensis. In the present study, antibiotic
resistance, heavy metal tolerance & molecular typing
of Bacillus cereus from diverse sources such as soil,
sewage water, air, fresh water, sea water and milk
were studied. Bacillus cereus resistant to Penicillin
(10 units/ml) and Amoxycillin (10 pg/ml); sensitive to
Cobalt and Mercury even at 1 mM concentration
were determined. All the isolate had plasmid ranging
in number from 3-5 and their molecular weight
ranged from 3.0 kb-2.0 kb. Plasmid DNA band spe-
cific to 6,557 bp has been found in Bacillus cereus
isolated from sewage water, air, fresh water, sea water
and milk.

Keywords: Bacillus Cereus; Antibiotic Resistance;
Heavy Metal Tolerance; RFLP; DNA Finger Printing

1. INTRODUCTION

The members of genus Bacillus encompass a great di-
versity of bacterial species and have a ubiquitous distri-
bution in the environment. Because of their resistant
spores and the capacity of vegetative cells to secrete a
wide variety of enzymes, this genus is important not
only for the production of commercially important bio
molecules (insecticides, enzymes, antibiotics, etc.), but
also as a source of spoilage or pathogenic organisms
transmitted through foods and beverages [1]. Bacillus
anthracis, Bacillus cereus, Bacillus thuringiensis are
members of the Bacillus cereus group of bacteria. They

differ widely in their phenotypes and pathological effects.

Bacillus cereus is probably a ubiquitous soil bacterium.
In contrast to their differences in phenotypes, by se-
quence analysis of nine chromosomal genes, Bacillus

anthracis can be considered as lineage of Bacillus cereus.

This is because of potential of horizontal gene transfer

within Bacillus cereus group [2]. The sequencing and
analysis of type strain Bacillus cereus ATCC 14579 was
reported [3]. The comparative analysis enabled to deter-
mine plasmid independent species specific marker. Ba-
cillus cereus produces beta-lactamases, unlike Bacillus
anthracis, and so is resistant to beta-lactum antibiotics; it
is usually susceptible to treatment with Clindamycin,
Vanomycin, Gentamycin, Chloramphenicol, and Eryth-
romycin [4].

Bacillus cereus which is ubiquitous in the environ-
ment and acting as a source of spoilage through air to
food samples needs suitable discriminatory typing me-
thods to facilitate epidemiological investigation. It is of
paramount importance to establish a more efficient, eas-
ily handled and more objective methodology. In recent
times various molecular tools are in experimental proto-
cols. The molecular techniques are major tools for the
analysis of micro organisms from food and other bio-
logical substances. These techniques provide ways to
screen for a broad range of agents in a single test [5].
Molecular techniques are used for rapid differentiation
of species and strain identification. Among them RFLP
fingerprinting technique is regarded as the most sensitive
method for strain identification. RFLP can replace AFLP,
RAPD in the estimation of genetic diversity [6]. In the
current study, the fingerprinting of Bacillus cereus from
diverse sources such as soil, sewage water, air, fresh
water, sea water and milk were studied by molecular
analysis in parallel with conventional phenotype based
methodologies.

2. MATERIALS AND METHODS

Six different samples viz., soil, sewage water, air, fresh
water, sea water and milk were collected only once from
in and around Chennai. The soil, water and milk samples
were serially diluted and spread on nutrient agar medium.
The bacteria were isolated from air by open plate me-
thod. All the plates were kept for 24 hours incubation at
37°C. The isolated bacterial colonies were purified to
homogeneity by quadrant streaking, stored in nutrient
agar slants and sub-cultured periodically. The bacteria
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isolated were identified based on physical characterisa-
tion and the biochemical tests outlined in Bergey’s Ma-
nual of Determinative Bacteriology [7].

The sensitivity/resistance of isolates to various antibi-
otics such as Amoxicillin (10 pg/ml), Chloramphenicol
(30 pg/ml), Kanamycin (30 pg/ml), Nalidixic acid (30
pg/ml), Penicillin (10 units/ml) and Streptomycin (25
pg/ml) were studied using microbial sensitivity disc (Hi-
Media) by disc diffusion method. 24 hours culture of
Bacillus cereus was swabbed on Nutrient agar plates
under sterile condition in laminar air flow and the anti-
biotics discs of appropriate concentration were placed on
agar plates and incubated at 37°C. After incubation for
24 hours, the plates were observed for growth. A clear
zone around the disc was evidence for antibiotic resis-
tance/susceptibility of the isolate. Diameter of the zones
of inhibition was measured in millimetres. Nutrient agar
plates without antibiotics served as control.

The tolerance of bacterial isolates to various heavy
metals such as Cobalt (Cobalt chloride), Iron (Ferrous
sulphate), Mercury (Mercury sulphate), Zinc (Zinc sul-
phate) and Lead (Lead acetate) was studied by inoculat-
ing loopful of overnight grown cultures on Nutrient agar
plates amended with 1, 3 and 5 mM concentrations of
heavy metals and incubated at 37°C. After 24 hours of
incubation, the plates were observed for growth. Nutri-
ent agar plates without heavy metal served as control.

The plasmid DNA was isolated based on alkali lysis
method [8]. The resulting DNA preparation was quanti-
fied by UV spectrophotometer and screened by agarose
gel electrophoresis and genetic diversity was estimated
by restriction endonuclease digestion.

3. RESULTS AND DISCUSSION

Bacillus cereus was isolated from six different samples
such as soil, sewage water, air, fresh water, sea water and
milk by crowded plate technique. All the isolates were
morphologically different in their growth in nutrient agar
medium at 37°C (Table 1; Figures 1 and 2) but they are
biochemically similar. In antibiotic resistance/ sensitivity
spectrum, Bacillus cereus isolated from different sources
such as soil, sewage water, air, fresh water, sea water and
milk samples were sensitive to antibiotics such as Chlo-
ramphenicol (30 pg/ml), Kanamycin (30 pg/ml), Nali-
dixic acid (30 pg/ml) and Streptomycin (25 pg/ml). All
Bacillus cereus isolates were resistant to Penicillin (10
units/ml) and Amoxycillin (10 pg/ml) (Table 2; Figures
3 and 4). The zone of inhibition of Amoxycillin, Chlo-
ramphenicol, Kanamycin, Nalidixic acid, Penicillin and
Streptomycin against different isolates of Bacillus cereus
was measured in millimetres using standard recommen-
dations. The zone of inhibition for Chloramphenicol,
Kanamycin, Nalidixic acid and Streptomycin against
Bacillus cereus obtained from soil was 9 mm, 7 mm, 4
mm and 8 mm respectively. The zone of inhibition for
Chloramphenicol, Kanamycin, Nalidixic acid and Strep-
tomycin against Bacillus cereus obtained from sewage
water was 9 mm, 8 mm, 6 mm and 8 mm respectively.
The zone of inhibition for Chloramphenicol, Kanamycin,
Nalidixic acid and Streptomycin against Bacillus cereus
obtained from air was 7 mm, 7. mm, 8 mm and 9 mm re-
spectively. The zone of inhibition for Chloramphenicol,
Kanamycin, Nalidixic acid and Streptomycin against Ba-
cillus cereus obtained from fresh water was 8 mm, 6 mm,

Table 1. Colonial morphology of Bacillus cereus isolates from diverse sources (Jonathan, 2004).

Bacillus cereus Isolate

S. Cultural

No characteristics Soil Sewage Air Fresh Water Sea Water Milk
Water

1. Medium Nutrient Agar Nutrient Agar Nutrient Agar Nutrient Agar Nutrient Agar Nutrient Agar

2. Colour Creamy Creamy White White Creamy Creamy

3. Shape Spherical Circular Circular Circular Circular Spherical

4. Size 1.6 mm 0.3 mm 0.4 mm 0.3 mm 0.9 mm 1.5mm

5. Surface Dull and dry Dull Dull Dull Dull Dull

6. Edge Rhizoid Entire Entire Entire Entire Undulate

7. Opacity Opaque Opaque Translucent Translucent Opaque Opaque

8. Degree of Growth Profuse Moderate Moderate Moderate Moderate Profuse

9. Elevation Flat Low convex Low convex Low convex Low Convex Low convex

10. Consistency Butyrous Friable Friable Friable Friable Friable

11. Emulsifiability Difficult Easy Easy Easy Easy Easy

Copyright © 2010 SciRes.
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Bacillus cereus from Soil

Bacillus cereus from Sewage water

Bacillus cereus from Air
Figure 1. Bacillus cereus isolate from diverse sources.
9 mm and 7 mm respectively. The zone of inhibition for

Chloramphenicol, Kanamycin, Nalidixic acid and Strep-
tomycin against Bacillus cereus obtained from sea water

Copyright © 2010 SciRes.

Bacillus cereus from Fresh water

Bacillus cereus from Sea water

Bacillus cereus from Milk
Figure 2. Bacillus cereus isolate from diverse sources.
was 9 mm, 6 mm, 6 mm and 7 mm respectively. The

zone of inhibition for Chloramphenicol, Kanamycin,
Nalidixic acid and Streptomycin against Bacillus cereus

ABB



S. Hemalatha et al. / Advances in Bioscience and Biotechnology 1 (2010) 136-144 139

1. Amoxycillin, 2. Chloramphenicol, 3. Kanamycin, 4. Nalidixic acid,
5. Penicillin, 6. Streptomycin

Figure 3. Antibiotic resistance/sensitivity spectrum of Bacillus
cereus isolate from diverse sources.

obtained from milk was 9 mm, 6 mm, 7 mm and 7 mm
respectively. Except Bacillus cereus from air and fresh
water all the other Bacillus cereus isolate have shown
maximum zone of inhibition (9 mm) for Chlorampheni-

Copyright © 2010 SciRes.

1. Amoxycillin, 2. Chloramphenicol, 3. Kanamycin, 4. Nalidixic acid,
5. Penicillin, 6. Streptomycin

Figure 4. Antibiotic resistance/sensitivity spectrum of Bacillus
cereus isolate from diverse sources.

col (Table 3). Therefore Chloramphenicol can be rec-
ommended for Bacillus cereus infections. Plasmid medi-
ated bacterium will exert resistance towards antimicro-
bials [9]. Therefore all the Bacillus cereus isolate should
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Table 2. Antibiotic Resistance /Sensitivity spectrum of Bacillus cereus isolate from diverse sources

Bacillus cereus Isolate

Antibiotics Concentration /ml
ve/mD Soil Sewage Air Fresh Sea Water Milk
Water Water

Amoxycillin 10 - - - - - _
Chloramphenicol 30 + + + + + +
Kanamycin 30 + + + + + +
Nalidixic acid 30 + + + + + +
Penicillin 10 - - - - - _
Streptomycin 25 + + + + + +

— Sensitive

+ Resistant

Table 3. The measurement of zone of inhibition of antibiotics against Bacillus cereus isolate from diverse sources.

Bacillus Antibiotics (g /ml)
cereus
Isolate Amoxycillin Chloramphenicol Kanamycin Nalidixic acid Penicillin Streptomycin
Soil -ve 9 mm 7 mm 4 mm -ve 8 mm
Sewage -ve 9 mm 8 mm 6 mm -ve 8mm
Water
Air -ve 7 mm 7 mm 8 mm -ve 9 mm
Fresh -ve 8 mm 6 mm 9 mm -ve 7 mm
Water
Sea Water -ve 9 mm 6 mm 6 mm -ve 7 mm
Milk -ve 9 mm 6 mm 7 mm -ve 7 mm
—ve Negative

possess plasmid DNA in their genetic makeup.

Bacillus cereus was also tested for their heavy metal
tolerance. Five heavy metals namely Cobalt (Cobalt
chloride), Iron (Ferrous sulphate), Mercury (Mercury
sulphate), Zinc (Zinc sulphate) and Lead (Lead acetate)
at a concentration of 1-5 mM were selected to conduct
present study. All the isolates were sensitive to Cobalt
and Mercury (Table 4; Figures 5, 6 and 7). Bacillus
cereus isolated from soil and air was sensitive to Iron at
5 mM concentration. Bacillus cereus isolated from fresh
water, sewage water and milk were sensitive to zinc at 3
mM concentration. All the isolate were sensitive to Zinc
at 5 mM concentration. Being sensitive no growth was
observed in their plates. These results revealed that the
presence of heavy metal such as Cobalt and Mercury
even at ImM concentration was highly toxic to Bacillus
cereus which is distributed widely in the environment
and food samples and they will pose a serious threat to
their metabolism in the natural environment. All the iso-
lates showed resistance to Lead. This could be attributed
due to the presence of plasmid. Transferable plasmid

Copyright © 2010 SciRes.

encodes resistance to various heavy metals [10]. In the
present work, a high frequency of resistance to heavy
metal was observed in Bacillus cereus isolated from se-
wage water.

Based on antibiotic resistance/susceptibility spectrum
and heavy metal tolerance spectrum of Bacillus cereus
isolated from different sources, it was not possible to
identify whether they belonged to same group or not.
Second level information for a bacterial cell other than
sequencing of bacterial genome can be obtained only by
using any of the molecular techniques. Therefore in the
present study Restriction Fragment Length Polymor-
phism (RFLP) was analysed to estimate genetic diversity
of Bacillus cereus from different sources and usefulness
of RFLP as an identification tool in the genus at sub spe-
cies level.

The native plasmid profile of all the six Bacillus cer-
eus isolates after alkali lysis was observed on 1% aga-
rose gel electrophoresis (Figure 8). All the Bacillus cer-
eus isolate have shown plasmid number ranging from
3-5. Bacillus cereus isolated from sewage water has 5
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1. Bacillus cereus from Soil, 2. Bacillus cereus from Sewage water, 3.
Bacillus cereus from Air, 4. Bacillus cereus from Fresh water, 5. Ba-
cillus cereus from Sea water, 6. Bacillus cereus from Milk

Figure 5. Heavy Metal tolerance spectrum of Bacillus cereus
isolate from diverse sources.

plasmid in number. The size of the plasmid DNA of dif-
ferent Bacillus cereus ranged from 3.0 kb-2.0 kb type as
compared with molecular weight marker DNA. Distinct

Copyright © 2010 SciRes.

1. Bacillus cereus from Soil, 2. Bacillus cereus from Sewage water, 3.
Bacillus cereus from Air, 4. Bacillus cereus from Fresh water, 5. Ba-
cillus cereus from Sea water, 6. Bacillus cereus from Milk

Figure 6. Heavy Metal tolerance spectrum of Bacillus cereus
isolate from diverse sources.

band pattern corresponding to 2.0 kb DNA was seen in
Bacillus cereus isolated from soil, sewage water and
fresh water. Though they are isolated from different
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Table 4. Heavy Metal Tolerance Spectrum of Bacillus cereus isolate from different sources.

. Bacillus cereus Isolate
Concentration (ug

Heavy metals

/ml
) Soil Sewage Air Fresh Sea water Milk
water water
1 - - - - - -
Cobalt(Cobalt chlo- 3 _ _ _ _ _ _
ride)

5 - - - - - -

1 + + + + + +

Iron (Ferrous sul- 3 + + + + + +

phate)

5 - + - + + +

1 - - - - - -

Mercury (Mercury 3 _ _ _ _ _ 3

sulphate)

5 — — — - - —

1 + + + + + +

Lead (Lead acetate) 3 + + + + + +
5 + + + + + +

1 + + + + + +

Zinc (Zinc sulphate) 3 + + + - - -
5 - - - - - -

—Sensitive
+ Resistant
Zinc (Zinc Sulphate)—1 mM Zinc (Zinc Sulphate)—3 mM

1. Bacillus cereus from Soil, 2. Bacillus cereus from Sewage water, 3. Bacillus cereus from Air, 4. Bacillus cereus from Fresh water, 5. Bacillus cer-
eus from Sea water, 6. Bacillus cereus from Milk

Figure 7. Heavy Metal tolerance spectrum of Bacillus cereus isolate from diverse sources.

sources, all the isolates have shown similar molecular tration ranging from 0.372 pg/ml-0.79 pg/ml (Table 5).
weight plasmid DNA. The DNA was quantified using Bacillus cereus isolated from air had the highest plasmid
UV spectrophotometry. All the isolates had DNA concen- DNA concentration (0.802 pg/ml) followed by

Copyright © 2010 SciRes. ABB
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Lane 1—1 Kb DNA ladder, Lane 2—Bacillus cereus from Soil, Lane 3
—Bacillus cereus from Sewage water, Lane 4—Bacillus cereus from
Air, Lane 5—Bacillus cereus from Fresh water, Lane 6—Bacillus
cereus from Sea water, Lane 7—Bacillus cereus from Milk

Figure 8. Gel photograph showing plasmid DNA profile of
Bacillus cereus.

Table 5. Determining concentration and purity of DNA.

Bacillus .
Absorbance Absorbance Concentration
Cereus -+ oD 260 nmat 0D 280 nm “289/280 ¢ BN A (ug/mi)
isolate
Soil 0.217 0.122 1.7 0.5425
Sewage 0.176 0.093 18 0.44
water
Air 0.321 0.182 1.76 0.802
Fresh 0.149 0.082 18 0.372
water
Sea water 0.316 0.175 1.8 0.79
Milk 0.170 0.090 1.8 0.425

Bacillus cereus from sea water (0.79 pg/ml) and Bacillus
cereus from soil (0.54 pg/ml). The DNA obtained by
alkali lysis was sufficient to carry out restriction diges-
tion since only nanogram quantity is required to carry
out RFLP. The DNA obtained was free of protein con-
taminants and RNA since absorbance ratio between 260
and 280 nm was 1.8 which determines pure DNA.

Type 1l restriction endonucleases are most important
tools in gene manipulation techniques. Hind 111 are very
useful in modern science particularly in DNA sequenc-
ing and mapping. Hind 11 restriction endonuclease per-
forms very specific cleavage of DNA and they cleave
only at their specific recognition site. Hind Il utilizes a
common mechanism of recognition and catalyses of
DNA found in other type Il enzymes such as Eco RI,
Bam HI and Bgl Il. Hind 11 restriction enzyme is suffi-
cient to generate unique fragment of DNA molecule.

Copyright © 2010 SciRes.

Lane 1—X/ Hind Il digest, Lane 2—Bacillus cereus from Soil, Lane 3
—Bacillus cereus from Sewage water, Lane 4—Bacillus cereus from
Air, Lane 5—Bacillus cereus from Fresh water, Lane 6—Bacillus
cereus from Sea water, Lane 7—Bacillus cereus from Milk

Figure 9. RFLP analysis of Bacillus cereus isolates.

Therefore in the present study, plasmid DNA was di-
gested with Hind Il restriction enzyme to analyse the
Restriction Fragment Length Polymorphism. The Hind
111 restriction of total plasmid resulted into 12-17 bands
in each isolate (Figure 9). Fragment length of all the
isolate lies between 23,130 bp and 2,027 bp. Bacillus
cereus isolate from soil, air, sea water and milk have
shown bands corresponding to 9,416 bp. Plasmid DNA
band specific to 6,557 bp has been found in Bacillus
cereus isolated from sewage water, air, fresh water, sea
water and milk. A clear distinct band corresponding to
2,027 bp has been observed in Bacillus cereus from air
and sea water. Bacillus cereus from soil and milk have
shown different restriction pattern to Bacillus cereus
from air, sea water, sewage water and fresh water. Ba-
cillus cereus from air and sea water belonged to the
same group whereas Bacillus cereus from sewage water
and freshwater are of same group. RFLP analysis has
shown variations among the different isolates but the
level of RFLP diversity among different Bacillus cereus
isolate was low. This may be due to non specificity of
restriction endonuclease.

4. CONCLUSIONS

The molecular approach in present study is complemen-
tary to traditional methods. RFLP based molecular ap-
proach has provided ways to screen whether the same
isolate from diverse origin belong to same group or not
in a single test rather than time consuming conventional
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phenotype based methodologies. The knowledge of ge-
netic diversity based on molecular approach will facili-
tate the study of relationship between them. Therefore,
the approach provided here is applicable to DNA finger-
printing of micro organisms. But in future, amplification
of any specific gene and their restriction digestion can be
carried out which could enable to detect polymorphism
in same isolate from diverse origin to a high frequency
level.
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