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ABSTRACT

Deep-fat frying at 180 °C or above is one of the fastest, oldest and simplest methods
used for food cooking. It involves heating an edible oil or fat, and uses the hot oil to
cook food. During deep- fat frying, the oil is exposed to elevated temperatures in the
presence of air and moisture. Under these conditions a series of complex reactions
such as oxidation,composition are taken place. The influence of these reactions results
from a number of their products including volatile compounds, hydrolysis products,
oxidized triacylglycerol monomers, cyclic compounds, trans configuration
compounds, polymers, sterol derivatives, etc. which are present in both frying oil and
the fried food. In addition, these reactions are interacted and influenced by various
impact factors such asreplenishment of fresh ail, frying conditions, origina quality of
frying oil, food materials, type of fryer, antioxidants, and oxygen concentration. High
frying temperature, the number of frying, the contents of free fatty acids, polyvalent
metals, and unsaturated fatty acids of oil decrease the oxidative stability and flavor
quality of oil. However, repeated use of frying oils produces undesirable constituents
that may cause health hazards.
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INTRODUCTION

It is well known that deep-fat frying is
a prevaent and old food cooking
method which can go back to 1600
BC. Although 180°C is usudly
recommended for frying foods, it is
aways higher than 180° C in the
practical deep-fat frying . Fast food
processing, palatable taste of fried food
and considerable economic benefit
make the deep-fat frying one of the
most popular food cooking methods
used. The fried food is endowed with
attractive flavor, golden pellicle and
crisp texture or mouth feel when it is
fired under the appropriate conditions
23 Under the established conditions of
fried material’s natural properties
corresponding sample handling, frying
can involve al of the components to
participate in a series of physical and
chemical dterations. These changes
not only include the decomposition
reactions of the constituents such as
the nutrients of raw material and
triacylglycerols (TAGs) of frying oil
oxidized TAGs with keto, epoxy,
hydroxyl, aldehyde and epoxy groups
saturated or unsaturated, but aso
include the inter-actions among these
constituents®9),

Moreover, deep-fat frying is a
complicated physicochemical
processes  which  simultaneously
influenced by many factors such as the
nature of fried material and frying oil,
time, temperature, intermittent or
continuous  heating, fresh  oil
complement, fryer model and use of
filters. Therefore, many products are
formed due to these complex substrates
and chemical conditions®.

The major reaction products and their
characteristics are shown in Table 1 for

direct and systematic understanding of
the whole deep-fat frying course. The
specific  product types and their
possible formation mechanisms are
elucidated blow. Frying is one of the
fastest, oldest and simplest methods of
food cooking, since it involves heating
on edible ail or fat and simply using
the hot oil to cook food during deep —
frying.

Qil is exposed to elevated temperatures
in the presence of air and moisture.
Under these conditions a number of
chemical reactions occur, including
oxidation, hydrolysis, cyclization, and
polymerization of unsaturated FA (fatty
acid) "® Deep- fat frying enhances the
sensory properties of food (color,
texture and flavors); however, repeated
use of frying oils produces undesirable
constituents that may pose hedth
hazards®. During frying, a number of
complex reactions take place in the ail,
which depend not only on the
biologica composition of the raw
material, but also on the choice of
ingredients and processing conditions
(frying method, heating time and
temperature used during frying, type of
fats and oils used etc.).

Oxidation of food lipids is one of the
main causes of deterioration of food
quality in terms of sensory and
nutritional values. It iswell known that
autoxidation is an  important
degradation  reaction  which s
attributed to the rancidity of oil and fat.
Rancid oils are a magor source of
destructive free radicals in our diet.
Exposure to air, heat, and light causes
oils to oxidize, becomes rancis, and
forms free radicals %19,
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There are numerous studies that report
changes in fats and oils after heating or
frying procedures?13),

Most of them conclude that such
changes depend on the temperature,
the heating cycles, the surface/ volume
and food/ail ratios, the fatty acid and
the antioxidant composition of the ails.
In general, deep- fat frying increases
foaming, color, viscosity, density, the

amount of polymeric and polar
compounds and the free fatty acid
content of frying oils®?.

During deep-fat frying various
deteriorative chemical processes (e.g.,
hydrolysis, oxidation, and

polymerization) take place, and oils
decompose to form volatile products
and nonvolatile monomeric and
polymeric compounds (Figure 1) 617,
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Figurel: Physical and chemical reactions that occur during frying

Chemicalreactions andtheir products
taken place during deep-fat frying

Hydrolysis

When food is fried in heated oil, the
moisture  forms  steam,  which
evaporates with a bubbling action and
gradually subsides as the foods are
fried. Water, steam, and oxygen
initiate the chemical reactions in the
frying oil and food. Water, a weak
nucleophile, attacks the ester linkage
of triacylglycerols and produces di-
and monoacylglycerols, glycerol, and
free fatty acids. Free fatty acids
contents in frying oil increase with the
number of frying as shown in (Figure
2)16.18) Free fatty acid value is used to

monitor the quality of frying oil. The
extent of hydrolysis is a function of
various factors, such as ail
temperature, interface area between the
oil and the agueous phases, and
amount of water and steam because
water hydrolyzes oil more quickly than
steam(g)'

Free fatty acids and low molecular
weight acidic products arising from fat
oxidation enhance the hydrolysisin the
presence of steam during frying (9.
Hydrolysis products, like al ail
degradation products, decrease the
stability of frying oils and can be used
to measure oil fry life, eqg., free fatty
acids.
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Figure 2: Hydrolysisreactionsin frying oils

Oil and fa is a mixture of
triacylglycerides (TAGs) which are
composed of one glycerol and three
groups of saturated or unsaturated fatty
acids with different carbon numbers.
Not only the natures of fatty acid, but
also the various combination positions
of fatty acids to glycerol molecule
would impact the reaction activity of
TAG.

Therefore, the TAG degradation
products mainly result from the
breakages occurred in the carbon-
carbon double bond (C——C) of
aliphatic chains and ester bond. These
compounds have a smaller molecular
weight compared with to of the parent
TAG and almost possess of volatility
such as the decomposition compounds

of lipid oxidation and TAG hydrolysis
3.

Oxidation

Edible fats containing unsaturated
molecules are susceptible to attack by
molecular oxygen. This process is
referred to as lipid oxidation and can
give rise to undesirable volatile flavour
compounds, potentially toxic oxidation
products and a general deterioration in
the quality of the fat. Fat oxidation is
influenced by a range of parameters,
including light exposure, temperature,
presence of prooxidant metals (Cu, Ni,
Co), presence  of  antioxidant
compounds, and the degree of
unsaturation of the fat®?.Oxidation of

edible oils is influenced by an energy
input such as light or heat, composition
of fatty acids, types of oxygen, and
minor compounds such as metals,
pigments, phospholipids, free fatty
acids, mono- and diacylglycerols,
thermally oxidized compounds, and
antioxidants. On the other hand
oxygen, which is present in fresh oail
and is introduced into the frying oil at
the oil surface and by addition of food,
activates a series of reactions involving
formation of free radicals, hydrope-
roxides, and conjugated dienoic acids.
The chemica reactions that occur
during the oxidation process contribute
to the formation of both volatile and
nonvolatile decomposition products.
For example, ethyl linoleate oxidation
leads to the formation of conjugated
hydroperoxides that can form noncyc-
ling long chain products, or they can
cyclize and form peroxide polymers.

The volatile degradation products are
usually saturated and monounsaturated
hydroxyl, adehydic, keto, and
dicarboxylic acids; hydroca-rbons;
acohols, adehydes, ketones, and
aromatic compounds are primarily
responsible for undesirable oxidized
(rancid) flavors - Oxidation of oil is
very important in terms of palatability,
nutritional quality, and toxicity of
edible oils (1622
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Oxidation Mechanisms of Fats and
Oils

The oxidation mechanism in frying oils
is similar to autoxidation at 250°C;
however, the unstable primary
oxidation products, hydroperoxides,
decompose rapidly a 190°C into
secondary oxidation products such as
aldehydes and ketones (Figure 1).
Secondary

oxidation products that are volatile
significantly contribute to the odor of
the oil and flavor of the fried food
(42)|f  the secondary oxidation
products are unsaturated aldehydes,
such as 2,4-decadienal, 2,4-nonadienal,
2,4-octadienal, 2-heptenal, or 2-
octenal, they contribute to the
characteristic fried flavor in oils that
are not deteriorated and can be
considered desirable!® . Different
chemical mechanisms are responsible
for the oxidation of edible oils during
process, storage, and
cooking,depending upon the types of
oxygen. Two types of oxygen can react
with edible oils. One is caled
atmospheric triplet oxygen, 302, and
the other is singlet oxygen, 102?>%),
Triplet oxygen, 30, reacts with lipid
radicals and causes autoxidation,
which is a free radical chain reaction.
The nonradical electrophilic singlet

100 keal/mol

|

50 keat/mol

oxygen does not require radicals to
react with; it directly reacts with the
double bonds of unsaturated fats and
oils with high electron densities, which
is called photosensitized oxidation(®:
23 Fats and oils should be in radical
forms to react with triplet oxygen in
autoxidation. Lipids are normally in
nonradical singlet state and heat,
metals, or light accelerates their radical
formation. Allylic hydrogen, especialy
hydrogen attached to the carbon
between 2 double bonds, is easly
removed due to low bond dissociation
energy®+%228) The carbon and
hydrogen dissociation energies are the
lowest at the bis-dlylic methylene
position®?), Bis-alylic hydrogen at
C11 of linoleic acid is removed at 75
to 80 kcal/mol. The energy required to
remove alylic hydrogen in C8 or C14
of linoleic acid is 88 kcal/mol, and 101
kcal/mol is necessary to remove akyl
hydrogen from C17 or C18 show
(Figure 3)®212)  Upon formation of
lipid radicals by hydrogen removal, the
double bond adjacent to the carbon
radical in linoleic and linolenic acids
shifts to the more stable next carbon,
resulting in  conjugated diene
structures. The shifted double bond
mostly takes the more
thermodynamically stable trans form.

73 kealfmol

|

CHz——(CHg)ly—CHy—CHy;—CH=CH—CHy—CH=CH—CH;—(CHy)s—CQOH
Figure 3: Energy required for hydrogen removal fromlinoleic acid

The lipid radical reacts with triplet
oxygen very quickly at normal oxygen
pressure (2 to 8 x 10%M/s) and forms
lipid peroxy radical. The lipid peroxy
radical abstracts hydrogen from other
lipild molecules to form lipid
hydroperoxide and another lipid
radical®?Y Rate of oxidation s
dependent on severa factors, including

temperature, presence of inhibitors or
catalysts, and nature of the substrates.
Unsaturated fatty acids are more
susceptible to oxidation than saturated
fatty acids. A property that is primarily
due to the lowered activation energy in
the initiation of free radical formation
for triplet oxyautoxidation. Hydroper-
oxides formed by singlet oxygen



SUST Journal of Natural and Medical Sciences (INMS)vol. 16 (1) 2015

ISSN (Print): 1858-6805

e-ISSN (Online): 1858-6813

oxidation are at positions that formerly
contained double bonds. Singlet
oxygen produced conjugated and
nonconjugated hydroperoxides from
linoleic and linolenic acids, but the
triplet  oxygen produced only
conjugated  hydroperoxides  from
linoleic and linolenic acids. The
reaction rates of singlet oxygen and
triplet oxygen with linoleic acid are
1.3x10° Mt st and 8.9 x 10t Mt s,
respectively (8,16,21,26)

Freeradical autoxidation
Autoxidation is an  important
degradation  reaction  which s
attributed to the rancidity of oil and fat.
Autoxidation depends on free-radical
chain reactions, which involve the
interaction of oxygen with free radicals
generated a  methylene  groups
adjacent to double bonds, especialy at
methylene groups between two double
bonds?”. Autoxidation  access  of
atmospheric oxygen to unsaturated
fatty acids or glycerides leads to
deterioration ~ through  oxidation.
Saturated and monounsaturated fatty
chains oxidize very slowly and do not
as a rule cause problems. Di -
unsaturated chains, as in 18:2 n-6,
oxidize more rapidly and
polyunsaturated chains very rapidly
@) The reaction of oxygen with
unsaturated lipids (RH) involves free
radical initiation, propagation and
termination  processes®.  Initiation
takes place by loss of a hydrogen
radical in the presence of trace metals,
light or heat. The resulting lipid free
radicals (R’) react with oxygen to form
peroxy radicas (ROOY). In this
propagation process, ROO: react with
more RH to form lipid hydroperoxides
(ROOH), which are the fundamental
primary products of autoxidation®®.
The primary products of lipid
peroxidation are  hydroperoxides
(ROOH), which can dissociate into
free radicals. Lipid hydroperoxides are
stable at physiological temperatures,

and amgjor role of transition metalsis
to catalyze their decomposition.
Transition metal ions catalyze
homolysis lipid hydroperoxides that
are cleaved to akylperoxyl radicals
(ROO-) bymetal ions in the oxidized
state such as ferric ion, whereas
reduced metal ions,such as ferrous ion,
lead to akoxyl radicals (RO-)@® %0
.The free radicals produced in these
processes are believed to stimulatethe
chain reaction of lipid peroxidation by
abstracting further hydrogen
fromunoxidized lipids.
Thermaloxidationandtheir products
Thermal oxidation,  which is
accelerated at the high temperature
used in deep frying, creates rancid
flavors and reduces the organoleptic
characteristics of fried food.During
frying, oils are degraded from thermal
oxidation to form volatile and non-
volatile decomposition products .The
chemical changes in frying oil aso
result in changes in the quality of fried
food 3. The fatty acid composition of
the frying oil is an important factor
affecting fried food flavor and its
stability; therefore, it should be low
level of polyunsaturated fatty acid such
as linoleic or linolenic acids and high
level of oleic acid with moderate
amounts of saturated fatty acid®> 39,
As aresult, the quality of frying oil is
important because of absorbed oil of
fried products during deep frying.
Soybean oil has a good nutritional
profile due to high level of unsaturated
fatty acid but less oxidative stability.
The chemistry of lipid oxidation at the
high temperatures of food processes
like baking and frying is highly
complex since both oxidative and
therma  reactions are involved
simultaneously. As the temperature
increases, the solubility of oxygen
decreases drastically, although
oxidation reactions are accelerated®,
(Figure 4) shows the well-known
scheme of the oxidation process. It
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proceeds via a free radical mechanism

molecule undergoing oxidation in one

partial conversion of fats and oils to

volatile chain- scission products, non
volatile oxidized derivatives, and
dimeric, polymeric, or cyclic
substances. There is some evidence
that high oxidized and heated fats may
have carcinogenic properties because
of potentially toxic substances ©.

Formation of Volatiles and Short-
Chain Bound Compounds during
Thermal Oxidation

An important route for formation of
new compounds is breakdown of
hydroperoxides giving rise to volatiles
and short-chain compounds attached to
the glyceridic backbone forming part
of non-volatile molecules. Whereas the
volatiles are largely removed from the
oil during frying and have implications
in the flavour of both the frying oil and
the fried food. The non-volatile
compounds remain in the frying oil

of chain reactions, where RH of its unsaturated fatty acyl
represents here the triacylglycerol groups”39),
Oz
Initiation »/\
_L... R~ Propagation ROO™
Termmyz \%
NON-POLAR
DIMER S l\‘
4’/ H™ OH" Termination
RO
OXIDISED i Il
MONOMERS SHORT-CHAIN-COMTAIMNING
VOLATILES
OXIDISED DIMERS Mphia
Core aldehydes
OLIGOMERS Others
Figured: Smplified scheme of thermal oxidation
Heating in the presence of air causes and ae absorbed by the food

modifying the oil nutritional and
physiological properties®>3) Thereisa
general acceptance on the mechanism
of formation of short-chain compounds
from the hydroperoxides formed
through autoxidation reactions. They
are originated by homolytic B-scission
of the alkoxy radicals coming from
allylic hydroperoxides. Homolytic -
scission takes place on both sides of
the alkoxy carbon through route A or B
(Figure5).

Through this mechanism two types of
aldehydes (volatile aldehyde and
esterified aldehydes) and an akyl or
akenyl radical are produced. Further
interaction of akyl and akenyl
radicals with other low molecular
weight radicals present in the ail
(H and OH ) contributes to ther
stabilisation to form acohols, and
hydrocarbons (1221
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Figure 5: Formation of short-chain compounds from allylichydroper oxidest® 29

Polymerization

The most likely decomposition
pathway of hydroperoxide is the
cleavage. Many nonvolatile polar
compounds and triacylglycerol
dimmers and polymers are produced in
thermaly oxidized oil by radica
reactions. Dimerization and
polymerization are major reactions in
the thermal oxidation in oil. Dimers
and polymers are large molecules with
a molecular weight range of 692 to
1600 Ddtons and formed by a
combination of -C-C- ' -C-O-C-,
and -C-0-0-C- bonds
® Polymerization occurs more easily
in oil with high linoleic acid than in
high oleic acid oil contents. C—-C bonds
are formed between 2 acyl groups to
produce acyclic dimers in heated oil
under low oxygen.The Diels-Alder
reaction produces cyclic dimers of
tetrasusbtituted cyclohexene, and
radical reactions within or between
triacylglycerols also produce cyclic
polymers. Polymers are rich in oxygen
and highly conjugateddines and
produce a brown, resin-like residue

(23 As polymerized products increase
in the frying oil, viscosity of the oil
also increases.Peroxide vaue (mg/kg)
analysis of primary oxidation products,
such as hydroperoxides, at any pointin
the frying process provides little
information because their formation
and decomposition fluctuate quickly
and are not easily predicted®?),
During frying, oils with
polyunsaturated fatty acids, such as
linoleic acid, have a distinct induction
period of hydroperoxides followed by
a rapid increase in peroxide values,
then a rapid destruction of
peroxides.Measuring levels of
polyunsaturated fatty acids, such as
linoleic acid, can help to determine
extent of thermal oxidation® reported
that oxidative degradation produced
oxidized  triglycerides  containing
hydroperoxide, epoxy, hydroxy, and
keto groups and dimeric fatty acids or
dimeric triglycerides.

Formation of cyclic fatty acids
during Thermal oxidation

Cyclization can occur in both the fatty
acyl chans in TAG and the
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decomposed fatty acids, as long as the
occurrence of C-C. Then epoxy-TAGs,
Cyclic fatty acid monomers (CFAM)
ring with only carbon atom also
present in the deep-fat frying system.
In spite of the low concentration of
these cyclic monomers present in the
frying  products®.The suspicious
latent biological hazard to the health of
consumer is a topic of worth
exploring®. Several vegetable oils
have been used to investigate the
influence thereof on the formation
amount of CFAMs and the results
indicated that frying oil with high oleic
acid had well frying effect and lower
CFAMs vyied®™3®_ 1t is well known
that C- C is essentia for cyclization;
however, the degree of cyclization,
content and composition of the formed
CFAMs during the deep-fat frying
course could be varied according to the
unsaturation degree, position and
configuration of C-C in different
unsaturated aiphatic chains of frying
oil %41 The mechanism proposed for

O Wy

HOOC (CHJ)» m

the formation of cyclic fatty acids in
heated oils involved a free radica
reaction. However, if this were indeed
to operate, it would probably produce
more isomers than were in fact found.
A recent publication by Destaillats and
Angers“?, suggested an explanation
that is more likely, i.e. thermally
induced and prototropic migrations.
As an illustration, the mechanisms for
formation of two of the isomers from
o-linolenate are shown in (Figure 6).
Thus, reaction of carbon C-10 with C-
14 results in the formation of a five-
memberedring by a pericyclic
rearrangement. The resulting
cyclopentenyl compound may then in
turn undergo a  sigmatropic
rearrangement with  double bond
migration and structural reorganization
to form a six-member ring with a
double bond between carbons 12 and
13. The mechanism correctly predicts
the stereochemistry of the new double
bonds in each case!*43),

H
10 14
HOOC(CHE)?)U\L
12

(\15 9 . 46

s FAY 1015

HOOC(CHz),~ 0 ‘\ » HOOC(CHz) R
H

Figur 6: Proposed mechanism for the formation of cyclic fatty acids from a-linolenate

Trans|somers

In fact, some of the aforementioned
cyclic monomers referred to cig/trans
isomerization belonged to the trans
isomers category. Except for the trans
cyclic compounds, there were severa
other kinds of transisomers. It iswell

known that trans isomers of fatty acid
have many adverse effects on human
health such as coronary heart disease,
sudden cardiac death “¥, and systemic

inflammation. However, the source of
transisomersisvery extensive in terms
of both raw food materials and food
products®>#®),  During the deep-fat
frying, al the breakage, shift and
formation of C- C involve the presence
of trans configuration.

Therefore, it is inevitable that the
formation of trans fatty acid during
vegetable oil heating or frying. Trans,
trans-2,4-decadienal which related to
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the induction of low density
lipoprotein oxidation was by-produced
in friedpotatoes“’*®. Fortunately, an
ordinary frying processin suitable time
using un-hydrogenated edible oils has
little impact on intake of trans fatty
acid from edible oils.With the increase
of frying time, the amount of trans
fatty acid increased but decreased
when butylated hydroxyanisole (BHA)
or phenolic extracts of dry rosemary
was added to the frying system “950) |
Oxysterol Formation during
Thermal Oixdation

Sterol derivatives as minor
components existing in the oils and
fats, sterols, mainly the phytosterols,
have many benefits to human
health®Y. The known kinds of sterols
are cholesterol (animal  sterol),
stigmasterol, sitosterol, campesterol,
brassicasterol, avenasterol, etc., which
broadly exist in various kinds of
food.As akind of triterpenod, 28 or 29
carbons and one or two C- C (the first
one in sterol nucleus and the second
one in the akyl side chain) are present
in the most phytosterols®?.
Autoxidation of cholesterol and
phytosterols is facilitated by many
factors, for example, temperature,
light, oxygen, free radical initiators,
metal ions, pro-oxidizing agents, and a
shortage of antioxidants.

= 7-Pcroxy radical
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Oxidation mechanisms of phytosterols
are believed to follow the same
pathways as cholesterol oxidation.
Formation of different oxysterols by
autoxidation, as documented by
experiments, proceeds through a free
radical chain reaction® The process
is initiated by abstraction of hydrogen
from allylic C7 in the ring structure of
cholesterol and tertiary carbons at the
C20 and C25 positions. The radicals
thus formed react with oxygen to
produce  corresponding peroxyl
radicals, which in turn are stabilized by
yielding different cholesterol
hydroperoxides.The thermal
decomposition of these hydroperoxides
produces 7a-hydroxy-, 73-hydroxy-, 7-
keto-, 20-hydroxy-, and 25-
hydroxycholesterol.  Epimeric  7-
hydroperoxides of cholesterol can also
attack the A5 double bond of
cholesteral, forming secondary
oxidation products of cholesterol, such
as epimeric epoxycholestanol. Both
epoxides, in turn are converted to 50-
cholesta-3[3,5,63-triol, through epoxy
ring opening by
hydration®.Concerning oxysterols in
fat and oil used for frying and cooking,
only six to eight components are
generally reported. Formation of the
main ring structure oxidation products
are shown in (Figure 7) with the
example of sitosterol 3,
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Figure 7: Formation of the main ring structure oxidation products from sitosterol
following the autoxidation pathway
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Table 1: The major reaction products formed during deep-fat frying, their
characteristics and proposed formation mechanism and identifying methods
according to the previously reported studies

Mainproducts and Proposad formation ldentifying methods
Characteristics mechanism
Oxidized decomposition Oxidation NMR & TD-GC-MS &
compounds Homolytic reaction (Free
(Degradation product; radica reaction).
volatility; alcohoal,
adehyde, ketone, acid,
lactone and hydrocarbon
etc,; short-chain
compounds) Hydrolysis
Hydrolysis
products(Degradation Oxidation GC
product; polar; Epoxidation Free radica (Gaschromatography)®®.
diacylglycerol (DAG), reaction.
monoacylglycerol (MAG),
glycerol and free fatty GC-MS 59 NMR 859,
acids). Cyclization
Intramol ecul ar
Oxidized TAG rearrangement catalyzed by

monomersOxidized TAGs
with keto, epoxy, hydroxyl,
aldehyde and epoxy groups
(saturate or unsaturate).

Cyclic fatty acid
monomers Nonpolar; low
concentration and latent
biological hazard; five- or
six-membered ring
structures  (saturate  or
unsaturate); monocyclic
and bicyclic rings, cis
andtransconfigurations.
Transisomers

Nonpolar; trans fatty acids,
conjugated linoleic acids;
adverse effects on human
health.

TAG polymerized
products
Dimmers, trimers and

oligomers, etc.

free radicals Concerted
reaction.
Free radicd reaction

(Addition-elimination
mechanism) Heat-induced
isomerization  Concerted
reactionOxidized.

polymerization and thermal
polymerization Free radical
reaction Concerted reaction
(Diels-Alder reaction).

Oxidation (Free radica
reaction) Polymerization.

Ag-HPLC , GC-MS ©9
GC-EI-MS ©D,

GC-MS ©2,

HPSEC (©364),
(65).

LC-EI-MS

GC-MS©9)
LC-APCI-MS®7 |

GC-MS® HPLC ©9),

11
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Sterol derivatives

Formed mainly result in
special molecule structure;
Hydroxy, keto and epoxy
group-contained

compounds; sterol

dimmers, trimers and
oligomers also present;

homol ogous.

CONCLUSIONS

During deep-fat frying various

deteriorative chemical processes (e.g.,
hydrolysis, oxidation, cyclization and
polymerization) take place, and oils
decompose to form volatile products
and nonvolatile monomeric and
polymeric compounds. With continued
heating and frying, these compounds
decompose further until breakdown
products accumulate to levels that
produce off-flavors and potentialy
toxic effects, rendering the ail
unsuitable for frying. The amounts of
these compounds that are formed and
their chemica structures depend on
many factors, including oil and food
types, frying conditions, and oxygen
availability.Also these processes may
reduce the amount of antioxidants in
the oil, decrease its stability and
produce new products which are
responsible for loss of the nutritional
value and quality of the oil (odour,
flavour, absorption, etc).The oxidized
products of fatty acids give off-
flavorrs and odors  (hydrolytic
rancidity) to the medium and fried
foods.Hydrolysis increases the amount
of free fatty acids, mono- and
diacylglycerols, and glycerols in oils.
Oxidation occurs at a greater rate than
hydrolysis during deep-fat frying.
Oxidation produces hydroperoxides
and then low molecular volatile
compoundssuch as aldehydes, ketones,

12

carboxylic acids, and short chain
akanes and akenes. Dimers and
polymers are also formed in oil by
radical and Diels-Alder reactions
during deep-fat frying. Replenishment
of fresh oil, frying conditions, quality
of frying oil, food materias, fryer,
antioxidants, and oxygen concentration
affect the quality and flavor of oil
during deep-fat frying.High frying
temperature  accelerates  thermd
oxidation and polymerization of
oilsFree radicals are now known to
play an important role in many areas of
biology and are therefore being
actively investigated in connection
with various human health problems.
Free radicals are in genera reactive
species that can be of benefit to an
organism, e.g.; the radicals produced
during phagocytosis, as well as a
liability, eg.; in producing DNA
damage, or lipid peroxidation. The
initiation step of thermally oxidation is
the main source for the presence of
free radicals. As a kind of reactive
intermediate, free radicals easily attack
other chemicals and capture ther
electro to form a more stable
substance. In the sight of this point of
view, the interpreting to the formation
of some volatile products, short-chain

compounds, oxi-dized TAG
monomers, CFAMS, trans isomers
polymers, heterocyclic compounds,

etc. is reasonable and acceptable.The
chemical changes in frying oil aso
result in changes in the quality of fried
food The fatty acid composition of the
frying oil is an important factor
affecting fried food flavor and its
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stability; therefore, it should be low
level of polyunsaturated fatty acid such
as linoleic or linolenic acids and high
level of oleic acid with moderate
amounts of saturated fatty acid "‘As a
result, the quality of frying ail is
important because of absorbed oil of
fried products during deep frying.
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ABSTRACT

Diabetes Médllitus is a common endocrine disease of multiple etiology. It is
characterized by chronic hyperglycemia with subsequent disturbance of
carbohydrates, proteins and lipids metabolism. Type 2 diabetes Méllitus and insulin
resistance syndromes are associated with an increased risk for cardiovascular diseases
and thrombotic complications. PT and APTT are hematological indices that predict
the coagulation status of patients This is a case control study aimed to determine
Prothrombin Time (PT) and Activated Partial Thromboplastin Time (APTT) in
patients with diabetes mellitus. This study was conducted at Jaber Abu Eleaz Center
and Turiskh Teaching Hospital in 2010 . One hundred diabetic patients (84 with type
2 and 16 with type 1 diabetes mellitus) were enrolled in the study with age ranged
between 5 and 75 years. Twenty apparently healthy non- diabetic subjects were
selected as a control group.An informed consent was obtained from each participant
before sample collection. A 25 ml blood specimen was collected from each
participant in EDTA container from which platelet poor plasma specimens were
obtained, then PT and APTT were determined using calibrated coagulometer ( Bio-
Bas). SPSS soft ware computer program was used for data anaysis (t-tests and
ANOVA tests).Significance level was set with p- value < 0. 05. 28% of patients with
age less than 36 years and 3 % with age less than 15 years. Insignificant
prolongation of PT and APTT was observed in patients compared to control but
within normal range. PT was ncreased from 14.14 + 0.512 to 14.4 + 1.18 secondsin
control and patients respectively. APTT was increased from 25.95 + 3.09 in control to
27.06 £ 3.92 seconds in diabetic patients. On the other hand, according to disease
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duration, PT of patients was within norma range, but APTT was prolonged
progressively with increased period of disease on set. No statistical difference in PT
of patients with type 1 compared to PT of type 2 diabetic patients. However, APTT
was increased from 26.51+ 3.4 seconds in patients with type 2 diabetes mellitus to
30.40 + 5.2 seconds in patients with typel. In conclusion, some prolongation of PT
and a true APTT was observed in diabetic patients compared to non diabetic control.
APTT prolongation is related to period of disease onset. Diabetic patients were
subjected to haemostatic abnormalities, accordingly routine coagulation tests are
recommended for better management of diabetes mellitus.

oaliiall
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KEYWORDS : Thrombosis, Diabetes Mellitus, Thrombin , coagulation.
pathways, integrating its five major

INTRODUCTION components (blood vessels, blood
Homeostasis is one of a number of platelets, coagulation factors, coagula-
protective processes which are evolved tion inhibitors and fibrinolytic
in order to mantan a stable elements) @,

physiological state. The haemostatic
system is a complex of activating or
inhibitory feedback or feed- forward

Prothrombin Time (PT) reflects the
activities of factors Il, V and factor X
which leads to formation of thrombin
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and fibrin polymerization takes place
and a clot is formed. Therefore PT is
sengitive to the activities of factors 11,
V, VII and X. International
Normalized Ratio (INR) is a derivative
of PT is useful to monitor
anticoagulation with warfarin. INR
=Patient PT/ control PT. Activated
Partial  Thrombin Time (APTT) is
affected by coagulationfactors of
intrinsic pathways ( factors 11, V, VIII,
IX. X, XI and XI1). APTT is a useful
screening tests @. Diabetes Mellitus
(DM) is a metabolic carbohydrates

disorder in which glucose is
underutilized producing
hyperglycemia.

Chronic hyperglycaemia may be due to
relative  insulin  deficiency, or
resistance or both. Type 1 diabetes
formally known as insulin dependent
diabetes mellitus (IDDM),
approximately 5%-10% of al individ-
uals have type 1 diabetes mellitus.
Type 2 diabetes melitus formally
known as non-insulin  dependent
diabetes mellitus (NIDDM). Type 2
diabetes comprises 90% of al
individuals with diabetes mellitus ©.

In Sudan, diabetes prevalence is 2.6%
©)

Undiagnosed DM is common in
Northern Africa with a prevaence
ranging between 18% to 75%, In
Nigeria and worldwide at large,
diabetes mellitus is a maor health
problem with about 90% of diabetic
patients with type 2 and only 10 %
with type 1 diabetes maellitus.
Increased plasma level of PT and
APTT are consistent with abnormal
coagulation mechanisms and may be
interpreted as a tendency of bleeding
and cardiovascular disorders.

Patients with diabetes mellitus with
persistent hyperglycemia exposes RBC
to eevated glucose concentration,
resulting in glycalation of hemoglobin,
prothrombin, fibrinogen and other
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proteins  involved in  clotting
mechanisms. Glycaation of intrinsic
and extrinsic clotting proteins will
decrease the availability of these
proteins which  affect the clotting
capacity ®. Insulin resistance is the
inability of insulin to stimulate glucose
up — take. Approximately 50% of
patients with Type 2 diabetes are
insulin resistance and they are
subjected to atherothrombotic risk
factors including changes in platelets,

coagulation and fibrinolytic pathway
.

Impaired fibrinolysis is found in
impaired glucose tolerance and type 2
diabetes and the risk of stroke and
myocardial infarction is considerably
increased in subjects with diabetes
mellitus ©. Severa studies of
fibrinolytic system in diabetes have
provided conflicting results , type 2
diabetes is often associated with
profound depression of
fibrinolysis”Endothelial abnormalities
play a role in the enhanced activation
of platelets and clotting factors are
seen in diabetic patients, coagulation
activation markers such as
fibrinogen, F VII, FXIl and VWF are
elevated in diabetes.®

MATERIALSand METHODS

This is a descriptive analytical case
control study aimed to determine PT ,
APTT and INR of Sudanese Diabetic
patients ( type 1 and type 2). The study
was conducted in Jaber Abu Eleaz
Center and Turkish Teaching Hospital
in 2010. One hundred diabetic patients
of both sex and with different age
group were enrolled in the study after
fulfilling clinical diagnosis of type 1
and type 2 diabetes mellitus.

Twenty apparently healthy individuals
were selected as a control group.
Clinical data was collected through a
designed questionnaire. A  written
consent was obtained from each
participant before blood sample
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collection. 2.5 ml of venous blood was
collected in aqueous trisodium citrate
pentahydreate in 1.9 ratio of
anticoagulant .Platelet poor plasma (
PPP) was prepared by centrifugation of
citrated blood at 3000rpm for 15
minutes.

Coagulom-eter ( Bio- Basl ) was used
for PT and APTT Determination
following the instructions provided by
Dia Med AG Company — Switzerland.
The coagulometer was caliberated

accord-ing to Standard Calibration
Manual approved by Ministry of
Health — Khartoum - Sudan. SPSS
software program version 11.5 was
used for T-test and one way ANOVA
tests, significance level wasset at p <
0.05.

RESULTS

Out of 100 patients, 28% were less
than 45 years of age and 3% showed
agerange of 5 - 15 years (table 1).

Tablel: Distribution of Diabetic Patients according to age

Age group (years) Percentage
5-15 3.0

16-25 9.0

25- 35 13.0

36- 45 28.0

46-55 25.0

56-66 16.0

66-75 6.0

Total 100

42% of the patients with disease on set between 1 to 5 years, 30% with disease on set

between 6 to 10 years (Table 2).

Table 2: Distribution of Diabetic Patients according to duration of disease onset

Duration of DM Percentage
(years) %

1- 5 42

6-10 30

11- 15 11

16-20 11

21- 25 4

26-30 2

Total 100

PT showed no significant difference between diabetic patients and control. True

increase of APTT with prolonged duration.

Table.3:PT and APTT of Diabetic Patients compared to control group
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Study group Diabetic patients Control N= 20 P- value
N =100. meant SD meant SD

Parameter

PT (seconds) 1442+ 1.18 14.14 + 0.512 0.699

APTT (seconds) 27.06 £ 3.92 25.95+ 3.09 0.237

Insignificant prolongation in PT and APTT of patients compared to control (table)(p
= 0.699 and 0.237) respectively. According to disease duration, PT was within normal
range but APTT was prolonged progressi-vely with duration of disease onset (table

4).

Table 4. PT and APTT of diabetic patients with different disease duration

Duration of DM N Mean + SD P - value
(years)
PT 1-5 42 1422+ 1.11 0.743
(seconds) 6-10 30 14.40 + 1.46 0.448
11-15 11 13.81+1.12 0.279
16-20 11 14.94 + 0.68 0.114
21-25 4 13.60 + 0.68 0.080
26-30 2 14.55 + 0.92 0.318
control 20 1414+ 0.51
APTT 1-5 42 26.38 + 3.69 0.652
(seconds) 6-10 30 2691+3.34 0.311
11-15 11 27.86+4.23 0.162
16-20 11 27.78 £ 5.09 0.224
21-25 4 29.05+6.20 0.138
26-30 2 31.15+1.48 0.032
control 20 25.95 + 3.09

Insignificant difference in PT of patients with type 1 diabetes mellitus compared to
PT of patients with type 2. However, APTT was significantly prolonged in patients
with type 1 compared to APTT of patients with type2 DM (Table5).

Table 5: Comparison between PT and APTT of type 1 and type 2 diabetic patients

Type of DM N Mean + SD P - value
PT : Typel 14 14.64+1.8 0.234
(seconds) : Type 2 86 14.17 + 1.05 0.862

: control 20 14.14 + 0.521
APTT : Typel 14 30.40+5.2 0.004
(seconds) : Type?2 86 2651+ 34 0.500

: control 20 25.95+ 3.09

present study showed insignificant

DISCUSSION prolongation of PT and APTT of

Our study showed that 42 % from total
diabetic patients with disease duration
of less than 5 years which reflects
progressive increase in number of
diabetic patients. Hassan in (2009 )
reported that 40% of diabetic patients
in Saudia Arabia with disease duration
of less than 5 years. The results of the
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diabetic patients compared to control.
Similar findings were reported by
Abdeulrahman and Dallatu®, they
stated that both PT and APTT of
treated  diabetic  patients were
insignificantly different compared to
non diabetic group. However, Hassan
study showed significant prolongation



SUST Journal of Natural and Medical Sciences (INMS)vol. 16 (1) 2015

ISSN (Print): 1858-6805

e-ISSN (Online): 1858-6813

of PT (p value = 0.02) in Saudi
patients which disagreed with our
study which showed no significant
results, but APTT was insignificantly
prolonged which was in consistent
with our findings . The same author
stated that in various reports plasma
PT levels were found to be either
decreased or increased according to the
type of diabetes, while reduced plasma
APTT levels have been described in
patients with type 1 diabetes mellitus
and elevated in patients with type 2
diabetes mellitus and both coagulation
and fibrinolysis are enhanced
concomitantly in patients with diabetes
mellitus. Furthermore Erem et al. ©,
concluded that PT was significantly
prolonged in type 2 diabetic patients
compared to healthy subjects which
disagreed with the present results .
Although a study by Alao et al.9, in
Nigeria, revealed a sSignificant
prolongation in PT and APTT in
diabetic patients compared to non-
diabetic control but the values were
within normal limits, which disagreed
with our findings. The same authors
reported that prolongation of PT and
APTT suggest that diabetic patients
may be prone to hemorrhagic
complications and  hypercoagulable
tendency resulting from a shift of
thrombo - hemorrhagic balance in
favor of thrombosis. According to
Hassan ), hyperglycemia has been
considered to be the causative factor of
the abnormalities of the anticoagulant
pathway and enhanced activation of
the clotting system has been previously
reported in patients with typel and 2
diabetes mellitus and patients with type
2 diabetes mellitus had hypercoa-
gulable state and hypofibrinolysis
thereby increasing the risk of CVD of
type 2 diabetic patients. Abdeulra-
hman and Dallatu®), reported that in
patients with diabetes méllitus,
abnormalities in coagulation hemostat-
sis, platelets dysfunction and reduced
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activity of  fibrinolytic  system
collectively accelerate atherogensis,
increase in tissue factor (TF) and
subsequent conversion of inactive
factor VII to active factor VII which
triggers the extrinsic pathway which
leed to activation in PT, and the
increase in the intrinsic pathway
proteins and activation of blood
coagulation mechanisms are consistent
in diabetic patients. Stegenga et
al.!D reported thatHyperglycemia
selectively  stimulates  coagulation
irrespective of insulin level, whereas
hyperinsulinemia inhibits fibrinolysis
by enhancing plasminogen activator
inhibitor 1( PAI-1) secretion, hence the
presence of both hyperglycemia and
hyperinsulinemia such as in type2
diabetes mellitus has a strong
procoagulant effect by enhancement of
coagulation simultaneous inhibition of
fibrinolysis.*? In subjects with normal
glucose tolerance, elevated levels of
fasting insulin are associated with
increased circulating of PAl-1llevels,
providing further evidence for a link
between hyperinsulinemia  and
impaired fibrinolysis, also coagulation
activation markers, including
thrombin-antithrombin complexes
(TATcs) have been found to be
elevated in patients with type 2
diabetes™), Moreover, Meigs et al.
(12 observed a strong positive
association between levels of fasting
insulin and levels of PAI -1 antigen, t-
PA antigen, factor VII antigen, VWF
anigen and fibrinogen, suggesting a
mechanism for increased risk factor for
CVD and acute thrombosis associated
with hyperinsulinemia.Eilasson et al
©®) reported thatincreased plasma
levels of PAI-1 were strongly related
to the development of diabetes
independent from insulin resistance,
the possibility of elevated PAI-1 being
a very early risk marker of diabetes.
Furthermore , haemostatic variables
related to endothelial function such as
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VWF and factor VIII aso predicted
diabetes especially in women. The
results of the present study showed no
significant difference of PT and APTT
according to disease duration, but
APTT prolongation was consistent
with duration of disease , ( 21 — 30
years) - latest stage with expected
complications - accordingly an
association between and duration of
disease onset and APTT may be
present. Binaya et al. ¥, concluded
that association of APTT with duration
of diabetes mellitus is not significant (
p > 0.05). Insignificant difference in
PT of patients with type 1 diabetes
mellitus compared to patients with type
2. APTT of type 1 diabetes mellitus
was significantly prolonged compared
to APTT of patients with type 2
diabetes mellitus.( p < 0.004 ). In an
epidemiological study in Wisconsin
and after ten years follow up of type 1
diabetic patients , for every one
percent  increase in  glycated
hemoglobin, the risk for CVD nearly
doubled¥

According to the present results PT
and APTT failed to detect
hypercoagulable state of diabetes.
Other factors deficiency or presence of
coagulation inhibitors could interfere
with  APTT prolongation 19
Furthermore Alao et al., suggested that
PT prolongation could be possibly alter

in vivo- pathways that may
occasionally tilt thrombotic-
hemorrhagic balance in favor of

hemorrhage in some diabetics.
CONCLUSIONS

PT and APTT of diabetic patients were
prolonged compared to non diabetic
control subjects. APPT was prolonged
progressively with increased duration
of disease on set. PT of type 1 and type
2 diabetic patients was within normal
range, but APTT of type 1 diabetic
patients was prolonged compared to
patients with type 1 diabetes mellitus.
Diabetes mellitus affects haemostatic
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mechanisms particularly with increase
period of disease on set. Coagulation
profile assay is recommended for
better management of diabetes
mellitus.
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ABSTRACT

A simple, facile, procedure for the synthesis of pyrazolo[1,5-a]pyrimidines,
triazolo[1,5-a] pyrimidines and primido[1,2-albenzimidazoles ring systems
incorporating a phenylsulfonylbenzothiazole moiety was developed via the reaction of
1-(benzothiazol-2-yl)-3-N,N-(dimethylamino)-2-(phenyl sulphonyl) prop-2-en-1-one
with  substituted  4-arylazo-3,5-diaminopyrazoles, 3-amino-1,2,4-triazole, 2-
aminobenzimidazole, 1H-benzimidazol-2-ylacetonitrile and 5-amino-1H-pyrazole
derivatives. Antimicrobial and antifungal activities of some new products were
evaluated.
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KEYWORDS: Pyrazolo[1,5-a]pyrimidines; pyrimido[ 1,2-a]benzimidazoles; 5-amino-
1H-pyrazole

INTRODUCTION fqrmed from fusion of the ary_l and
thiazolyl rings. They have diverse
interesting medical and industrial
applications?. Many studies on the
synthesis and anti-tumor activity of

Benzothiazoles are one of sulfur and
nitrogen-containing aromatic
heterocyclic compounds, which are
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benzothiazole derivatives displayed a antirheumatic and  antiglutamate
potent and a selective anti-tumor activities®19, Enaminones constitute
activity against different types of an interesting class of compounds that
tumors such as breast, ovarian, lung, are versatile for the synthesis of a great
renal cel lines, and colon cancer. variety of heterocyclic and aromatic
Moreover, those studies aso compounds 4. Their structural
demonstrated  that  benzothiazole features constitutes many compounds
derivateives  have  antimicrobial, of anticonvulsve @ and anti-
antitubercular, anti-inflammatory, histaminergic activities!®,

: ~ : _
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Conventional method : 8h, EtOH92-94%9%6 conversion yield
Microwave method : 20 min, EtOH ,83-88%b6 conversion yield

Scheme 1
The reactivity of the enaminosulphone which is due to the delocalization of
2, in general, can be attributed to the the lone pair of electrons on the
fact that their molecules have two nitrogen aom in addition to
electron centers at C-1 and C-3 along conjugation with the sulfone group as
with one electron rich center at C-2 shown in (Figure 1).
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Figure 1:
MATERIALSand METHODS a Vaian Mercury VX-300 NMR
Melting points were taken on spectrometer. *H spectra were run at
Electrothermal 1A 9000 series digital 300 MHz in deuterated
melting point apparatus. The IR dimethylsulfoxide [D6] DMSO. Mass
spectra (KBr) were recorded on a Spectra were measured on a Varian
Shimadzu CVT-04 spectrophotometer. MAT CH-5 spectrometer (70 eV).5-
The 'H NMR spectra were recorded on amino-1H-pyrazole derivatives 3ab
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and 4d*", 4-arylazo-3,5-diaminopy-
razoles 8a,b(® were prepared accord-
ing to the reported literature. In the
present study, the starting compound
enaminone 2 was readily obtained by
the reaction of equimolar quantities of
1-(benzothiazothiazol-2-yl)-2-
phenylsulfonyl-1-ethanone(1) with
dimethylformamide-dimethylacetal
(DMF-DMA) in toluene under reflux
and under microwave condition
(scheme 1). The structure of 1-
(benzothiazol-2-yl)-3-N, N-
(dimethylamino)- 2- (phenyl
sulphonyl)prop-2-en-1-one  (2) was
confirmed by their elemental analyses
and spectral data. For example, the H
NMR spectrum of 2 displayed a singlet
signal atd 3.05 due to N,N-dimethyl
protons, singlet at & 7.87 due to
olefinic proton, in addition to an
aromatic protons multiplet in the
region 6 7.35-8.03.

Reaction ofenaminone 2with 5-
amino-3-aryl-4-substituted pyrazole
3a-c, 4d and 8a,b

(A)-Thermal method:

General procedure:

To amixture of the enaminone 2 (3.72
g, 10 mmol) and the appropriate
aminopyrazole derivative (10 mmol),
in absolute ethanol (25 ml), few drops
of piperidine was added and the
reaction mixture was refluxed for 6
hrs. The solid product was filtered off,
washed with ethanol and recrystallized
from ethanol/DMF to afford the
pyrazolo[1,5-a]pyrimidine derivatives
7a-d and 10a,b.

(B)-Microwave method (MW):
General procedure:

To a mixture of the enaminone 2
(0.372 g, Immol) and the appropriate
aminopyrazole derivatives (1 mmol),
in absolute ethanol (2.5 ml), few drops
of piperidine were mixed in a process
vid. The via capped properly and
irradiated with microwave under
conditions (17.2 bars, 130 °C) for 20
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min. The solid product was filtered off,
washed with ethanol and recrystallized
from ethanol/DMF to afford the
pyrazolo 1,5-a]pyrimidine derivatives
7a, and 10a

The physical and spectra data of the
synthesized compounds 7ad, and
10ab (therma and MW) are listed
below

2-(2-phenyl-6-
(phenylsulfonyl)pyrozolo(1,5-
a)pyrimidin-7-yl)benzothiazole (7a)
Yied 71% (thermaly), 89% (MW);
mp. 228-230°C. IR (KBr) Umax /cmL:
1596 (C=N). 'H NMR (DMSO-dy):
07.07 (s, 1H, pyrazole-3-CH), 7.44-
838 (m, 14H, ArH’s), 9.25(s,
pyrimidine-5-CH).13C NMR (DMSO-
de): 93.31, 121.52, 121.78, 124.32,

125.98, 127.32, 12853, 128.13,
12948, 129.12, 131.31, 133.08,
133.21, 13394, 14154, 148.05,
153.65, 154.72, 156.31, 155.31,
162.81. MS (m/2): 468 (M*, 100%), 77
(36.2%). Anal. Cacd for

CxHisN4O2S: C, 64.08: H, 3.44, S,
13.69; N, 11.96%. Found: C, 63.92; H,
3.52, S, 13.57; N, 11.66%.

2-(2-(4-Chlorophenyl-6-
(phenylsulfonyl)pyrozolo(1,5-
a)pyrimidin-7-yl)benzothiazole(7b)
Yield 75%; mp. 224-226°C. IR (KBr)
Umax /cm~L 1596 (C=N). H NMR
(DMSO-de): 6 6.71 (s, 1H, pyrazole-3-
CH), 7.45-8.17 (m, 13H, ArH’s),
9.22(s, pyrimidine-5-CH). MS (nv2):
502 (M*, 100%), 77 (36.2%). Anal.
Cacd for CaxsHi1sN4ClO2S; : C, 59.70;
H, 3.01, S, 12.75; N, 11.14%. Found:
C, 59.62; H, 312, S, 12.69; N,
11.10%.

2-(6-phenylsulfonyl)-2-(4-
methylphenyl)pyrazolo[1,5-
a]pyrimidin-7-yl)benzothiazole(7c)
Yield 75%; mp. 190°C. IR (KBr) Umax
Jem~1: 1594 (C=N). 'H NMR (DM SO-
ds): 0 2.31(s, 3H, CH3), 6.69 (s, 1H,
pyrazole-3-CH), 7.29-8.20 (m, 13H,
ArH’s), 9.24 (s, pyrimidine-5-CH). MS
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(m/2): 482 (M*, 100%). Anal. Cacd
for CosH1sN4O2S : C, 64.71; H, 3.76,
S, 13.29; N, 11.61%. Found: C, 64.68;
H, 3.72, S, 13.31; N, 11.66%.

7-(-benzothiazol-2-yl)-6-
(phenylsulfonyl)pyrozolo(1,5-
a)pyrimidine-3-carbonitrile (7d)
Yield 73%; mp. 128-129°C. IR (KBr)
Umax /ocm1: 1596 (C=N),2194 (C=N).
'H NMR (DMSO-ds): 8 8.77 (s, 1H,
pyrazole-2-CH), 7.43-8.20 (m, 9H,
ArH’s), 9.25 (s, pyrimidine-5-CH). MS
(m/2): 417 (M*, 100%), 77 (36.2%).
Anal. Calcd for CxoH1iNs0.Sy: C,
57.54; H, 2.66, S, 15.36; N, 16.78%.
Found: C, 57.52; H, 2.59, S, 15.37; N,
16.79%.

7-(Benzothiazol-2-yl-3-
phenyldiazenyl)-6-
(phenylsulfonyl)pyra-zolo[1,5-
alpyrimidine-2-amine (10a)

Yield 66% (thermally), 86%(MW);
mp. 270-269°C. IR (KBr) Umax /cm~L;
3398, 3277 (NHy), 1588 (C=N). H
NMR (DMSO-dg): 8 6.48 ('S, 2H, NH>,
D>O exchangeable), 7.44-822 (m,
14H, ArH’s), 9.23 (s, pyrimidine-5-
CH). MS (m/2): 511 (M*, 100%), 77
(46.1%). And. Cacd for
CxH17N702S: C, 58.69:;; H, 3.35,
S,12.54; N, 19.17%. Found: C, 58.41;
H, 3.28, S, 12.42; N, 19.22%.

7-(Benzthiazol-2-yl)--3-(p-
tolyldiazenyl)-6-
(phenylsulfonyl)pyrazolo[1,5-
a]pyrimidin-2-amine (10b)

Yield 68%; mp. 224-226°C. IR (KBr)
Umax /cm—1: 3408, 3297 (NH,), 1588
(C=N). IH NMR (DM SO-de): 8 2.30(s,
3H, CHa3), 6.68. s, 2H, NH>, D20
exchangeable), 7.43-8.20(m, 14H,
ArH’s), 9.25 (s, pyrimidine-5-CH). MS
(m/2): 525 (M*, 100%), 77 (16.1%).
Anal. Calcd for CasHi1aN702Sy: C,
59.41; H, 3.64, S, 12.20; N, 18.65%.
Found: C, 59.39; H, 3.62, S, 12.23; N,
18.67%.
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Reaction of enaminone 2 with 3-
amino-1,24-triazole (11), 2-amino-
benzimidazole  (14) and 2-
cyanomethylbenzimidazole (17)
(A)-Thermal method:

General procedure:

To a mixture of enaminone 2(3.72 g,
10 mmol)and the  appropriate
heterocyclic amines (3-amino-1,2,4-
triazole (11), 2-aminobenzimidazole
(14) or 2-cyano-methylbenzimidazole
(17)) (10mmol) in pyridine (25 ml)
was refluxed for 12 h, and left to cool.
The solvent was evaporated in vacuo
and the residual solid was taken in
ethanol and collected by filtration,
washed with water, dried and finaly
recrystallized from DMF/H20 to afford
the corresponding triazolo[ 1,5-
a]pyrimidine, pyrimido[1,2-
albenzimidazole or  pyrido[1,2-a]
benzimidazole derivatives 13, 16
and19 respectively..

(B)-Microwave method (MW):
General procedure:

To a mixture of enaminone 2(0.372 g,
1 mmol)and the  appropriate
heterocyclic amines (3-amino-1,2,4-
triazole (11) and 2-
aminobenzimidazole (14)) (Immoal) in
pyridine (2.5 ml) were mixed in a
process vial. The via capped properly
and irradiated with microwave under
conditions (17.2 bars, 130 °C) for 20
min. The solvent was evaporated in
vacuo and the residual solid was taken
in ethanol, collected by filtration,
washed with water, dried and finally
recrystallized from DMF/H20 to afford

the corresponding triazolo[1,5-
a]pyrimidine, pyrimido[1,2-
albenzimidazole  or pyrido[1,2-

albenzimidazole  derivatives 13
andl16respectively.

The physical and spectra data of the
synthesized compounds (therma &

MW) 13, 16,and19 are listed below.
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2-(6-(Phenylsulfonyl)-[1,2,4]-
triazolo[1,5-a]pyrimidin-7-
yl)benzothiazole (13)

Yield 63% (Thermally), 88%(MW);

mp. 155°C. IR (KBr) umax /cm—1: 1611
(C=N). 'H NMR (DMSO-d6): & 7.21-
813 (m, 9H, ArH’s), 8.60 (s,
1H triazole-2-CH), 9.11(s, pyrimidine-
5-CH). MS (m/2): 393 (M*, 100%), 77
(31.5.1%). Ana. Cacd for
CisH11NsO2S: C, 54.95; H, 2.82, S,
16.30; N, 17.80%. Found: C, 54.89; H,
2.86, S, 16.26; N, 17.83%.

3-(Benzothiazol-2-yl)(2-
(phenylsulfonyl)pyrimido[1,2-
albenzimidazole (16)

Yidd 73%(Thermaly), 92%(MW);

mp. 262-263 °C. IR (KBr) Umax /cm—1:
1620 (C=N).

IH NMR (DMSO-d6): & 7.57-8.75 (m,
13H, ArH’s), 9.21 (s, pyrimidine- 1-
CH). 3C NMR (DMSO-de): 3 114.33,
118.72, 119.79, 120.60, 12259,
12352, 123.78, 126.93, 127.23,
127.37, 127.82, 128.64, 132.98,
13555, 14253, 143.74, 14551,
151.11, 152.93, 163.95. MS (m/2): 442
(M*, 100%), 77 (12.9%). Anal. Calcd
for C23H14N4O2S: C, 62.43;; H, 3.19,
S, 14.49; N, 12.66%. Found: C, 62.41;
H, 3.25, S, 14.52; N, 12.59%.

3-(Benzothiazol-2-yl)(2-
(phenylsulfonyl)pyrido[1,2-
albenzimidazole-4-car bonitrile (19).
Yield 75%; mp. 214 °C. IR (KBr) Umax
jem1: 2233 (C=N), 1598 (C=N). H
NMR (DMSO-d6): 6 7.48-8.53 (m,
13H, ArH’s), 9.23 (s, 1H,pyridine-1-
CH). MS (m/2): 466 (M*, 80.3%), 263
(100%), 161 (10.5%), 77(13.6%).
Anal. Cacd for CxsH14N402S: C,
64.36; H, 3.02, S, 13.75; N, 12.01%.
Found: C, 64.37; H, 3.05, S, 13.69; N,
12.03%.

RESULTS and DISCUSSION
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The behavior of the enaminone 2
towards some nitrogen nucleophiles
such as aminopyrazole derivatives as
potential precursors for the synthesis of
interesting biologically active
pyrazolo[1,5-a]pyrimidines®™®  was
aso investigated. Thus, when the
enaminone 2 was treated with
substituted 5-amino-1H-pyrazole
derivatives 3a,b and 4, in ethanol in the
presence of catalytic amount of
piperidine under reflux and microwave
conditions, they  afforded the
corresponding pyrozolo[1,5-
ajpyrimidine derivatives 7ad in
almost quantitative yield (Figuer 2).

The structure of compound 7a-d was
established on the basis of ther
elemental analyses and spectral data.
For example, the mass spectrum of
compound 7a, revealed a molecular ion
peak at m/z 468. 'H NMR spectrum
revealed a singlet signal at & 9.25 due
to pyrimidine proton (CH-5) in
addition to aromatic protons as a
multiplet at 6 7.44-8.38.

The IR spectrum of the same
compound showed no peak due to
carbonyl absorption. The IR spectrum
of compounds 7d revealed a band near
2194 cm™due to CN absorption (see
Experimental  part).Moreover, the
structures of compounds 7a-d was
further supported by independent
synthesis from the reaction of 1-
(benzothiazothiazol-2-yl)-2-

phenylsulfonyl-1-ethanone (1) with the
heterocyclic amines 3ab and 4 and
triethyl orthoformate, in the presence
of a catalytic amount of piperidine in
one pot reaction, which afforded
products 7a-d identical in all respects
(m.p., mixed m.p. and IR spectra) with
those obtained from the reaction of the
enaminone 2 with 5-amino-1H-
pyrazole derivatives (Scheme 2).
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Similarly, the enaminone 2 react with

4-arylazo-3,5-diaminopyrazoles  8a,b pyrimidines 10ab (Figure 3). The
under the same  experimenta structure of product 10ab was
conditions, to afford the corresponding established on the basis of their
polysubstituted pyrazolo[1,5-a] elemental analyses and spectral data.
el P S

10 a,b

Conventional method : 6 h, EtOH,63-66% conversion yield
Microwave method : 20 min,EtOH,84-86%6 conversion yield

a CgHs
b | CeHACH3-p

Figuer 3:

The enaminone 2 react also with 3- plausible mechanism for the formation
amino-1,2 4-triazole (11), in refluxing of compound 13 is outlined in (Scheme
pyridine, to afford 2-(6- 4). Compound 13 was assumed to be
phenylsulfonyl-[1,2,4]-triazol o[ 1,5- formed via an initid Michael-type
a]pyrimidin-7-yl)benzothiazole  (13) addition of the amino group of 3-
(Figuer 4). The 'H NMR spectrum of amino-1,24-triazole (11) to the
13 revealed a singlet signal at d 9.11 activated double bond in the
due to pyrimidine proton (CH-5) in enaminone 2 and followed by
addition to aromatic protons as a elimination of dimethylamine and
multiplet signals at region at & 7.21- water molecule from the non-isolable
8.13. The IR spectrums of the same intermediate 12 to afford the final
compound revealed the absence of any product13 (Figure 4).

band due to carbonyl absorption.A

30
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Figuer 4

In contrast to its behavior towards
3ab, 8ab and 11, the enaminone 2
reacted with 2-aminobenzimidazole
(14) in refluxing pyridine and
microwave conditions to afford only
one isolable product (as examined by
TLC) The reaction product was
identified as 3-(benzothiazol-2-yl)(2-
(phenylsulfonyl)pyrimido[ 1,2-

albenzimidazole (16) (Figuer 5). The
gpectral data of the isolated products
16 was in complete agreement with the
assigned structures. For example, the
IR spectra of 16 revealed no bands due
to amino or carbonyl functions.
Moreover, their H NMR spectra
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revealed an aromatic multiplet in the
region o 7.45-8.75 and a singlet signal
at 6 9.21 due to pyrimidine proton.The
formation of compounds 16 was
assumed to take place via an initia
Michael-type addition of the imino
function (endocyclic nitrogen)@®2Y in
compound 14 to the double bond in the
enaminone 2 to give the acyclic non-
isolable intermediates 15, which
undergo intramolecular cyclization via
the loss of dimethylamine and water
molecules to afford the final isolable
products 16 (Figuer 5).
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Figuer 5:

In a similar manner, the enaminone 2
react with 1H-benzimidazol -2-
ylacetonitrile (17) in refluxing pyridine
and microwave condition to afford
only one isolable product (as examined
by TLC). The reaction product was
identified as 3-(benzothiazol-2-yl)(2-
(phenylsulfonyl)pyrido[ 1,2-

a]benzimidazole-4-carbonitrile  (19)

PhOLS

N(CH3)>

:I NS~ SOzPh
—
N SN
CN

( j\—l NH
M NkCN

-MesNH
———————

19

(Figuer 6). The structure of compounds
19 was assigned on the basis of their
elemental analyses and spectral data.
For example, the IR spectrum showed
a characteristic absorption band at
2233 cm? due to cyano group and
revedled the absence of absorption
bands corresponding to carbonyl
groups.

. |

(N Me>
)if/ozph

i8

Figuer 6:

measured quantity (ImL, 0.1mg/ml) of
the sample was placed on a plate (9 cm
diameter) containing a solid bacterial

Biological Evaluation
Using the diffusion plate method: %223
a bottomless cylinder containing a

32
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medium (nutrient agar broth) or fungal
medium (Dox's medium) which has
been heavily seeded with the spore
suspension of the test organism. After
incubation (24 h for bacteria and 5
days for fungi), the diameter of the

clear zone of inhibition surrounding
the sample is taken as measure of the
inhibitory power of the sample against
the particular test organism. The test
results are depicted in Table 1.

Table 1: Antimicrobial Activity of the Tested Compounds

INHIBITION ZONE DIAMETER (1ZD)

(MM/MG COMPOUND TESTED)

COMPOUN  Gram (+) Gram (-) Fungi & Yeast
DSNO. (SA)Staphyloco  (BS) (EC)Escheric  (ST) (AF) (CA)Candi
CCUS aurous Bacill  hiacoli Salmonell  Aspergill  da albicans
anaer obic us a us
subtili typhimuri  fumigatu
s um s
CONTROL 0.0 0.0 0.0 0.0 0.0 0.0
7a 16 20 15 16 12 13
7b 22 15 18 11 13 9
7c 21 15 17 10 12 10
7d 19 14 17 15 13 10
10a 11 9 10 11 6 5
10b 20 14 16 11 19 11
13 23 20 21 18 20 11
16 20 16 13 15 12 13
19 16 13 15 12 15 10
Control # 35 35 36 38 35 37
Activity index: against, Aspergillus fumigatus and
The activity of tested compounds were Yeast; Candida abicans (CA).

categorized as follows:

= The solvent used was ethanol.

= Concentration of the sample in 100
pg/mi.

= |ZD = 2-10 mm beyond control = +
(low activity).

= |ZD = 11-24 mm beyond control =
++ (Moderate activity).

= |ZD = 25-35 mm beyond control =
+++ (high activity).

= #: Chloramphencol in the case of
Gram - positive bacteria,
Cephalothinin the case of Gram -
negative bacteria and cycloheximide in
the case of fungi.

The selected compounds were tested
against gram negative bacteria;
Escherichia coli (EC) and Salmonella
typhimurium, gram positive bacteria;
Staphylococcus aurous (SA) and
Bacillus subtilis , antifungal activity
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Cephalothin and cycloheximide were
used as references antibiotics to
evauate the potency of the tested
compounds under the same condition.
The test results revealed that al
compounds exhibited moderate activity
against two  bacterial  species,
Aspergillus fumigatus and Candida
albicans (CA).
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ABSTRACT
This study was held in the Institute of Endemic Diseases, University of Khartoum
during the period from January 2007 to December 2007. The study compared between
horse blood and rabbit blood as main constituent of Novy-MacNeal-Nicolle (NNN)
culture media in addition to the use of Lowestein Jensen (LJ) mediafor cultivation of
Leishmania parasite. The parasite was inoculated in tubes contained different
concentrations of horse blood (5%, 10% and 20%) and other tubes contained rabbit
blood with a concentration of 10%, also the parasite was inoculated in LJ media. All
the tubes were incubated for 48 hours at 23 °C. Parasites were then counted every 48
hours. This study indicated that Leishmania parasite showed the growth rate in the
NNN media which contains horse blood (especially 10%) and rabbit blood. The rabbit
blood showed better growth than horse blood. There was no growth in the LJ medium.
paldicnal
pasy (N 2007 iy e 3580 B4 4 sk Al daals il siall oV agaas Aupall 038 Cupal
Novy-MacNeal-Nicolle Al Jasll 88 ¥l an 5 gland) 2o G dulyall cuyld . 2007
v A Loledll Jadla oA Lowestein Jensen (LJ) Jlaxll Laugll aladisy 28Ls=yYL(NNN)
e ssni i) 5 (5%, 10% and 20%) Glasl ay (e ddliie 3815 e gl bl & Jalall
Sha Aad 8 Aele 48 sad Ciivan () U< LT da gl (B an ) 35 5 WS (10%) S5 i) o
G 0sSe Llesll) sai Jane of Auhll oda Cujelal el 4808 Jhall slae) Clus 5 A5 40 23
Jumil sai yedal iV ad V) oy 5 (10% S5 dald) Glasll oy e gsing 3 NNN Lol

LI bl (8 saill Gy ol 5L laad) Ay (e
KEYWORDS:Novy-MacNeal-Nicolle medium, LJ media, horse blood, rabbit blood.

INTRODUCTION forms which include:  viscerd,
Leishmaniasis is a major vector-borne cutaneous, mucocutaneous and post
disease caused by obligate intramac- kala-azar dermal leishmaniasis®. The
rophage protozoa of the genus increase in leishmaniasis worldwide
Leishmania, belonging to the subphyl- incidence is mainly attributed to the

increase of several risk factors that are
umMastigophora and family Trypans- clearly manmade which include
omatidae. Parasites infecting numerous massive  migration,  deforestation,
mammals, including humans®. Leish- urbanization, immunosuppression,
maniasis is transmitted by bite of malnutrition and treatment failure ©.
female sand fly (Genera Phlebotomus The gold standard for diagnosis of
or Lutzomyia) either from infected leishmaniasis is considered as Wright
animals to humans or from person to or Giemsa staining of preparations of
person. Injecting drugs can aso the needle aspiration material and
transmit  visceral  leishmaniasisiv. cultivating in NNN media.  While
Leishmaniasis is endemic in areas of studies of the antigenic structure,
the tropics, subtropics and southern biochemical properties, and infective
Europe. Specifically, is endemic in 88 capabilities of Leishmania species that
countries and is the only tropica can cause leishmaniasis in the
vector borne disease that has been Mediterranean, the Middle East, and
endemic to southern Europe for tropical regions are being carried out.
decades?. Human leishmaniasis can A great number of promastigotes are
manifest itself into different clinical needed and in vitro cultivation of both
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amastigote and promastigote forms is
carried out by using many different
cultural media “®. A variety of media
have been used for the culture of
leishmanias. These can be divided into
three man categories. semisolid,
biphasic, and liquid. While biphasic
and semisolid culture media need
blood, an important factor for the
reproduction of parasites, most liquid
mediarequire fetal calf serum (FCS) or
erythrocyte lysate ®. Biphasic Novy-
MacNea-Nicolle  (NNN)  culture
medium, which has been used for a
long time, is preferred because it is far
cheaper than commercia media
Although it is quite suitable for the
isolation of parasites, in this medium
samples taken from leishmaniasis
patients fail to produce a great number
of promastigotes in a short time. Long-
term  cultivation and  excessive
production of promastigotes depend
largely on the serum and serum
components present in the culture
medium @, In order to support the
development of promastigotes for long,
the culture requires a baanced
chemical arrangement as well as the
serum. In this study, a formula which
can be obtained easily and cheaply as
far as commercia procedures are
concerned has been tested for in vitro

cultivation of Leishmania
species.Sudan is the original focus of
visceral leishmaniasis (VL);

L.donovani ® and it has been proposed
that the Leilshmania parasite has
evolved before or at the same time as
Homo sapiens in East Africa ©. The
reported occurrence of VL in Sudan is
wide, erratic and variable (9,
Following the first reported case of VL
in 1904, only sporadic cases were
reported until the 1930s. Then,
endemic areas dtarted to expand
considerably and erratically, following
an epidemic pattern 12, Gedaref
State, in northern Sudan, is the only
known stable hyperendemic region in
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Sudan, with a consistently high annual
incidence of thousands of reported
cases. In 1990-1992, VL aso spread
northwards to the south of Kordofan
State, with nomadic tribes moving
between this area and WesternUpper
Nile, causing an outbreak in the non-
immune population %3, Since 2006,
after VL had been absent for 25 years,
asurge of new cases has been observed
in White Nile State, central Sudan,
close to Khartoum ®¥. Transmission
during epidemics is predominantly
anthroponotic. However, VL occurred
in game wardens in uninhabitedDinder
National Park, suggesting transmission
was zoonotic in this case . However,
no important animal reservoir has been
identified since the discovery of the
first case of VL in Sudan, athough
thousands of small and large mammals
and reptiles have been investigated 9.
Climatic events, such as increased
annual rainfal, have preceded past
epidemics on several occasions (1016),
In Gedaref state, annual rainfall and
dtitude were the best predictors,
among many factors that were studied,
for the occurrence of VL @A
resurgence of the sand fly population,
as a consequence of regrowth of
Acacia and Balanites forests destroyed
by floods, or the interrupted
insecticides spraying have aso been
associated with epidemics (1°1®, Post
kal a-azar dermal leishmaniasis
(PKDL) occurs in about 55% of
sudanese patients 9. Mucosal
involvement in VL is uncommon;,
since the disease was first described in
1914, only 64 cases, mostly in adult
males from severa closely related
tribes in western Sudan, were reported
up until 19929 The first
autochthonous case of cutaneous
leishmaniasis (CL) was found in 1911
@D, The reporting of sporadic cases
was followed by three outbreaks: in the
Shendi Atbara area in 1976-1977, in
ElGarrasa in the White Nile area early
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1985, and in Tuti island, at the junction
of the Blue and White Nile, in 1985. In
1986, the number of cases increased
dramatically; all agegroups were
affected with a total of 100,000 cases.
Currently, CL is endemic in Darfurand
Kordofan, in addition to the area from
Khartoum state up to Atbra, in the
northern part of the country.The main
objectives of this study were to
compare between different types of
Leishmania  culture  media, to
determine the best culture media for
Leishmania isolation and growth and
to test a bacterial culture media for
Leishmania inoculation.
MATERIALSand METHODS

This study was a comparative study
between different types of culture
media used in inoculation and
diagnosis of Leishmania parasites and
was done in the Institute of Endemic
Diseases, University of Khartoum
during the period from January to
December 2007.

Samples

Leishmania parasites strain MHOM/
SD/ MW 20/ 03 were the parasites
used in this study obtained from the
Ingtitute of Endemic  Diseases,
University of Khartoum, the sample
required was 100uL of parasites. The
parasite was isolated in complete
media (Ross Well Park Memoria
Ingtitute (RPMI) + 10% feta bovine
serum  + 2% streptomycin and
penicillin) at 23°C.

Parasite culture

Parasite was examined microscopically
and subcultured in NNN media (either
by adding rabbit blood or horse blood)
and Lowenstein Jensen medium.
Preparation of culture media
Preparation of NNN medium

The NNN medium was prepared as
described by Sundar et al.?? in aflask
by heating 1.4g of agar and 0.6g of
NaCl in 90mL distilled water. The
content of the flask was heated until
the agar melted and kept well mixed.
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The molten agar was transferred into
the culture vessels and sterilized by
autoclaving at 121°C for 15 min. The
agar was alowed cooling to about
50°C in water bath. In a safety cabinet,
collected horse blood was added to the
agar at different concentrations as
follow: 5%, 10% and 20%.
Defibrinated rabbit blood was added to
agar (plain, non-nutrient agar) at a
concentration 10% and the blood agar
was mixed and placed into sterile
vacutainer tubes (2mL each) in a
sloped position until the agar settled,
then stood in an upright position and
transferred to a refrigerator ready for
inoculation.

Preparation of L.J medium

This medium is used mainly for
isolation and cultivation of
Mycobacterium  species. It  was
prepared (as described by Hi Media
Laboratories pvt. Ltd, India) by
suspension of 37.24 gram of powder in
600mL distilled water containing

12mL glycerol. The mixture was
heated to dissolve the medium
completely and  dterilized by

autoclaving at 121 °C for 15mins. One
mL of whole egg emulsion collected
aseptically was added to agar and
mixed well as described by
Cheesbrough (2000) ?®. The mixture
was distributed in sterile capped tubes
in a sloped position. The medium was
coagulated in water bath for 45
minutes.

Parasite subculture

Two dilutions were used to subculture
promastigotes into NNN medium and
L.J medium. The volume required for
the first dilution was calculated from

the formula RV as described by

Bishop (2000) @?¥: where R (required
volume) was 100 pL, V (volume) was
14x10° and O (original count from
complete media) was 14X10°. So the
volume required was 100uL of
parasites added to 13900uL of
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complete media. Then 200uL of
mixture was sub cultured in NNN
medium which contains different
concentrations of horse blood (5%,
10%, and 20%) and with 10% rabbit
blood. The parasites were aso
subcultured in LJ medium. The
vacutainer tubes were incubated for 48
°C in a cooled incubator at 23 °C and
then the parasites were counted. The
second dilution was used to increase
the parasite growth. The R was 1000,
V was 2000 and O was 500. So the
volume required was 400 pyL of the
parasites added to 1600uL of complete
media and then subcultured as the
previous dilution.
Par asite count
In one Eppendorf tube, 20uL of
incubated promastigote was added to
80uL of 1 x phosphate buffer saline
(PBS) (1:5) and mixed. 20 pyL were
taken from mixture to new Eppendorf
tube. Another 30uL of PBS were
added to the mixture (1:25) as
described by Evan (1989) @®. For
staining, 50uL Trypan blue was added.
Before counting, 10uL of 2%
formaldehyde was used for fixation.
The mixture was incubated for 5
minutes. Parasites were counted using
chamber in 4 sguares and the mean
calculated. To calculate the number of
parasite that must be inoculated in
NNN medium, horse blood, and rabbit
blood and LJ media, the following
formula described by Dacie (1995) ?©
was used.
The absolute
NxD.F

areax depth

N x 4x 25
1x0.1

~ Nx10°

~ 1x0.1

=N X 10%mL

First dilution

The first dilution was done by adding

few promastigotes (100ul) to 13900ul

number =

/cumm

/ cumm

=N x10°/cumm

of complete media (14 X 629
parasite/mL). From the mixture, 200ul
were subcultured in NNN media and
LJ media.

Second dilution

The second dilution aimed to increase
the parasite growth and was done by
adding 400ul of promastigotes to
1600ul of complete media (400 X 6%°
parasite/mL).

RESULTS

Different culture media were used for
isolation and cultivation of Leishmania
parasites in this study. These include:
NNN media in which different
concentrations of horse blood (5%,
10% and 20%) and 10% rabbit blood
were used in addition to LJ media
Two dilutions were used to subculture
promastigotes into NNN media and LJ
media

The results of parasite count in the
NNN media (with horse blood), LJ
media and NNN media (with rabbit
blood) were 0x10° /ml, 0x10° /ml and
2x10°/ml respectively (table 1).

The results obtained by counting
promastigotes in NNN that contains
5% horse blood within 5 days were 42
x108 /ml, 79 x10° /ml, 155 x10° /ml,
107 x10° /ml and 110 x10° /ml in the
first, second, third, fourth and fifth day
respectively (table 2). The results
obtained by counting promastigotes in
NNN that contains 10% horse blood
within 5 days were 48 x10° /ml, 58
x108 /ml, 87 x10° /ml, 169 x10° /m
and 118 x10° /ml in the first, second,
third, fourth and fifth day respectively
(table 2). The results obtained by
counting promastigotes in NNN that
contains 20% horse blood within 5
days were 51 x106 /ml, 53 x10° /ml, 73
x106 /ml, 110 x10° /ml and 117 x10°
/ml in the first, second, third, fourth
and fifth day respectively (table 2).
The results obtained by counting
promastigotes in NNN that contains
10% rabbit blood within 5 days were
121 x10° /ml, 466 x10° /ml, 494x10°
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/ml, 618 x10° /ml and 627 x10° /ml in
the first (1%), second (2", third (3'),
fourth (4™ and fifth day (5"
respectively (table 2). The results
obtained by counting promastigotes in
LJ media within 5 days were 3 x10°
/ml, 1 x10° /ml, 0x10° /ml, O x10° /m
and 0 x10° /ml in the first, second,
third, fourth and fifth day respectively
(table 2). The mean of parasite count in

the NNN media using 5%, 10% and
20% of horse blood was 99x10° /ml,
96 x10° /ml and 81 x10° /ml
respectively (figure 1). The mean of
parasite count in the NNN media with
5% horse blood, NNN media with 10%
rabbit blood and LJ media was 99 x10°
/ml, 465 x10® /ml and O x10° /ml
respectively (figure 2).

Table 1: Inoculation of 14 X 6%° parasite/mL (first dilution)

Media Parasite count
NNN media contains horse blood (5%, 10%, and 20%) 0.00 (No growth)
NNN media contain rabbit blood 2 X 10%/mL
L.Jmedium 0.00 (No growth)

Table 2: Inoculation of 400 X 6%° parasite/mL (second dilution)

Media Parasite count (Number of parasite cellmL)
1% day 2" day 39 day 4" day 5t day
NNN media contains 42x10%mL 79x10%/mL 155x10%mL  107x10%mL  110x10%/mL
5% horse blood
NNN media contains 48x10%mL 58x108/mL 87x108/mL 169x108/mL  118x108/mL
10% horse blood
NNN media contains 51x10%/mL 53x10%/mL 73x108/mL 110x108/mL  117x108/mL
20% horse blood
NNN media contains 121x108/mL  466x108/mL  494x108/mL  618x10%/mL  627x10%/mL
10% rabbit blood
L.J. media 3x10%mL 1x108/mL 0x10%/mL 0x10%/mL 0x10%/mL
120 - 500 465
450
100 1 2001
350 4
80 < 3001
= 3 250 4
§ 60 = 200
> 150 1
40 4 100 |
50 4 I I E]
20 0 ; ]
5% horse blood 10% rabbite blood LJ media
0 1 Culture media
5% horse blood  10% horse blood ~ 20% horse blood

Concnteration of horse blood

Figure 1. Mean of parasite count by
different concentrations of horse blood
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Figure 2: Mean of parasite count by
different culture media
DISCUSSION
In cultivations carried out to produce
promastigote or amastigote forms of
Leishmania species outside natural
media in the best possible way, care
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should be taken to make the medium
compatible with  nutritional  and
environmental conditions of the natural
media. Therefore, evolutionary phases
in Phlebotomus flies and vertebrate
macrophages are being investigated
and needs of the organism are being
determined @”. Due to its low price
and easy preparation, NNN culture
medium is especialy utilized in the
production of parasites obtained
through bone marrow aspiration,
spleen puncture biopsy, and skin
biopsy. However, for many studies to
be made with Leishmania isolates;
liquid culture media producing a large
number of promastigotes in a short
time are needed. Ross Well Park
Memoria-1640 (RPMI 1640) medium,
medium 199, and  Schneider’s
Drosophila medium, the most widely
used media among these, are
commercially sold ®®. Commercialy
produced culture media have certain
disadvantages, such as high price,
unavailability when needed, and
impossibility of usage due to
expiration dates. The current study
compared a relatively simple
formulation using common, available,
and inexpensive ingredients that can be
used in different culture media for the
in vitro mantenance and mass
cultivation of Leishmania promastigote
forms. This study was to compare
between 10% defibrinated rabbit blood
and different concentrations of horse
blood (5%, 10% and 20%) as main
constituents in NNN media for the
cultivation and  diagnosis  of
Leishmania parasite. Also Lowstein
Johnson (LJ) media, the best culture
media for Mycobacterium cultivation)
was used. The best results were
obtained with medium containing 10%
rabbit blood that, as judged by a faster
rate of proliferation, higher final cell
density and parasite count, and the
ability to culture most Leishmania
species. By using parasite count
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technique, the best results were
obtained by NNN medium that
contains 10% rabbit blood and showed
a faster rate of proliferation, higher
fina cell density and parasite count,
and the ability to culture most
Leishmania species. These findings
agree with Yerdli et al. (1997) . The
results aso showed that the growth
rates of promastigotes increased in
horse blood but it islower than rates of
rabbit blood. Different concentrations
of horse blood (10%, 15% and 20%)
were used and the 10% concentration
was better than the other
concentrations. The growth rate in L.J
medium was very poor for cultivation
of Leishmania parasites which may
need other conditions to be used. The
results aso showed that the growth
rates of promastigotes reached the peak
number in the fourth day (except in LJ
media). These findings disagree with
Yereli et al. (1997) ® and started to
decline in the fifth day. This might be
due to consuming of needed materials
in the culture and
contamination. Thepresent study
concludes that Leishmania parasite
showed the growth rate in the NNN
media which contains horse blood
(especialy 10%) and rabbit blood. The
rabbit blood showed better growth than
horse blood. There is no growth in the
LJ medium.

The present study recommends the use
of horse and rabbit blood at 10% in
NNN media and further studies are
needed to investigate the use of LJ
media by adding the new specia
conditions to improve the growth.
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ABSTRACT

In this work, solar cells of conjugate polymer have been designed. The effect of the
concentration of different organic dyes on various electrical and optical properties of
the samples produced has been studied. The relationship between current and voltage
in the curve (1-V) have been obtained. It was found that when the conjugate polymer
layer deposition on the slides at low speeds by spin coating technique (increasing the
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thickness of the conjugate polymer layer), results in higher efficiency of the cells. The
use of the organic dye (DDTTCI) led to improve the efficiency and absorption
coefficient of light in the samples. In addition, the optical absorption spectra were
recorded for those samples with a UV -V1S spectrophotometer (model: UV mini-1240)
within the wavelength range of 200-800 nm, at room temperature. The samples
showed variations in theabsorption coefficient which depending on the type of
organic dye used as well as the concentration of conjugate polymer. The short-circuit
current, open circuit voltage and the fill factor of each sample have been calculated.
The efficiency was found in the range of 10.28-3.117% for designed samples.
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INTRODUCTION
Today’s political considerations to

solar energy is very expensive,
something that particularly goes for the

move the world’s energy consumption
away from fossil fuels such as ail, coa
and gas has increased the focus on
renewable energies?. This should be
seen in relation to the environmental
concerns, e.g. cutting carbon dioxide
emissions and supply concerns, which
can have a large economic and
political impact®. Renewable energy
is perceived as a sustainable solution to
ensure future energy supply as well as
being carbon dioxide emissions free or
neutral®. Solar energy is by far the
renewable energy source with the
greatest potential®. It has the ability to
cover the world’s energy demand
several thousand times over and,
unlike fossil fuels, solar energy is
readily available world-
wide®.Unfortunately, utilization of

conversion into electricity. Solar cells
are therefore not widely used for
commercial  electricity  production
since they cannot compete with fossi
fuels or other renewable energy
sources ©).For this reason, solar cells
are commonly used in remote regions
with no access to the power grid or in
private homes as a green alternative to
fossil fuels. As a result more than 0.04
% of the world’s energy supply came
from solar photovoltaics.®To
understand why electricity using solar
cells is so expensive one needs to look
closer at the solar cells used to produce
it. A typical solar cell is made out of
silicon wafers similar to those used in
the production of micro chips . A
polymer solar cell (PSC) is one of the
possible replacements. These solar
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cells add some very interesting
properties to the solar cell as well as
reducing the price considerably. Jacob
Lund ® have demonstrated that the
production of large area PSC (1m?) can
be done at a cost 100 times lower than
that of monocrystaline silicon solar
cellsin terms of material cost. Another
area where the PSC has advantages
over slicon cels is in flexibility.
Whereas slicon crystal is rigid a
polymer layer is very flexible yielding
the possibility of a very flexible thin
film solar cell. This is a property that
can enable a variety of new
applications, solar cell coated clothes
has been demonstrated on (Jacob
Lund, 2006) ®. However there are still
challenges to overcome. Firstly the
service life of a PSC is very short, only
a few hous for a smple
metal/polymer/metal solar cell.
Secondly the efficiency of the PSC is
not high compared to the SSCs.
Formulation of the problem
Semiconductors which are used in
solar cells are very expensive and have
low efficiency which cannot meet the
requirements for which are
manufactured.

The aim of this work was to search for
highly efficient solar cells and reduce
the cost of manufacturing solar cells.
This can be done by manufacturing
solar cells using conjugate Polymer
coating by Solder (Sn/Pb)®©.
MATERIALSand METHODS

The materia utilized in thiswork:

1- Titanium Dioxide glass (ITO) and
conjugate polymer Poly[2-methoxy-5-
(2-ethylhexyloxy)-1,4
phenylenevinylene] (MEH-PPV)
beside different  organic  dyes
(Rhodamine 6G- Coumarin 500 -
Dibenzocyanin 45).

2- The coating done by the Spin
Coating Machine.

3-The concentration of different
organic dyes (Rhodamine 6G-
Coumarin 500 — Dibenzocyanin 45)

was changed and the corresponding
output current voltage, power and
efficiency were recorded.

4-The empirical relations were
compared with previous studies and
theoretical relations.

ITO

ITO (Indium Tin Oxide) is a
transparent conductive material. It is a
mixture of indium oxide (In2Os3) and
tin oxide (SnOy). ITO is used as one of
the electrodes in the solar cell.9
MEH-PPV

Poly[ 2-methoxy-5-(2-ethyl-hexyl oxy)-
1,4-phenylenevinylene] (MEH-PPV)
seen in Figure 1 is the active material
of the solar cell. It is a modification of
PPV, modified by the MEH-group,
which makes it more soluble in some
liquids. It is appearance in dark brown
or red granules 9,
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Figure 1: The two figures of the
monomer of MEH-PPV(right) and the
monomer of PPV(left).

Rhodamine 6G

Benzoic Acid, 2-[6-(ethylamino)-3-
(ethylimino)-2,7-dimethyl-3H-
xanthen-9-yl]- ethyl ester,
monohydrochloride (C2gHz1N203Cl). It
is appearance in red crystaline
solid.D

4
HgCg HN ¢ y HHC-:H]
2 a
HyC CH,q
COOCHy

Figure 2: The structure of Rhodamine
6G.
Coumarin 500
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7-Ethylamino-4-
trifluormethylcoumarin
(C12H10NO2Fs).It  is appearance in
yellow crystalline solid. 9

HsC, HN 0. .0
o
CF 4
Figure 3: The structure of Coumarin
500.

Dibenzocyanin 45 (DDTTCI)
3,3-Diethyl-4,4'5,5'
dibenzothiatricarbocyanine lodide
Hexadibenzocyaini 45 (CzsH2oN2Sol).
It is appearance in bronze crystalline
solid.D

Byt

"l Gy
Figure 4: The structure of DDTTCI.
Solder (Sn/Pb)

Tin/lead solders, aso caled soft
solders, are commercially available
with tin concentrations between 5%
and 70% by weight. The greater the tin
concentration, the greater the solder’s
tensile and shear strengths. Alloys
commonly used for electrical soldering
are 60/40 Tin/lead (Sn/Pb) which melts
at 370 °F or 188 °C and 63/37 Sn/Pb
used principally in electrical/electronic
work2),

Making the Solar Cell

A clean glass plate with a thin layer of
ITO (Indium Tin Oxide) is needed.
The ITO acts as the first part of the
solar cell, the first electrode. When a
solar cell is made, it is important that
the materials are clean. To clean the
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plate, it is first washed with soap; then
with water and finally with ethanol and
dried for 1 minute.

Solutions

Two solutions have been made, MEH-
PPV solution, and dyes solution. The
MEH-PPV solution has been treated
carefully, the chemica MEH-PPV
(PolyPhenylene Venylene) is very light
sensitive so it has to be wrapped in
silver paper to keep the MEH-PPV
from reacting with sunlight. The dyes
solutions are added in order to make
the dissociation of excitons more
efficient. The concentrations of the
different chemicals solutions are
described in table 1.

Tablel. The concentrations of different
chemicals solutions for the solar cells.

Material Solvent Concentration
MEH-PFY Hhanol 0.1 mgml
Rhodaraine 6G Htanol 0§ myml
Covmarin 500 Hhanol 0§ mgml
Dibenzocyamin 45 DDTTC)  Efhamol I mgx!

Spin Coating

To deposit the polymer layers, a
standard spin-coating technique was
employed. Spin-coating implies either
putting a droplet of a solution into the
center of a rotating substrate, or first
putting the solution onto the substrate
and then spinning it up. In this work
the first approach was used 49,

Two solutions have been coated over
the plate. The first layer is the dye
while the second layer is MEH-PPV
which functions as the active layer in
the solar cell. Then the plates were
heated in oven at 80 °C for 30 minute
in order to evaporate the water from
the solution. Both layers MEH-PPV
and the dye were coated for 1 minute.
Table 2 shows the Parameters of spin
coating machine for MEH-PPV and
dyes.



SUST Journal of Natural and Medical Sciences (INMS)vol. 16 (1) 2015

ISSN (Print): 1858-6805

e-ISSN (Online): 1858-6813

Table 2: The Parameters of spin coating
machine for MEH-PPV and dyes for the

samples.
Sutmles Dyes Poameterscfspin~ Parameters of spin
coafing machine forDves  coating machine for
MERPI
Al Hadarine 66
A Modarinz 66
4 Coman S0 | V=07v, 1=0ma V=03v, [=50md
M Dhenzocyaan-+
& Dbenmoeyanr4:

The last layer is Solder Sn/Pb spun for
25 seconds as a second el ectrode.

Figure 5: Actual conjugate polymers
solar cells have been fabricated in this

work
The measur ement of absorption
The UV-VIS  gpectrophotometer

(model: UV mini-1240) used in this
work @9, A glass dide that had been
treated the same way as the dlides with
films but with no film on it was used
as the reference dlide. The wavelength
was varied in units of 10 from 200 nm
to 800 nm and the corresponding
absorbance reading recorded.
Measuring thelV Characteristic

In order to compare various solar cells
it is necessary to measure the
characteristic values. Vo, ls, the fill
factor and the efficiency, n9. All
these factors can be determined from
the IV characteristic of a solar cell and
the power output from the lamp. For
this reason an IV characteristic was
performed under illumination for each
solar cel in this project. The IV
characteristic is a measurement of the
current as a function of the applied
voltage. In This work a simple circuit
consist of electrical source, Rheostat,

a7

Ammeter, Voltmeter, solar cell and
light source of output power 100 w

was used (see figure 6). The
measurement  performs  room  at
temperature.
Light

NN
'

W L4

*.'qu | I e

Figure 6: The setup for measuring the
IV characteristics of solar cells.

RESULTS

Five solar cells samples have been

fabricated in this work. The

absorbance of the separate parts of the

conjugate polymer solar cells has been

measured, and their schemes are

shown in figures (7-12) bellow.

[—aT]

1.0 4

Absoherce
o

0.C 4

400 a0C =ali] T00 a0o0 a00 “Can
Wavelength { nm)

Figure 7: The absorbance measured of
sample Al.

Absorbance

£.0 drrprrrrrreeer P T Sy et e .
400 500 600 700 ano 00 1000

Wavelength [ nm)

Figure 8: The absorbance measured of
sample A2.
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Figure 9: The absorbance measured of
sample A3.
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Figure 10: The absorbance measured
of sample A4.
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Figure 11: The absorbance measured
of sample A5.

Absorption

—
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400 500 BO0 OO &00 900 1000 1100
Wavelength { nm)

Figure 12: The absorbance measured
for all samples, thereis shift with
increase of the thickness

IV characterization

The IV-curve of the solar cells has
been analyzed. Figures (13,17) show
an IV-curve obtained from an ordinary
conjugate polymer solar cell under
illumination. Isc, Imp, Vmp, and Voc are
marked Isc, Imp, Vmp, and Voc are
marked on the curve.

Curent (nA)

Current jm A)

CuTetin Al

iz 3

Jlsc #i
28 J —
W g
711:
20 3
16 3
12 4
+
43
; Voo
a LRELTEGS VTR VAT CER AV EC R S EA VAV LD VRO CEEREE T, EVEE- AT
0.0 02 0.4 0.6 0.0 10 12 14
Waoltags (W)
Figure 13: ThelV curve for sample
Al
Isc A3|
10
\[Vmp,lmp)
&4
&
44
24
Voo
o LRl SR e p e Ly B e LA ER R e S R D I AR P SRR R R LR E AR
0.0 02 0.4 06 08 1.0 12

Voltage (W)

Figure 14: ThelV curve for sample

A2.
Isc
50 4 \M
] {(Vmp, mp)
a0 4
a FREELAALRDANINSS REREELAER]  LALEFRIANSS LELY RN LR FER RS LR L3, IIII\'{olc
ac 0.2 a4 a8 ag 1.C 1.2 a4
Votage (V)
Figure 15: ThelV curve for sample
A3.
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Figure 16: The IV curve for sample
Ad.
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Figure 17: ThelV curve for sample
Ab5.

DISCUSSION

The mgjority of the samples showed a
wide range of absorption of the solar
gpectrum. For al samples the
absorption peak shifts towards its
maximum a a wavelength between
505-528 nm with decreasing of the
thickness of the thin films as shown in
figure 12. The highest absorbance
recorded of the sample A5. It absorbs
a most visible wavelengths with a
maximum  absorption a  cyan
wavelengths of the solar spectrum as
shown in figure 11. The lowest
absorbance recorded of the samples is
sample AZ2.It absorbs a green
wavelengths as shown in figure 8 and
this may be caused by the thickness of
the two layers of MEH-PPV and
organic dyeis not thick enough and the
sample surface is not perfectly
homogeneous.

IV Characterization

The IV-curve we obtained from the
conjugate polymer solar cells a curve
similar to the curve from the optimal
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model as described in (1. Montanari,
2002)™, Sample A4 recorded the
highest value of the short-circuit
current. Sample A2 recorded the
highest values for each of the open
circuit voltage and fill factor, as shown
in figures 16, 14, respectively. All
samples showed a variation in terms of
obtained efficiency ranged between
10.28 % - 3.117 %.
The highest efficiency of the solar cell
has been obtained from sample A5,
while the lowest efficiency was
obtained from sample A2. This may be
due to weak Absorption coefficient of
light exhibited by the sample, which
already discussed in the previous
section.
The samples produced in this work
have shown good results in the
efficiency compared to the results
obtained in the previous studies in the
same field . Table 3 shows the
short-circuit current, open circuit
voltage, the fill factor, the current
density and the efficiency obtained
from al samples. The results of
efficiency obtained from the samples
are summarized in the histogram in
Figure 18.
Table 3: TheIsc, Voc, Jsc, FF and the
conversion efficiency for all the
samples.
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Figure 18: The conversion efficiency
for all samples.
Low-Cost
In order to

reduce the cost of
manufacturing solar cells conjugate
polymer are used as the main materias
in this work. The lower in cost was
proved in severa studies as reported in
references (15) and (16).

Polymer solar cells (PSC) are one of
the possible replacements. These solar
cells add some very interesting
properties to the solar cell as well as
reducing the price considerably. Jacob
Lund ® have demonstrated that the
production of large area PSC (1m?) can
be done at a cost 100 times lower than
that of monocrystalline silicon solar
cells in terms of material cost. Recent
developments in ink-jet printing,
micro-contact printing, and other soft
lithography techniques have further
improved the potential of conjugated
polymers for low-cost fabrication of
large-area integrated devices on both
rigid and flexible substrates.
CONCLUSIONS

In this work, caculation of IV
Characterization and  absorbance
gpectra of conjugated polymers have
been made and different types of
polymer solar cells have been
produced. Five samples of solar cells
have been fabricated.

The optical absorbance of these films
was measured by UV-VIS
spectrophotometer. The samples show
a wide range of absorption of the solar
gpectrum. Sample A5 and sample A2
was recorded the highest absorbance
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and the
respectively.
For the IV-curve obtained for the
conjugate polymer solar cells a curve
similar to the curve from the optimal
model as described in (1. Montanari,
2002),  All samples showed a
varigtion in terms of obtained
efficiency ranged between 10.28 % -
3.117 %.
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ABSTRACT

This study aimed to determine the prevaence rate of malaria/ helminthic infection in
irrigated area in central Sudan (Genaid). A cross- sectional study was carried out
during the period from December 2008 to June 2009. A total number of 250 students
(age between 6-16 years old, mean age was 11 + 3 years) were included in this study.
Blood, urine and stool samples were taken from all subjects. Clinica and
parasitological data were obtained and recorded. Seventy one out of 250 (28%) blood
samples were found to be positive for P. falciparum when stained by Giemsa stain.
Moreover, 82 out of 250 (32%) blood samples were found to be positive when
examined by immunochromatogrophic test (ICT). On the other hand, 35 out of 250
(14%) stool samples were positive for S mansoni when examined by wet preparation
while 41 out of 250 (16%) stool samples were positive for S. mansoni when using
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Kato technique. Eighty out of 250 (31%) urine samples were positive for
Shaematobium. The study showed that 60 out of 250 (24%)stool samples were
positive for other protozoa and helminthic infections. The prevalence rates of
malaria/ schistosomiasis co-infection were detected in 31 out of 250 students (12%).
This study indicated that the study area is highly endemic for maaria and
schistosomiasis as reflected by the high prevalence rate of malarial schistosomiasis
co-infection.

aliial)
gyl aiall Ailaia b Luyleldl las ULl 48 i) calay) HLin) Jaes sl Zubll o3a cidoa
OS5 22009 g ) 2008 e Cle 35l MA ks A yiasal) Ayl 038 L lasedl oy 3
OS5 e 16 ) 6 omle aajlac] cilSs llla 250 Gyl b weShil &5 ol SRl i §sana
bl e Jsamall & WS Gl S e Jsally dandll ool e cilie cdaliin 11 el Jagie
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INTRODUCTION million people in 75 countries. Both
Co-infection with multiple parasites is parasitic diseases predominate in sub-
common in maaria endemic area Saharan Africa, but the host impact of
Although much is known about the dua infection in unknown
epidemiology and immunology of D Plasmodium falciparum and
specific parasitic illness, little is known Schistosoma  haematobium are co-
about the interaction of concurrent endemic parasitic diseases with
infections. Mounting evidence worldwide  distribution.  Evidence
suggests an interaction occurring suggests that interactions  occur
between helminthic and malaria between helminthic and malaria
infections, athough it is unclear as to infections, athough it is unclear
whether this effect harms or protects whether this effect is beneficial or
the host. Plasmodium falciparum and harmful to the host. Little was known
Schistosoma  spp.  are  co-endemic about the patterns and risk factors of
parasitic diseases in certain locations. co-infection within communities. The
Revised estimates suggest that P. occurrence of co-infection will depend
falciparum malaria causes 515 million on the overall prevalence of individual
infections  annually @ while species and the degree of association
schistosomiasis affects nearly 200 between different species. If infection
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with P. falciparum and helminthes are
independent, occurrence of co-
infection is simply determined by the
relative frequency of individual
species. Thus, the age patterns of co-
infection will depend on the age-
specific prevalence rates as predicted

by simple probability. However, if co-
infection is either synergistic or
antagonistic, occurrence of both
parasites would be significantly
different from that predicted by
individual chance encounters with
either infection. Such associations may
arise because of biologic associations,
whereby the presence of one species
promotes or inhibits the establishment
and/or survival of the second species,
potentially through immune
modulation®. Alternatively, co-
infection may reflect concurrence of
common  socio-economic  and/or
environmental risk factors promoting
survival of both species G4, At
present, few studies are able to
disentangle the relative importance of
different risk factors for co-infection
and detailed epidemiologic studies are
clearly warranted. However, on what
we currently know about the
epidemiology of co-infection, it is
suggested that school-age children,
rather than preschool children or
adults, are most at risk of Plasmodium-
helminthes co-infection, and thereby at
greatest risk of the consequences of co-
infection. The successful resolution of
Plasmodium infection requires a
coordinated succession from a T-
helper cell type 1 (Thl) to a Th2 type
response, and anything that upsets the
timing or balance of this process can
lead to chronic or severe infection ©.
The Th2-skewed immune profile and
profound cellular hypo-responsiveness
induced by chronic helminthes
infection © might therefore be
expected to affect the course of
Plasmodium infection. This hypothesis
has led researchers to study the

interactions between Plasmodium and
helminthes infection. However, limited
observational studies thus far have
provided conflicting accounts of the
effects of chronic helminthes infection
on host immune responses to malaria.
Early studies suggested that Ascaris
lumbricoides infection might be
protective against malaria disease (9
in contrast to severa later reports,
which suggested that soil- transmitted
helminthes (STH) infections may
increase the risk of malaria infection
(4910 Conversdly, a potentia
protective effect on malaria of light
schistosome infection has been
reported in Senegal and Mali (2'12),
Other studies have noted a difference
in the development of severe malaria
between  helminthes-infected and
uninfected individuals, with severa
studies from Thailand suggesting a
protective effect for A. lumbricoides
infection on the risk of cerebral
malaria and acute renal failure &3
although again this is in contrast to a
study in Senegal, which suggested a
positive association between infection
with A, lumbricoides and the
occurrence of severe malaria 9. Thus,
epidemiologic  observations  now
suggest a range of scenarios in which
helminthes infections may increase
susceptibility to Plasmodium infection
but may aso under certan
circumstances protect against severe
malaria ®@. The main objectives of this
study were to determine the prevalence
of schistosomiasis and malaria in
irrigated areain central Sudan, to study
the prevalence of malaria/
schistosomiasis co-infections and to
study the prevaence of other
protozoan and helminthes parasitic
infection in the study area.

MATERIALSand METHODS
Study area

This study was carried out in Genaid
area, Gezira State during the period
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from December 2008 to June 2009.
The areais located on the east bank of
the Blue Nile river. The area consists
of 25 \villages with population
belonging to different tribes. The study
area composed of Genaid irrigated
scheme and Genaid sugar factory. The
area is surrounded by big and small
irrigation canas. The maority of the
populations are farmers, and some of
the villagers are workers in the sugar
factory. The area is considered as
endemic for malaria. The peak of the
malaria transmission  starts  in
November and continues to March,
which coincides with the harvest time
of the sugar canes. Plasmodium
falciparum is considered to be the
major malaria species in the area
S.haematobium and Smansoni are also
endemic in the area.

General characteristics of the
studied population and ethical
clearance

The study was conducted on 250
students from ElI Tadamon primary
school for girls and El Tadamon
primary school for boys with an age
ranging between 6-16 years old and the
mean age of 11 + 3 years, 71 of them
were males (28.4%) and 179 were
females (71.6%). Ethical clearance for
this study was obtained from College
of Medical Laboratory Science- Sudan
University of Science and Technology
and after an informed consent was
obtained from all children included in
this study.

Design of questionnaire

The design of questionnaire considers
simple investigative questions or
indicators, which include gender, age,
observation of blood and mucus in the
stool and blood in urine, signs and

symptoms of diseases such as fever,
headache, vomiting and diarrhea.
Blood examination

For detection of P. falciparum, stained
blood films were screened using the
method described by WHO (1993)
9and using ICT as recommended by
\(N\;VW.?.nationaI academies.Org(2009)
15

Urine examination

For detection of S haematobium, urine
samples were screened using the
method described by Fleck and Moody
(1993) 19,

Stool examination

S mansoni was detected in stool
samples using wet preparation and
Kato method as described by WHO
(1993) 9 and Berhe et al. (2004) 7
respectively.

Statistical analysis

Data were analyzed using Statistical
Package for Socia Sciences (SPSS)
under windows, version 15.0. Chi
square test dtatistical analysis was
performed and the p values of less than
0.05 were considered statistically
significant.Data were presented in
tables using Excel after analysis using
SPSS.

RESULTS

Overall prevalence of P. falciparum
using blood films (B.F) and ICT
accor ding to gender

Out of 250 study subjects, 71 (28%)
were found to be harboring
P.falciparum parasite when using
blood films and 80 (32%) when using
ICT. From the 71 positive cases, 50
(20%) were males and 21 (8%) were
femaes (Table 1). The differences in
prevalence according to gender was
found to be satistically significant
(p=0.000).

Table 1. Overall prevalence of P. falciparum using blood films and ICT according to

gender
P. falciparum Gender Total
Male Female
B.F positive 50 21 71
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ICT positive 50

30 80

Overall prevalence of S. mansoni
infection using wet preparation and
K ato technique according to gender

A total of 250 stool samples were
examined for S mansoni eggs. Out of
these, 35 (14%) were found to be
positive when detected by using wet

preparation method and 41 (16%)
when using Kato technique. From the
35 positive cases, 20 (8%) were males
and 15 (6%) were females (Table 2).
The differences in  prevalence
according to gender was found to be
statistically significant (p=0.000).

Table 2: Overall prevalence of S mansoni infection using wet preparation and Kato
technique according to gender

S. mansoni Gender Total
Male Female
Wet preparation 20 15 35
Kato technique 25 16 41
Overall prevalence of be positive when detected by using

S.haematobium infection  using
sedimentation technique according
to gender

A tota of 250 urine samples were
examined for S haematobium eggs.
Out of these, 78 (31%) were found to

sedimentation technique. From the 78
positive cases, 60 (24%) were males
and 18 (7%) were females (Table 3).
The difference in prevalence according
to gender was found to be statistically
significant (p=0.000).

Table 3: Overall prevalence of Shaematobium infection using sedimentation
technique according to gender

Gender Total

Mae

Female

S haematobium positive 60

18 78

Prevalence of other parasites in the
study area using wet preparation

Out of 250 surveyed populations, 23
(9.2%), 13 (5.2%), 17 (6.8%) and 7

(2.8%) samples were found to be
positive for H. nana, G. lamblia, E.
histolytica and E. vermicularis
respectively (Table 4).

Table 4: Prevalence of other parasitesin the study area by wet preparation

Par asite species Frequency Per centage
H.nana 23 9.2%
G.lamblia 13 5.2%
E.histolytica 17 6.8%
E.vermicularis 7 2.8%

Co-infections
The present study indicated that 31
individuals (12%) were infected with

more than one parasitic infection
(Table 5).

Table 5: Malaria co-infection with helminthes parasitic infection

S. mansoni

S.haematobium

H.nana E.vermicularis  Total
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P.falciparum 10 16

3 2 31

Table 6: Relationship between malaria and symptoms

Symptoms Malaria positive Malaria negative
Headache 60 12
Fever 58 11
Vomiting 47 8
Diarrhea 38 28
p=0.000
Table 7: Prevalence of S. mansoni among students with mucus and blood in their
stool

Mucous and blood Total

Yes No
S.mansoni +Ve 20 15 35

-Ve 25 190 215

Total 45 205 250
p=0.000
DISCUSSION suggested a deleterious effect of co-

In tropica areas, multiple parasitic
infections ae common (819
Epidemiological, clinical, or biological
outcomes are more often studied
considering each parasite separately.
Nevertheless, studies on animal models
have shown that concurrent infections
by two or more parasite species could
affect the pathogenesis of each other
(202 Malaria and  heminthes
infections are the major parasitic
diseases in developing countries and
their epidemiological co existence is
frequently observed, particularly in
Africa. The implications of
concomitant malaria and helminthes
infections have been mainly studied in
animals under laboratory conditions
(22°23) In human populations, only few
studies have been conducted, with
contradictory results. Some of them
showed a protective role of helminthes
(24 For example, Nacher and other
(13) found that a helminth infection was
associated with a protection from
cerebral malaria, and Murray and
others (@ showed that trestment of
severe ascariasis was accompanied by
recrudescence of malarial attacks in
children. Conversely, other studies
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infection 19, In the present study we
have shown that the prevalence of
Shaematobium was 31% in the study
area. This indicated that
schistosomiasis is once again becomes
a serious heath problem in Gezira
after a previous control of the disease
in the area. The high prevalence of
schistosomiasis and malaria in the
study area is attributed to the fact that
the area is considered to be one of the
major sugar plants in Sudan and the
irrigation depends on cana systems
and this provides a suitable
environment for both malaria and
schistosomiasis transmission. One of
the main purposes of this study was to
investigate co-infections with malaria
and schistosomiasis in a population of
children in EI Tadamon School. In
addition, the intestina protozoa and
helminthic infections were studied to
find the probability of their effect on
the malaria course. The results
obtained during this study, revealed
that schistosomiasis was more
prevalent and intense in boys than in
girlsand in older children. The age and
gender factors are well known and are
associated with the number and type of
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water contacts. It has been shown that
boys are more exposed than girls
because they take more baths ®>29 and
that the level of infection increases
with age because schistosomiasis is a
chronic infection and children have
repested exposures 2", The prevalence
rate of Smansoni was 14% in the study
in selected school children. In the
present study Smansoni eggs which
were not detected in stool samples
when using wet preparation, were
detected when Kato technique was
used, suggesting that Kato method is
more sensitive than wet preparation
method, this is in agreement with
WHO (1993) @4, All urine samples
collected during this study which were
positive for eggs of Shaematobium
had haematuria. The study showed that
the prevaence rate of maaria as
confirmed by presence of parasite in
Giemsa’s stained blood smears was
28% while positivity was increased
(32%) when using ICT as a diagnostic
technique. This might be explained by
the fact that ICT detects Histidine Rich
Protein2 (HRP2) which remains
circulating in the blood for a period of
time after treatment. These findings by
ICT disagree with Nasir and Saeed
(2009) @?® who observed that ICT was
equal to microscopical detection of P.
falciparum. Previous studies showed
that, in Sudan, the mortality of malaria
was highest in children less than five
years, decreasing afterwards. Maes
and females were affected equally in
al age groups . In this study, no
difference in gender was found in
relation to malaria infection. Co-
infections with multiple parasites are
common in malaria endemic areas.
Although much is known about the
epidemiology and immunology of
specific parasitic illnesses, little is
known about the interaction of
concurrent  infections.  Mounting
evidence suggests that an interaction
occurs between helminthes and malaria
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infections, athough it is unclear as to
whether this effect harms or protects
the host. P. falciparum and
Schistosoma  spp.  are  co-endemic
parasitic diseases with world wide
distribution. The present study showed
that 31 (12.4%) of the children in this
study were harboring more than one
parasite. Spatia congruence of both
P.falciparum and different helminthes
remains poorly defined. Preliminary
analyses, however, suggest that as
many as one quarter of African school
children may be coincidentally at risk
of P.falciparum and hook worm @9,
This spatial coincidence of risk
between the two parasite populations
would suggest that co-infection is
extremely common, athough the
public hedth significance of poly
parasitic infection remains a topic for
which there are many unknowns. The
high prevalence rate of maaria
helminthes infections reported in this
study indicated that co-infections in
Sudan is a common and a serious
problem and the impact of this
phenomenon on the control of the
single infection needs  further
investigations.

CONCULUSIONS

Co-infection with multiple parasites is
common in Genaid area, El Gezira
State; the prevalence rate of malaria
was 25% while schistosomiasis was
31% and 14% for Shaematobium and
S mansoni respectively.
Schistosomiasis is significantly high
among boys compared with girls,
which might suggest that boys are
exposed to infected water more than
girls and they play and swim in the
water around their school .
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Abstract
This work aimed to model the impact of macroeconomic variables (money supply,
inflation rate, exchange rate) on the performance of the Khartoum Stock Exchange
from 2003-2013 measured by the general market index by using dummy variables
technique. The study applied the general Linear Regressonmodel, including two
Dummy variablesto measure the impact of secession of South Sudan and the
electronic trading system when approved for the trading activity in the market 2011 as
well as the adoption of the time period of years by quarters.The data used for the
anaysis spanned over the period from the fourth quarter of 2003 to the second
quarter of 2013. The study assumes that there is a significant effect of using dummy
variables separately and with other quantitative variables. The study also assumes that
there is a negative impact on the performance of Khartoum Market Stock Exchange
after the secession of South Sudan and that there is an improvement after the start of
electronic trading. The empirical results of the study showed that the best model to
represent the data is one that includes money supply and variables before the
secession of the South Sudan and after electronic trading. In addition, the study
reveals that we can obtain model of the adopted variable and the independent
variables (the secession of the South, electronic trading, quarters for the years). It has
been proven that the market index in the period before the secession of Southern
Sudan was more than the average value by (7.459) for the period after the secession.
It was also proved that the market index in the period after electronic trading
increased in the average value by (49.335) for the period after the pre-electronic
trading. The study recommends the need for more empirical studies to measure the
regquirements that occur in the performance of Khartoum Stock Exchange.
Keywords: Dummy Variables, Linear Regression, Khartoum Stock Exchange.
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ABSTRACT
This paper implying the use of complete random design (CRD) to control the cement
magma during the test for the effect of different levels of water in its component over
the initial time of its congealment that; when it increased the initia time
decreased theeffect on the length of the concrete freezing acquiring the resistance
within reasonable time. The results showed that (25) ml of water level isthe best for

the standard cement magma.
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ABSTRACT

In this paper we propose new method for the detection and estimation of outlying
value in nonlinear regression model. The method is based on an absolute residual
estimator, we compared between the two methods, andit was found that the first
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ABSTRACT
This study aimed to test the validity of the theoretical relationship between the two
variables of academic achievement and depressive symptoms , as illustrated by the
proposed model and thus to reach a model determines the effect of some of the
important variables in depressive symptoms and in the light reflected by the data . The
study also aimed to identify whether there is a variable effect of sex on academic
achievement and depressive symptom.Group consisted of 450 students from the high
school students at Khartoum State, ( 225 females and 225 males) and was used in the
study of (@) the total sum of degrees of academic achievement for the first half of the
school year of school records (b) Depression Scale (d) of the Beck bdi) for depressive
symptoms after Arabization. This study applied the style of path analysis to identify

trends influence between the variables of the study through a causa model. The
results of the study showed the effect of direct and indirect group subjects and both of
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the two groups of males and females using the path of academic achievement to
depressive symptoms and the results for the group of subjects overall there is a direct
effect and there is an indirect impact and for the group of subjects males there is a
direct effect and there is an indirect impact but there is a group of female direct effect
and no indirect effect and are discussed in the light of the theoretical framework for
the study and previous studies.

KEYWORDS: Path analysis, Coefficitient of Correlation , Causal model
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ABSTRACT

Adaptive randomization designs are statistical designs that are used as aternative to pure
randomization designs in clinical trials, with the object of reducing imbalance in trials.A
new method,to be called critical percentage method (CPM) is introduced and compared
with the pure randomization method through a simulation experiment. The simulation
showed that, the CPM has minimum imbalance, for al sample sizes (10, 100 and 1000).
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INTRODUCTION choose the appropriate design after
Adaptive randomization is an alocation evauating the available designs from
that uses all previous assignments in the different angles.

trial to influence the alocation of the
current  experimental  unit®?.  The
adaptive allocation (adaptive
randomization) of experimental units
upon treatments in clinica experiment
has become an alternative to pure random
alocation (pure randomization (RM)) for

In this paper, a new method in covariate
adaptive randomization will be suggested
(this method would be called critica
percentage method (CPM)). The new
method will be compared with pure
randomization allocation under different

: . sample sizes.
seuerall dgcadqs. Covariate adapt!ve Covariate Adaptive Randomization
randomization is a type of adaptive M ethods

randomization which uses only the Severa methods are  addressed by

;ﬁvar;tgte varlcjaplteg to fl mf)‘fe dunlts researchers in biostatistics in adaptive
ocations, and 1t 1S a Tiexibie design covariate randomization. All those

ams to reduce imbalance between methods am to reduce imbalance

3-5) . .
treatments'®®), between treatments®”). In this section,

Each design has its advantages and three of those methods would be mention
disadvantages, so, a researcher must
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as well as the new method (CPM) which
suggested by the researcher.

Zelen’s method:

This method has been proposed by Zelen
to reduce imbalance between treatments
across the number of patients®.

Atkinson Optimal Method:

Atkinson has mentioned what be called an
optimal method in adaptive
randomization. The implementation of
this method achieves more balance of

numbers of patients and their
characteristics with treatment®,
The method uses a genera linear

regression model to achieve the desired
balance.

Imbalance Minimization M ethod:

The minimization method (MIN) has
been widely used in clinica trias. The
using of this method achieves minimum
imbalance in the number of patients and
their characteristics aso, in each
treatment©.

Critical percentage method:

In the critical percentage method, all
previous data is used when assigning a
new patient to treatments.

It is designed to bridge the gap between
the goal of covariate adaptive
randomization designs and the current
methods which are used to achieve this
purpose.

Adaptive randomization designs are used
in clinical trials to avoid the imbalance in
the number of patients and their
characteristics which could happen in
pure randomization. The earliest method
of adaptive randomization worked to
reduce the imbalance by making more
balance in each single layer in the
experiment, but ignored the total of
layers. This problem is solved in MIN
method which focuses on totd
randomization imbalance. But the
imbalance increases in single layers in
this method. So, the purpose of CPM isto
make more balance in the single layers
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and in the total randomization at the same
time.

In the following paragraphs, assumptions
and steps of CPM are explained for two
treatments, and it is easy to generalize it
for more than two treatments.

It is assumed in CPM that, patients are
entered to the trial sequentialy.

Suppose that there are two treatments T
and T, , and C covariate variables. The it"
covariate has [; levels,

wheeC=21, ;2 2,i=123,..,C
There are thus Il xl xl3*..x1l.= S
single layers (strata) in thetrial.

Step 1:

In this step the desirable percentage
(critical percentage) to divide each part of
each  covariate  variable  between
treatments is determined. That means, if
we choose the critical percentage equa
50% for 1; ( j" level of i" covariate) the

number of patients who have the jt* level
of the i*"covariate must be such that half
of them in treatment T;, and the other half
inT, . And if we choose 60% as a critical
percentage for EEJ., that means the number

of patients who have EL-;. inTy or T, is <
60% from the total patientsin this layer.

Let A;; be the critical percentage for level
j of covariate i. Where 0 < A;; < 1.The
value of A;; would increase or decrease
according to the importance of the
covariate or the covariate level. And this
flexibility in 4;; value is considered as an
of advantage of CPM.

Step 2:

The first patient in the trial would be
assigned randomly to treatment T; or T,
with probability equal % for each.

To assign the (k + 1)st patient,

where k=1, 2,3,..,n- 1 with n the
number of patients in the experiment,
Determine the covariates levels of the
patient, let this (i=1,..,c;j=
1, ..., l;). This specifies the stratum to be
k;; which the patient belongs.

Letting:
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Nkijn = The number of patientsin level j
of covariate i who are assigned to
treatment T, after k assignments.

nyi;z = The number of patientsin level j

of covariate i who are assigned to
treatment T, after k assignments.
Compute:

Pij1

_ Nkij 1)
Nkijr ¥ Nkij2

Pij2

_ Nij2 2

Mkij + Mkij2
Compute the r; values defined as:

7 = 1 ifpijis Aij, Vi
0 otRerwise
s = 1 ifngi < Nip
0 otBerwise
v = 1 ifpijz> Aij . 3ij
0 otBerwise
5 = 1 ifpijaz Aij, Vi
0 otBerwise
7 = 1 ifnkig = Nkip
0 otBerwise
v = 1 ifpiji = Aij, Vi
0 otBerwise
7 = 1 ifpiji > Aij, 3
0 otBerwise
g = 1 ifpije> Aij 3y

_ 0 otBerwise
Patient number (k+ 1) will then be

assigned to treatment T; with probability
Pr+1,1 Where:
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Pi+1,1
lifry=10r(rp=1land (3= 1lorrg = 1))
1
EE’FTE = land(rg= 1or (17 = 1andrg= 1)) (3)
0 otlPerwise

THE SIMULATION WORK

A simulation experiment was conducted
to examine the performance of CPM
relative to that ofRM. The simulation
assumed  that, there are two
treatments(7;&T,)and three covariate
variables, the first one has two levels, the
second has three levels and the third has
two levels. The ssmulation was performed
by STATAp> software, and a three
sample sizes, 10, 100 and 1000. The
simulation was repeated 1000 times for
each sample size.

Patients are assigned to (T;&T7;)with
critical percentage 50% for CPM, and
randomly for RM. For each Method,

imbalance  between  treatments is
computed as absolute difference in
number of patients between two
treatments, in each case.

RESULTS

From Table (1) and Figures (1, 2 and(3) it
is clear that:

CPM has minimum imbalance compared
with RM when sample sizeis 10.

CPM has minimum imbalance compared
with RM and the gap between the two
figuresis huge when sample sizeis 100.
CPM has minimum imbalance compared
with RM and the gap between the two
figures is very huge when sample size is
1000.
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Table 1. the percentage of imbalance for CPM and RM.

Imbal Sample Size 10 Sample Size 100 Sample Size 1000
mbaiance CPM RM CPM RM CPM RM
0 72.8 23.2 62.9 7.2 61.2 2.2

2 27.2 435 35.7 16.2 36.7 6.1

4 0.0 235 1.4 16.7 2.1 4.4

6 0.0 8.8 0.0 12.7 61.2 5.8

8 0.0 0.8 0.0 10.2 0 5.1

10 0.0 0.2 0.0 10.7 0 4.0

12 0.0 0.0 0.0 7.5 0 5.2

14 0.0 0.0 0.0 6.6 0 4.1

16 0.0 0.0 0.0 3.6 0 4.6

18 0.0 0.0 0.0 2.8 0 4.1

20 0.0 0.0 0.0 13 0 33
22 0.0 0.0 0.0 1.8 0 45
24 0.0 0.0 0.0 2.7 0 4.0
26 to 60 0.0 0.0 0.0 0.0 0 42.6

who are assigned to (7;&T5,)). The other
columns display the percent of imbalance
for each method.

In Table (1), the first column display the
amount of imbalance (the absolute
difference between number of patients

-m=m TCPM
— *TREM

100.0 - —

80.0

60.0 7

40.0 f)

200

T T T T
o 2 4 [ g

—_—
e e D T B e S

Imbalance

Figure 1 : cumulative percent of imbalance when sample sizeis 10
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Figure 3: Cumulative percent of imbalance when sample size is 1000

CONCLUSION

From above results, we can conclude that,
CPM has minimum imbalance compared
with RM a al sample sizes. The
difference in imbalance between CPM
and RMexpandsby sample size increase.

RECOMMENDATION
Researchers in  clinica trids are
recommended to use CPM method
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instead of RM methods in when balance
between treatments is important. And
biostatisticians are recommended to carry
out more researches to investigate the
performance of CPM.

REFERENCES

1. Chow, S.C., Chang, M., and Pong, A.
(2005). Statigtical consideration of adaptive
methods in clinical development. Journal of
Biopharmaceutical Satistics,15: 575-591.



SUST Journal of Natural and Medical Sciences (INMS)vol. 16 (1) 2015

ISSN (Print): 1858-6805

e-ISSN (Online): 1858-6813

2. Pocock, S. J. and Simon, R. (1975).
Sequential  treatment assignment  with
balancing for prognostic factors in the
controlled clinical trials. Biometrics,31: 103~
115.

3. Proschan, M. A. (2005). Two-stage sample
Size re-estimation based on a nuisance
parameter: A review. Journal  of
Biopharmaceutical Satistics, 15: 539-574.

4. Williams, G., Pazdur, R., and Temple, R.
(2004). Assessing tumor-related signs and
symptoms to support cancer drug approval.
Journal of Biopharmaceutical Statistics,14: 5~
21.

5. Gdllo, P., Chuang-Stein, C., Dragalin, V.,
Gaydos, B., Krams, M., and Pinheiro, J.
(2006). Adaptive design in clinica drug
development - An executive summary of the
PhRMA Working Group (with discussions).

129

Journal of Biopharmaceutical Statistics, 16,
275-283.

6. Coad, D. S. and Rosenberger, W. F.
(1999). A comparison of the randomized
play-the-winner and the triangular test for
clinical trials with binary responses. Statistics
in Medicine,18: 761-769.

7. Shih, W. J. (2001). Sample size re
estimation - A journey for a decade. Satistics
in Medicine, 20: 515-518.

8. Zelen, M. (1974). The randomization and
stratification of patients to clinical trials.
Journal of Chronic Diseases, 28: 365-375.

9. Atkinson, A. C. (1982). Optimum biased
coin designs for sequential clinical trials with
prognostic factors. Biometrika, 69: 61-67.

10. Birkett, N. J. (1985). Adaptive allocation
in randomized controlled trials. Controlled
Clinical Trials, 6:146-155.



SUST Journal of Natural and Medical Sciences (INMS)vol. 16 (1) 2015
ISSN (Print): 1858-6805 e-ISSN (Online): 1858-6813

SUST
Journal of Natural and M edical Sciences

Journal homepage: http://journal s.sustech.edu/

Comparative of The Allo-antibodiesin Repeated Blood Transfusion Recipient Using
Conventional Tube Method and GelM ethod

Nriman. Y. Osman*!, A.|. Bashir 2, S. E. Abdalla ¥

oAl Neelain  University, Faculty of  Medica Laboratory  Science.E-
mail:narimanosman@hotmail.com

2University of Khartoum, Faculty of Medicine.

3 Al Neelain University, Faculty of Medicine.

Article history: Recieved: 23.06.2014

Accepted: 06.12.2014

ABSTRACT

Repeated blood transfusion is important for patients as basic therapy, it is used to treat and
prevent the complications of many diseases. The most serious complications are haemolytic
transfusion reactions in which there is increased red cell destruction which caused by
repeatedblood transfusion, allergic reactions and febrile reactions which are due to antigen
antibody reaction. The aim of this study is to compare between the two different protocols;
conventional tube method and ID cardmicrotyping system, to detect the frequencyof
antibodies in repeated blood transfusion. This is an anayticalcomparative study in
which193 patients with repeated blood transfusion were enrolled. Complete blood count
was done using (Sysmex) 21.Then sickling test, hemoglobin electrophoresis at alkaline pH
(8.4-8.6), and antibody screening with conventiona tube andgel methods were done. The
results were analyzed. Antibodies screening using conventional method showed that 3
patients were positive,190 patients were negative, while gel method showed that 5 patients
were positive, whilel88 patients were negative with repeated transfusion.The study
Concluded that thedifference the between two methods was present,conventional tube
andgel method withdifferent P-value (0.22-0.41),respectively, it was insignificant. Gel
method is more accurate and rapid, appropriate for detection of antibodies, and more
accurate, to facilitate selection of blood, than conventional method. Antibody detection by
gel method is more yielding compared with routine technique. The gel method is found to
be arapid, reliable procedure and more sensitive.
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INTRODUCTION

Transfusions are used in a variety of
medical conditions to replace blood and
blood components. Early transfusions
used whole blood, but modern medica
practice commonly uses only components
of the blood, such as red blood cell, white
blood cells, plasma, clotting factors, and
platelets .

Since blood transfusion was regarded as
basic therapy to treat and prevent
complications of many  diseases,
unfortunately some times can be
complicated by the development of
antibodies to RBCsWBCs or platelets
antigens, the most serious complications
are hemolytic transfusion reactions in
which there is increased red cel
destruction which is produced by blood
transfusion, allergic reactions, febrile
reactions and post transfusion purpura, all
of them are due to antigen antibody
reaction. In parallel when we determine
the ABO and RhD groups patients should
be screened for unexpected alo-
antibodies other than anti A anti B .This
facilitates the selection of suitable blood
for patients requiring transfusion®
9 When patients receive  blood
transfusion, their immune system will
attack any donor red blood cells that
contain antigens which differ from their
self antigens. Therefore, ensuring that
antigens of transfused red blood cells
match these of the patient's, red blood
cells are essentia for safe blood
transfusion™,

Therefore improving selection of suitable
blood for patients is important. Spin tube
method was became traditional technique
for compatibility testing and cross
matching in transfusion medicine®.
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The ID-Micro Typing blood banking
system represents a breakthrough in blood
bank serological testing by using cards
consisting of microtubes profiled with gel
particles, diluents and appropriated
antisera. The sample material was added
to the reaction chamber, Gel technique is
suitable to detect and prevent ABO, Rh
blood groups, direct antiglobulin test,
indirect antiglobulin test, cross matching,
screening and identifications of antibodies
8 There are many studies done all over
the world to receive safe blood
transfuson and avoid the risk of
complications and development.

The study objectives:

General objective:

To compare between the conventional
tube method and the DiaMed-Immuno-
Diffuison  micro  typing  system,
asscreening toolsfor detection of allo-
antibodies.

Specific obj ectives:

1- To determine the presence of allo-
antibodies in patients who
received repeated blood
transfusion by conventional and
ID card method.

To identify different types of
antibodies using the two methods.
To determine significant
differences between the two
methods as per P-value analysis.

To identify different types of
antibodies using the two methods.

MATERIALSand METHODS

This is an anayticalcomparative study
which was conducted to determine the
aloantibodies in patients who received
repeated blood transfusion using the two
methods, the conventional tube and 1D
cad. The study was performed in
Khartoum and Wad Madani Teaching
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Hospitals during January 2010 to August
2012.

One hundred and ninety three (193)
patients were enrolled in this study, 36 of
them were Thalassemia patients, 137
patients with sickle cell anemia and 20
patients with Hb C diseases, and both
sexes and al age groups were included.
Data were collected using designed
guestionnaire, and all patients or care
takers were consented. Five ml of venous
blood were collected from each patient
with more than 4 times blood transfusion.
These were divided into 2 portions, 2.5
ml were collected in EDTA anticoagul ant
for screening hematology tests and the
other 2.5 ml were clotted and serum was
used for allo- antibody screening.

Data were recorded and analyzed by the
statistical package for the socia sciences
(SPSS) program.

Screening tests done includedcomplete
blood count that was done by
(Sysmex)21, haematologica analyzer.
Thesickling test and hemoglobin
electrophoresis at alkaline pH (8.4-8.6),
were performedto confirm the diagnosis
of Hb condition studied. Antibody
screening was conformed by conventional
tube and ID card methods.

RESULTS

Three patients out of 193 were positive by
the conventional method for dlo-
antibodies as shown in Table (1).

Table 1: Frequency of Repeated bloodtransfused according to hematological conditions

studied
Hb disease Frequency of Blood transfusion for Positive Patients Total
four five SiX  seven

Thalassemia - 1 - - 1

Sickle cell - 1 1 2

anemia

Hb C disease - - - - -

Total - 2 1 3
2%

Five patients were positive with ID card method as shown in Table (1).

Table 2: Frequency of Repeated blood transfused according to hematological conditions

studied
Hb disease Frequency of Blood transfusion for Positive Patients Total
four five SiX seven
Thalassemia 1 1 i i 2
Sickle cdll - 1 1 1 3
anemia
Hb C disease - - - - -
Tota 1 2 1 1 5
3%

Allo- antibodies reveaed by conventional
method in thalassemia, were anti K (one
patient), in sickle cell anemia anti c(one
patient), another patient had anti e, as
shown in Table (3).And by using ID card
method in thalassemia, one patient had
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anti K, another patient had anti e, and in
sickle cell anemia, one patient had anti E,
another patient had anti c, a third patient
had anti e, as shown in Table (4) and
Figure 1.
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Table 3: Freguency ofAllo —antibodies detected by conventional method according to
hematological conditions studied

Patients Allo —antibodies Total P-value
Anti-E Anti-e Anti-c Anti-k
Thalassemia - - - 1 1
33.3% 33.3%
Sickle cell - 1 1 - 2 0.22
anemia 333%  333% 66.7%
b C disease - - - - -
Tota - 1 1 1 3

33.3% 33.3% 33.3% 100%

P-value = 0.22 < 0.05 no significant

Table 4: Freguency ofAllo —antibodies detected by ID Card Method according to
hematological conditions studied

Patients Allo —antibodies Total P-value
Anti-E Anti-e Anti-c Anti-k
Thalassemia - 1 - 1 2
20% 20% 40%
Sickle cedl 1 1 1 - 3 0.41
anemia 20% 20% 20% 60%
Hb C disease - - - -
Tota 1 2 1 1 5
20% 40% 20% 20% 100%

]

| = | o | = |
Anti-Teds + C735d

E
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Figurel: Identification test with ID Card method
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DISCUSSION

In this analytical comparative study,we
observed that the presence of irregular
antibody was found to be 5(2.6 %) 2
(1.0%),3(1.6%) and 0(0.0%) that 40%
thalassemia ,60 % sickle cell anemia and
0.0% Hb C diseases with ID card method
. in an American study it was found to be
39.39% in sickle cell anemia and 12.9%
Brazil study” ®,22.06%,13.7 % Saudi
study,® 19 | 195% Egypt study @9,
While the presence of irregular antibody
was found to be 3(1.5%) 1
(2.0%),2(1.5%), 0(0%) that 33.3%
thalassemia,66.7% sickle cell anemia and
0% Hb C diseases with conventional
method, in Saudi study it was found to be
22,06% ©, 2.8% Iran study *?,28.4%
Egypt study @@ and 6.1%Uganda
study*4),

The most common allo-antibodies was
detected in Rh 80.% anti E 20%, anti e
40%, anti ¢ 20% and kell 20 % blood
group system by gel method with P-
value(0.22 < 0.05) .While detected of Rh
66.7 % anti e 33.3 %, anti ¢ 33.3 % and
kell 33.3 % blood group system with P-
valug(0.41< 0.05) by conventiona
method. These results agreed with other
studies, in Saudi anti E18.6%, anti ¢ 6.9%
and anti Kell 23.6% blood group system
(19 anti Kell 23.6 and anti E 23.6 blood
group system in Egypt Y and anti
E14.6%, anti C8.9%, anti ¢ 4.9% and kell
26% blood group system in Uganda
(4 The difference between two methods
with P-value (0.19 < 0.05) no significant.

CONCLUSIONS

Irregular  antibodies were found in
patients with repeated transfusions with
different specificities. ID card method is
more sensitive than conventional method.

Finally gel system is appropriate for
detection of antibodies, and more
accurate, to facilitate selection of safe
blood.
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ABSTRACT

The stearohydroxamic acid was prepared from stearic acid by the reaction of its
corresponding methyl ester with hydroxylamine.The hydroxamic acid was identified by the
melting point, its characteristic color testing, elemental analysis, FT-IR,*H-NMR and *C-
NMR spectroscopy. The extractive property of the prepared stearohydroxamic acid in
chloroform towards aqueous solutions of Mo (VI) at different pH was investigated . The
results showed that the optimum was 4 and the percentage of extraction was 93%.

KEYWORDS:. Hydroxamic acids, extraction, hydrogen ion-concentration.
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INTRODUCTION so that the three nitrogen valences acts
Hydroxamic acid and their derivatives in different manner®.,

with the general formula R-CO-NHOH Complexation of metal ions by
and R-CO-NROH have wide applications hydroxamic acids is a basis of large
due to their biological activities and number of analytical determinations ©.
chelating properties. These compounds are The best known of these complexes is
wesak organic acids with low toxicity @, In that formed with Fe(ll) whose beautiful
1869,H.Lossen® reported that the reaction purple color forms the basis for the
betweendiethyl oxal ateandhydroxylamineyi sensitive  qualitative and quantitative
elded new compound named determination of carboxylic acids and
oxalohydroxamic acid . The structural their derivatives®.The ferric hydroxamate
formula of the hydroxamic acid was complex is formed by the following
studied by W.Lossen® and found that, reaction:

each of the hydrogen atoms in 3RCONHOH + FeCl;

hydroxylamine  has a different — (RCONHO)3Fe + 3HCl
substitution value, or ese the Molybdenum (V1) in acidic medium form
constitution of base change when its yellow  chelae  complexes  with
hydrogen atoms are replaced by radicals, hydroxamic acids. This complex is
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extractable in chloroform and the intensity relative to residual proton of CDCI3(1H
of the color is directly proportiona to the 7.28 , 3C 77 ppm).
concentration of Mo (VI) ®. One of the The reagents are : Stearic acid (BDH
methods for determining Mo (VI) in Reagent).Methanol (BDH
aqueous layer or solutions is the AnaarGrade).Sulphuric acids (BDH
thiocyanate method. Anadar Grade ).Potassum hydroxide
The objectives of the present study are to (Anaar Grade).Hydroxylamine
prepare stearohydroxamic acid, and study hydrochloride (BDH Reagent).Sodium
its extractability to Mo (VI) from aqueous hydroxide (AnalarGrade). Sodium chloride
solution at different pH. (Merck Anaar Grade). Sodium metal
MATERIALSand METHODS (BDH Reagent).
The equipmtsthat were used include Preparation of Methylstearate
pH-metter. (Jenway ,Model  3030), 0.2 mole (56.99) stearic acid were refluxed
Melting point apparatus (Mettler), UV-Vis with excess methanol(63mL) and 0.04
spectrophotometer, (Perkin Elmer 550), mole (2.2mL) of concentrated sulfuric acid
IR- spectrophotometer, (FTIR- 8400S, for 24 hours. The ester was left forone
Shimadzu), NMR Spectrophotometer,*H day,then neutralized with methanolic
and *C were recorded at 400 and 75 MHZ potassium hydroxide (0.08mole) (4.50)
respectively, on (a Bruker AV-400 potassium hydroxide in 100 mL methanol)
spectrometer (USA). Chemical shift for *H cooled and filtered off.
and C spectrum were recorded in ppm
C‘17H35COOH+CH3OH% - C17H35COOCH3 + H20 i

Preparation of hydroxylaminein methanol methanolic sodium hydroxide. The sodium
139 g (02 mole) hydroxylamine chloride was filtered off, leaving solution
hydrochloride was added to 4% of hydroxylamine in methanol.

1,NoH, Hol 298
S CH;0H

— H,NOH. CH30H + NaCl + H,0 (ii)

Preparation of hydroxamic acid of waterwasadded to the product , while it
Products (i) and (ii) were reacted in the was warmed , the lighter organic layer
presence of 0.05 mole sodium methoxide  separated , washed with H,0 and dried .

for 36 hours. Large volume
H OH
\l|\l/
CH3;ONa
Ci7HgsCOCH3 + HNOH —f i 36nry  CiHasC==0 + CH,OH
StHXA
Extraction of stearohydroxamic acid volume with buffer solution (pH ranging
(SHXA) from 10 to 6.0) the solution was
Series’ of Mo (V1) solution were prepared transferred to a separatory funnel and
by transferring 50 ml of 1.0x was extracted with an equa volume
10~*gmL™! Mo (V1) solution to a 25 ml (25 mL), of 0.25 W/, Stearohydroxamic
volumetric flask and were diluted to the acids (SHXA), in chloroform, with
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vigorous shaking for 2 minutes. A yellow
color was absorbed in the organic layer of
al the mixtures i.e. at different pH. The
two layers were separated; the agueous
layer and the organic layer .

The aqueous layer

Five mL of aiquots from eachseparated
agueous layerwere transferred to series of
100 separatory funnels. To each solution
2.0 ml of concentrated hydrochloric acid,
1.0 ml of 1.0% ferrous sulphate solution
and 3.0 ml of 10.0% potassiumthiocyanate
solution were added. The solution was
shaken gently and then 3.0 ml of 10% Tin
(I1) chloride solution was introduced
bringing the total volume to 25mL with
distilled water. The golden yellow solution
was extracted subsequently with three (10,
10 and 5 ml) portions of a solvent mixture
of 1:l.amyl acohol and carbon
tetrachloride. The extracts were combined
and poured through a filter paper (to
remove water droplets), in to a 25-
mlvolumetric flask and completed to the
mark with the same solvent mixture. The
absorption spectra of the solution were

recorded at 465 nmin 1-cm cells.(”)

RESULTS and DICUSSION
characterization of stearohydroxamic
acid

The melting point of stearohydroxamic
was found to be 104°C which is quite close
to that reported in literature (106°C) .
FT-IR  spectra (KBr disc):  of
stearohydroxamic, showed the following
absorphon bands (figurel):

For (O-H) at 3448.49cm?, for (N-H) at
3766.72cm?, for (CH, or CHs) at
2920.03cmY- 2850.59cm?, for (C=0) at
1743.53cm? for ( N-O) at 985.56 - 918.05
cmt for (C-N) at 1168.78 cm!. Which are
close to that reported to that vaues
recorded (7).

'H-NMR  .spectrum (solvent CDCl3)
showed(Fig: 2) chemical shifts
0=0.88ppm triplet for (CH3), 6= 1.16ppm ,
1.2 multiple doublet, 6=2.3pp triplet for
(CHy), 3.7ppm single for (N-H) , 7.26ppm
singlefor (O-H).

13C-NMR spectrum: showedd=14ppm for
(CH3), 06=22ppm, d= 24ppm, 3=29ppm,
o= 31ppm, 6= 34ppm, 0= 5Slppm. d=
77ppm for (CHz), 6= 174ppm for (C=0),
see (figure3)

Tablel: Elemental analysis of SHXA

From experiment

From empirical formula

N% 3.57
C% 72.21
H% 12.59
0% 11.18
S% 0.00

N% 4.68
C% 72.24
H% 12.37
0% 10.70
S% 0.00

The FT-IR spectra of the hydroxamic acid
prepared show the most characteristic
bands associated with hydroxamic acid
functional group that is due to OH, C=0,

N-O , CH and C-N. The fundamenta
frequencies (cm™?) of the various groups
are summarized in the following table:

Table 2: The FT-IR absorption frequencies (cmt) of hydroxamic acid

Acid O-H C=0 N-H CH N-O C-N

Stearohydroxamic acid 344849  1743.53 3766.72 2920.03- 985.56- 1168.78
2850.59 918.50

H-N-OH
|

R-C=0
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The R group of the acid cause
hypochromic effect on N — O group and
hypschromic effect on C=0 group ©. The
broadness of the hydroxyl absorption
bands and thehypochromic shift in the
C=0 frequencies are indicative of the
occurrence of intra and intermolecular
hydrogen bonding®. The semi-solid states

U
|

)
8
|

T

S— ¥
e EL] 00 E] o =0 0

of this acid are found capable to form
intermolecular and intramolcular hydrogen
bondings involving the carbonyl and N-
hydroxyl —groups, respectively® These
hydrogen bondings alow this acid to
exhibit very good chemica stability in the
semi- solid states.

Figure 1: |.R Spectrum of Stearohydroxamic acid

The '™ NMR spectra of the
stearohydroxamic  acid show  the
characteristic of the proton of the hydroxyl
group attached to the nitrogen atom in the

range 7.2 ppm.The protons of aliphatic
CHasappear in the range of 0.86 — 0.87 ppm.
Where as that of CH> group appear in the
range of 1.1- 3.6ppm®©.

Table 3: *H NMR spectral date of substituted hydroxamic acid

Acid dppm Hydrogen Multiplicity Assignment
Stearohydroxamic acid 0.86 Triplet CHzs proton
7.2 singlet O-H proton
3.67 singlet N-H proton

po e ———

= = =
- - -

Figure2: 'H NMR Spectrum of Stearohydroxamic acid
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The 3C NMR spectra exhibit absorption carbon appears in the range of 14.37 — 77
signal due to carbonyl (C=0) nearly 174 ppm ®.

ppm. The chemical shift of aliphatic

Table 4: *C NMR data of substituted hydroxamic acid

Acid 13C NMR data

Stearohydroxamic acid 014 C of CHs, & (22-77) C of CHy, 8174 C of C=0.

.....
-
=
_‘
=|
=
]
=
e |
=
-
=
1
=
=
-

|
-

-------------

T L2

Figure3:*C Spectrum of Stearohydroxamic acid

Table 5: Results of extraction of Mo (V1) with 0.25% " /,,SHXAin Chloroform

pH Absorbance of ag at 460 nm Conc (ppm) Unextracted% Extracted%

1 0.242 8.06 20.15 79.85

2 0.184 6.13 15.33 84.67

3 0.151 5.03 12.58 87.42

4 0.085 2.83 7.08 92.92

5 0.135 450 11.25 88.75

6 0.210 7.00 17.50 82.50
3.2 extractability of stearohydroxamic listed in Table 5. The high extraction of the
acid complex of Mo (VI) with these acid at pH
The quantitative test to evauate the 4 in the moderate acid. Due to the varied
maximum extractability of Molybdenum substituent effect at the different fregments
withstearohydroxamic acidwas carried out of the molecules.

at different pH (1.0 to 6.0). The results are
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Figure 4: Extraction curve showing distribution of Mo (V1) as function of pH for SHXA
REFERENCES

CONCLUSION
In the present study, the stearohydroxamic
acid (SHXA) was prepared from the
reaction of the methyl ester derivatives of
stearic acid with hydroxylamine. This acid
is found to be semi-solid a room
temperature, soluble in chloroform, and
has characterized by the following colour
reaction:

1. With Feric choloride in choloroform

they give blood - red colour.
2. With Vanadium (V) solution
give reddish — violet colour.

the stearohydroxamic acid (SHXA) in
chloroform form color chelate complexes
with  a number of meta ions
stearohydroxamic acid react with Mo (V1)
to give ayellow color complex.
In addition, the FI - IR & NMR
spectroscopic  results  confirm  the
successful preparation of the acid. The
extractability of the stearohydroxamic acid
in chloroform towards aqueous solution of
Mo (VI) was examined at different pH. It
is found that the optimum pH for
extraction of Mo (V1) is pH 4.0 which
gave 93%.

they
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ABSTRACT

Insulin resistance is the pathophysiological basis of dyslipidemia and hyperglycemia.Most
lipid abnormalities in type 2 diabetes can be explained by reduced action of insulin at the
tissuelevel. This cross sectional study was carried out to assess the impact of diabetes mellitus
on lipid profile of Sudanesediabeticpatients treated with insulin and/or ora hypoglycemic
agentsat Kosti teaching hospital, during October, 2008 — April, 2009.0ne hundred and sixty
three diabetic patients aged between 15-85years were included. They were informed and
consented to participate in this study. Subjected patients were classified into three groups
according to their medication;group A (n=36)includes patientstreated with insulin, group B
(n=113)were patients treated withhypoglycemic agents and group C (n=14), those whom
wereusing combination of both insulin  and ora hypoglycemic agent as
treatment.Pati entsblood samples were taken and examined for lipids profile and HbA 1c using
spectrophotometric and chromatographic techniques, respectively. Obtained data were
analyzed using SPSS program for windows, V,20. Usingstudent-'t' test. Patients results were
compared with results of one hundred persons as controls.In this study there was an
elevatedmean level ofcholesterol (4.88+1.55mmol/L),triglycerides(2.2+0.66mmol/L ),
LDL(3.1+1.76mmol/L), ApoB(1.48+0.6g/L),and HbA1c(10.4+4.5%), and reduced mean
levels of HDL(1.15+0.36mmol/L)and ApoA (1.62+0.1g/L)in al groupswhen compared with
control. All patients were having HbA1c>9%.Mean values ofcholesterol triglycerides, LDL,
HDL, ApoB, ApoA and HbAic of diabetic patients were found non-significant when
compared with controls (P values were 0.340, 0.802, 0.489, 0.812, 0.342, 0.490 and 0.840),
respectively. The assessment of lipid profile in serum of diabetic patients treated with insulin
and/or ora hypoglycemic agents should be done to reduce the risk of fat gain to diabetic
patients.Glycemic control and treatment of dyslipidemia reduces the development and
progression of diabetic complications.

KEYWORD: Lipoproteins, Glycosylated hemoglobin, cardiovascular disease
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INTRODUCTION including vascular disease.®

Improved glycemic control has been Lipid disorders are common in DM, and
shown to diminish the risk of long-term play crucia roles in the development of
complications in patients with diabetes.® diabetic cardiovascular complications.®
Treatment should begin with lifestyle The initial management of lipid disorders
modification, including mea planning and in diabetic patients without CVD is
exercise, and pharmacologic therapy to lifestyle intervention and glucose control.
improve prognosis and to reduce ®)

complications resulted from the use of Due to lipoprotein abnormalities in
insulin and/or diabetes, an easily measured composite
sulfonylureas.Y'Cardiovascular  disease indicator may be useful for treatment
(CVD) is currently the primary causeof thediabetes.”? The Diabetes Control and
morbidity and mortality in diabetes Complications Trial indicate that a tight
mellitus (DM).2349  Diabetic patients control of glucose levels does not
have two to four fold greater risk than do substantially reduce cardiovascular events
non-diabetic individuals of developing in patients with diabetes.® All treatment
atherosclerosis and its complications, strategies of diabetes should emphasize
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cardiovascular risk reduction, focusing
particularly on correction of
dyslipidemia.™ Diet, exercise and weight
reduction are essentid for the
management.®

Insulin resistance is the pathophysiological
basis of dydipidemia and high blood
sugar.® Most of lipid abnormalitiesin type
2 diabetes can be explained by reduced
action of insulin at the tissuelevel.(") Both
type 1 and type 2 diabetes are
characterized by a progressive decrease in
beta-cell function and mass.® Chronic
exposure to elevated glucose results in
further deterioration of the beta-cel
function.® Insulin  regulates  heart
metabolism through the regulation of
insulin-stimulated glucose uptake. Also
insulin  can regulate  mitochondrial
function.®

In type 2 diabetes, a diminished or absent
first-phase insulin release is the earliest
metabolic defect, which is accompanied by
lack of prandia suppression of hepatic
glucose production, increased postprandial
glucose excursion and late insulin hyper-
secretion.® In type 1 diabetes autoimmune
destruction resultsin rapid loss of beta-cell
function therefore insulin therapy is
essential to maintain normal glycemia.®
Early and intensive glycemic control,
using regimens which recreate a
physiological insulin profile, controlling
postprandial as well as fasting glucose
levels, offers the most promise for
preserving beta-cell function, decreasing
disease progression, and reducing the
chronic  complications of diabetes.®
Reliable indices of  coronaryrisk
assessment and targets for drug treatment

are importantto the management of
diabetes patients.®
Current clinical guidelines  require

measurement of total cholesterol, LDL,
HDL and triglycerides to assess the lipid-
related risks. ® All the four parameters are
targets of therapy and therefore must be
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mesasuredinitially and at the follow-up. ©
This study was conducted to assess serum
lipid profile inSudanese diabetic patients
treated with Insulin and/or oral
hypoglycemic agentsso that therapeutic
strategies can be established to reduce the
risk of fat gain.

MATERIALSand METHODS

This study was designed as prospective
cross-sectional study, carried out atinternal
medicine unit, Kosti teaching hospital,
Kosti, White Nile State, Sudan, during the
period of October, 2008 — April, 2009.
One hundred sixty three diabetic patients
aged 15-85years old were included. The
Study  subjects were  consentedto
participate,each patient was asked for the
type of medication he/she used. Then
patients were divided into three groups,
Group A (n=36), includes those who
treated with insulin, group B (n=113),
were patients who treated with
hypoglycemic agents and Group C (n=14),
treated with combination of insulin plus
oral  hypoglycemic agents.Lipids and
glycosylated hemoglobin (HbAic) were
tested for alpatients.Blood samples of 100
individuals with no personal or family
history of diabetes were examined for
lipids and HbAic to compare the means
and cut-off values with results of patients.
Five milliliters of venous blood samples
were collectedfrom patients and control
subjects and divided into two parts, one
was transferred in an EDTA tube for the
immediate analysis of HbAic, and the
second part was transferred to a plan
container,centrifuged 3000/rpm for 5mins
using Lab tech centrifuge, IndiaSerum
was obtained and kept at -20°C for the
anaysis of lipid parameters.HbA1c was
extracted using chromatographic
spectrophotometric ion-exchange method
from Cypress Diagnostic, Belgium.And
the concentration was determined by
colorimeter (Lab Tech, India).
Turbidimetric immunoassay technique was
applied to measure the apolipoprotein B
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(ApoB) and apolipoprotein A (ApoA)
concentration using commercialy
available test kits obtained from Human
Gesedllschaft  for  Biochemica  and
DiagnosticambH, Germany and the
standard procedure was followed using
spectrophotometer  (Hitachi  photometer
4020 from Boehringer Mannheim,
Japan).Enzymatic colorimetric test using
kits obtained from Human Gesellschaft for
Biochemica and diagnosticambH,
Germany, was used to determine the
concentration of triglycerides, cholesteral,
LDL and HDL. The standard procedure
was followed using spectrophotometer
(Hitachi photometer 4020 from Boehringer
Mannheim, Japan).

Statistical analysis. Data were analyzed
using SPSS program for windows, v20.
Student-'t' test, Results of diabetic patients
and their groups were correlated using
Bivariate correlation, Pearson coefficient,
two tailed test of significant. Results were
compared as mean and standard deviation.
P value was considered significant when it
15<0.05.

Quality control: All samples were
anayzed as duplicate analysis and the
average of each two readings was obtained
for quality control purposes.Control sera
purchased with reagent kits was used and
applied with each run.

RESULTS

In this study there was an
elevatedcholesterol  (4.88+1.55mmol/L),
triglycerides  (2.2+0.66mmol/L), LDL

(1.48+0.6g/L),and HbAic (10.4+5.7%),
and reduced HDL (1.15+0.36mmol/L),and
ApoA (1.62+0.1g/L) mean valuesin al
groups when compared with control
subjects, table 1. Diabetic patients in all
groups were having HbA 1c>9%, figure, 1.
Mean values ofcholesterol,triglycerides,
LDL, HDL, ApoB, ApoAand HbA1cof
diabetic patients were found non-
significant when compared with control s(P
values were 0.340, 0.802, 0.489, 0.812,
0.342, 0.490 and 0.840), respectively,
Table 1.

When mean vaues were compared
between groups, patients ingroup A were
having the highest HbA1c level (11.2%).
Also they were having mean vaue of
cholesterol less than group B and
increased mean value than group C
(4.7mmol/L). However, this group have
the lowesttriglycerides mean vaue
(2mmol/L). Petients in group C were
having the lowest cholesterol and the
lowest ApoB mean values (4.2mmol/L,
1.28g/L, respectively), table 2. However
they were having high ApoA mean values
(12.76mmol/L) when compared with other
groups, Table 2. The frequencies of
parameters among diabetic patients are
listed in Table 3.

All parameters were correlated using
Bivariate correlation, Pearson coefficient,
two tailed test of significant. Correlations
were outlined in tables 4, and 5(for all
diabetic patients, and diabetic patients
group B), respectively.

(3.1£1.76mmol/L), ApoB
Table 1. Means * standard deviations of parameters of diabetic patients and controls

Diabetic Patients Controls (n=100) P value
(n=163)

Age (years) 56..03£13 55.2+12.2 0.619

HbA1c % 10.4+4.5 4.3+ 0.7 0.840

Cholesterol (mmol/L) 4.88+£1.55 4.11+0.82 0.340

Triglycerides (mmol/L) 2.2+0.66 1.16+0.55 0.802

LDL (mmol/L) 3.1+1.76 1.18+0.47 0.489

HDL (mmol/L) 1.15+0.36 1.93+0.95 0.812

ApoB g(/L) 1.48+0.6 1.34+0.12 0.342

ApOA (g/L) 1.62+0.1 1.75+0.23 0.490
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Table 2: Means + standard deviations of parameter samong groups of diabetic patients

Group A Group B Group C

(n=35) (n=113) (n=14)
Age (year) 47.7+14.3 58.8+10.4 55.7+14.4
Duration (year) 10.7+6.3 10+5.2 12.9+7.8
HbA1c% 11.2+54 10.1+4.5 10.4+4.6
Cholesterol (mmol/L) 4.7+1.6 49+1.5 4.2+0.9
Triglyceride (mmol/L) 2.0+0.56 2.2+0.7 2.22+0.12
LDL (mmol/L) 2.85t1.6 2.98+1.22 2.93+1.22
HDL (mmol/L) 1.17+0.35 1.12+0.35 1.14+12
ApoB (g/L) 1.46+0.74 1.45+0.58 1.28+0.46
ApoA (g/L) 1.64+0.47 1.70+0.71 1.76+0.48

Table 3: Freguencies of parameters among diabetic patients and their groups

Per centages
All diabetics Group A Group B GroupC(n=14)
(n=163) (n=35) (n=113)
Cholesterol
> 3.8mmol/L 75% 68% 78% 64%
> 5.2mmol/L 34% 26% 38% 38%
Triglycerides
> 1.7mmol/L 83% 80% 84% 85%
>2.25mmol/L 55% 54% 57% 46%
LDL
> 2.6mmol/L 66% 48% 58% 57%
>3.9mmol/L 17% 15% 20% 15%
ApoB
> 1.0g/L 7% 71% 80% 65%
>1.5¢/L 37% 37% 39% 35%
HDL
<1.07mmol/L 43% 32% 45% 50%
<0.80mmol/L 17% 20% 17% 7%
ApOA
<1.5¢/L 33% 37% 37% 23%
<1.0g//L 14% 9% 16% 14%
HbAsc
>6% 81% 91% 92% 86%
> 9% 47% 51% 48% 43%
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Table 4: Correlation of parameters of diabetic patientsin all groups (n=163)

Cholesterol LDL ApoB HDL ApoA HbAic Triglycerides

Cholesterol Correlation 1 2AT** 353** . 274** |156* .178* -.056-
Significance .002 .000 .000 .046 .023 474
LDL Correlation  .247** 1 .387** .118 -.095- .160* 041
Significance  .002 000 .132 .229 .041 .607
ApoB Correlation  .353** .387** 1 .087 .027 -.096- -.068-
Significance  .000 .000 271 730 .224 390
HDL Correlation  .274** 118 .087 1 .227** -.065- -.098-
Significance  .000 132 271 004 413 215
ApoA Correlation A56* -.095- .027 .227** 1 -.047- -.158-*
Significance  .046 229 730 .004 550 .043
HbA L Correlation 178 .160* -.096- -.065- -.047- 1 .064
Significance  .023 041 224 413 .550 418
 Comelation  -056- 041 -068 -098- 0 .064 1
Triglycerides *

Significance  .474 607 .390 .215 .043 418

** Correlation issignificant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 5:Correlation ofparameters of diabetic patients treated with hypoglycemicagents,
group B (n=113)

cholesterol LDL ApoB HDL ApoA  HbAic Triglycerides

cholesterol Cprr_el _ati on 1 363" 3677 2117 212 .190 .002
Significance .000 .000 .025 .024 .044 .987
LDL Cprr_el_ati on .363" 1 437" 151 .059 246" 135
Significance .000 .000 .110 .538 .009 156
ApoB Correlation 367" 437 1 .095 .083 -.058- .086
Significance .000 .000 .316 .381 .545 .368
HDL Correlation 211 151 .095 1 304" -.169- -.190-
Significance .025 110 316 .001 .073 .045
ApoA Correlation 212" 059 .083 .304" 1 -.015- -.060-
Significance .024 538 .381 .001 .876 .532
HbA L. Cprr_el_ati on .190 246" -.058- -.169- -.015- 1 122
Significance .044 .009 545 .073 .876 201
Triglycerides (_:or_re_l ation .002 135  .086 -.190-" -.060- 122 1
Significance .987 156 368 .045 532 201

** Correlation issignificant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).
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DISSCUSSION

Diabetic patients in this study were
having HbAi1cmean value >9%. In this
study 47% of diabetic patients were
having HbA 1c>9%. Our results to some
extent weresimilar to results of study
conducted by Khatab, et al. in 2010,
in  Jordanian population. Diabetic
patients were having HbA1c>7%.19.
She and her colleague reported that the
glycosylated hemoglobin level vary
among populations.®? It was =8% in
Kuwaiti diabetics. However,in
Pakistani, and in United Kingdom
populationsthe HbA1c level in types 2
diabetics was >7.5%.%9 From our
results 91% of the diabetic patients
theirs HbAic level >6%. In the
literature, the level of HbA1c 26.0% was
associated with increased risk of
diabetic complications.®Y. The
development of diabetic complications
was associated with the level of
glycemic control, that is to sayHbA1c
level.*2, Nearly haf of the diabetic
patient in all groups have HbA1c>9%.S0
that patients in this study were at high
risk of diabetic complication.

It is reported that, patients
withHbA1c>7% had higher values of
cholesterol and LDL when compared
with patients with HbA1c<7%.%% These
findings to some extentsimilar to
ourresults, because our patients were
having HbAic mean level> 9% and
elevated cholesterol and LDLmean
levels.One third of our patients have
cholesterol level exceed 5.0mmol/L, and
>15% of the diabetic patients in al
groups have LDL level >3.9mmol/L.

In this study the diabeticpatients had
high  triglycerides mean levels
(>2mmol/L).However, greater than 46%
of the diabetic patients in al groups
(nearly half of the patients) their
triglycerides levels were >2.25mmol/L.
Ahmed, and his colleague in
2008,*¥found that 78% of their study
population type 2 diabetics were having
high triglycerides level.lt is reported
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that lipid abnormalities in type2 diabetes
were characterized by high triglycerides
concentration.”

Dydlipidemia is one of the maor risk
factors for cardiovascular disease in
diabetes mellitus.*¥The characteristic
features of diabetic dyslipidemia are
high plasma triglyceride concentration,
low HDL cholesterol concentration and
increased concentration of small dense
LDL-cholesterol particles, '

In this study the diabetic patients were
having high cholesterol mean level in all
groups. Our results differed from results
in the literature, where normal tota
cholesterol concentrations were reported
in diabetic patients.(”

Our patients were having increased
levels of triglycerides and cholesterol
mean levels. Greater than 80% of
patients in al groups their triglycerides
levelswere>1.7mmol/L. However, 60%
of the diabetics in al groups have
cholesterol level>3.8mmol/L. Patientsin
this study must lower these levels to

reduce the risk of diabetic
complications. American  Diabetes
Association guidelines for

diabeticdyslipidemia, and the Australian
guidelines  recommendlowering  of
triglycerides to <1.5mmol/L in high risk
diabetic individuals.® The desirable
level of triglycerides is
<1.95mmol/L.*®

In this study there were high LDL and
low HDL mean levels in serum of
diabetic patients.Unlike our finding
Ahmed, et al in 2008, concluded that
HDL level was normal in type 2 diabetic
patients with dyslipidemia. 4

In this study HDL level <1.07mmol/L
was found in more than one third of
diabetic patientsin all groups. However,
in groups A and B, 20% and 17%, andin
group C, 7% of patients were having
HDL level less than 0.8mmol/L.Raising
plasma HDL to alevel >1.2mmol/L are
desirable in high-risk individuals, as it
was recommendedby the American
Diabetes Association (ADA)
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guideines.® Lipid management has
been considered as an effective
approach to reduce rissks in diabetic
patients, including reduced HDL.1) A
low plasma concentration of HDL
congtitutes one of the characteristic
lipoprotein  abnormalities in type2
diabetes.*")

From our findings more than 46% of
diabetic patientsin al groups have LDL
level greater than 2.6mmol/L. Findings
in this study indicated the need for
therapeutic  attention for  diabetic
patients.Current  guideline  treatment
were needed to reduce LDL level in
diabetic patients.*® Shen,® in 2007,
wrote that the abnormalities in the
metabolism of LDL or HDL in diabetic
patients often require pharmacological
intervention.® It is recommended that
LDL level of diabetic patients should be
kept at less than 1.81mmol/L to reduce
coronary artery disease and
cardiovascular risks.

Although their HbA1c mean values were
greater than other groups, group (A)
showed the lowest triglycerides andhigh
levels of HDL when these values were
compared between groups. These
findings indicated that patients in group
(A) were at poor glycemic control and
having better lipids profile thanother
groups. Patients on insulin therapyin
this study were neededgood control of
glycemic status to prevent the
developing of diabetic complications.
HbAic is used as a screening test
because it is used to define treatment
targets in diabetes, and it predicts
complications of diabetes.*Y HbA1c in
diabetic patients should be maintained at
6.5% or less. The lifestyle intervention
should be reinforced at every physician
visit, and HbA1c should be monitored
every three months until it dropped to
<7.0% and then it is better to be
investigated every six months.*® The
adjustments in intervention should be
made if the HbAic level is 7.0% or
higher.*¥ The HbA1cof diabetic patients
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in al groups needed to be adjusted
androutinely monitored because the
level exceeded 7.0%. Although
therapeutic management for diabetic
patients varies among groups, they were
at same distance of increased risk of
diabetic complications.Glycemic control
and treatment of dyslipidemia including
dietary style, practicing of exercise and
using of lipids lowering drugsreduce the
development and progression of diabetic
complications. 1%

The availability of multiple lipid-
lowering drugs and supplements
provides new opportunities for patients
to achieve target lipid levels. However,
the variety of therapeutic options poses
a challenge in the prioritization of drug
therapy.[**Hypolipidemic treatment
leads to the significant lowering of
cardiovascular risk, however despite
trestment cardiovascular risk remains
still very high. @9 In this study, types of
medications of al subjected groups
were associated with lipids and HbA1c
increased levels. These findings may be
due to lifestyle of subjected patients.
Also in Sudan exercise was not
routinely practiced, especialy for
diabetics. Depending on antidiabetic
medications only was not enough to
treat diabetic patients, lipids lowering
agents were a so needed.
CONCLUSIONS

The management of dydlipidemiain
diabetic patients should be based on
patients predominant phenotypic feature
and include therapeutic agents with a
proven ability to reduce cardiovascular
disease events.Diabetic patients in this
study were a increased risk of
cardiovascular disease associated with
dyslipidemia and hyperglycemia. The
assessment of lipid profile in serum of
diabetic patients using insulin and/or
oral hypoglycemic agents should be
encountered to reduce the risk of fat
gain at diabetic patients. And to insure
that diabetic patients were not at risk of
cardiovascular complications.Although
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the decision to initiate drug therapy
must be individualized, patients with
diabetes mellitus who are considered to
be at high risk for cardiovasculardisease
events are in need oflipids lowering
therapy, not only antidiabetic agents.
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ABSTRACT

Phosphate rocks are important in different industries as those of phosphoric acid and
fertilizer. This study was carried out to test the solubility of Partially Acidulated
Phosphate Rock (PAPR) from eastern part of Nuba Mountains area, namely J.Kurun.
Colorimetric techniques were used for determination of the solubility in water, neutral
ammonium citrate (NAC) and 2% citric acid (CA) at 200°C, 400°C and 600°C. The
water-soluble P,Os of PAPRs of partial acidulation at same temperatures were ranged
between 1.40%and 44%. NAC soluble P.Os, 0f3% H>SOswere ranged between
(0.56%and 2.80%. The 2% citric acid soluble of PAPRs sample were ranged between
8.00%and 20.70%.

KEYWORDS: phosphate rocks, partially acidulated phosphate rocks, solubility
determination, Phosphatic Fertilizers.
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INTRODUCTION

Phosphorus (P) is critically needed to soils where indigenous deposits of PR
improve the fertility for crop are located. Partialacidulation  of
production in large areas of developing (PRs) to form (PAPRSs) represents
countries.  The high cost of technology that can be used to
conventional, water-soluble produce highly effective P fertilizers
phosphorus fertilizers constrains their from those indigenous deposits
use by resource-poor farmers. Recently 1.2 Many studies were conducted in
phosphate rock (PR) has been different area aspects®®. Because of
examined and used directly as a low- the availability of raw phosphate rocks
cost dternative fertilizer on tropical in different parts of Sudan to form
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partially acidulated phosphate rock
(PAPR), it is necessary to search for
methods of treatment which allow to
classification and use of the low-
quality- (low reactivity) phosphate
rock.The use of indigenous natural
phosphate rocks had been recognized
as available, low-cost alternative for
the conventional water-soluble
phosphorus fertilizers though they
show large differences in ther
suitability for direct application and
many factors influence their capacity
to supply phosphorus to crops ©.
Although the phosphate rocks with low
reactivity may not be suited for direct
application, their agronomic
effectiveness can be greatly improved
by such processes as partidly
acidulated”.It has been shown that
some partially acidulated phosphate
rock (PAPR) can be agronomical and

economically  effective in  crop
production as compared  with
conventional, fully acidulated

fertilizers,e.g., superphosphate (SSP)
and triple superphosphate (TSP) ®.
Phosphatic fertilizers differ widely in
their solubility in water and citrate
solution®. The solubility tests of
phosphate rocks using chemical
extraction methods are empirical. They
offer a simple and rapid method for
classifying and then selecting PRs
according to their potential
effectiveness. The most commonly
used reagents arewater,neutral
ammonium citrate (NAC), 2% citric
acid (CA) and 2% formic acid (FA).
The three-fold classification system of
PR solubility (low, medium and high)
in NAC, 2% CA and 2% FAare shown
in (Table.1). The system was based on
International Fertilizer Development
Centre IFDC data for the relative
effectiveness of extraction media and
the results of a wide variety of
laboratory experiments and field trias
were reported?),

Tablel: Proposed classification of phosphate rock solubility for direct application.

Rock potential

Solubility (% P,0s)

Neutral ammonium citrate Citric acid Formic acid
High >54 >904 >13.0
Medium 3.2-45 6.7-8.4 7.0-10.8
Low <27 <6.0 <58

The term partialy acidulated PRs
(PAPR) describes two, but very similar
in chemical composition products, i.e,
P fertilizers produced under two
distinct technological processes such
as.

Partidly acidulated, .i.e., less than the
stoichimetric amount of acid required

for complete dissolution of PR with
H2SO4 or H3POsa.

Physica mixture of Single Super
Phosphate (SSP) and PAPRs (reactive
PRs).

Accordingly,processes of PR
dissolution can be summarized as
follows ™D,

Caw(POs)sF2 + y(6-x) H2SO4 + 3xy H3POs + H20 - y(6-x) CaSOs + (3+x)y
(CaH2PO4)2 H20 + (1-y) Cauo(POs)s F2 +y CaFoe.
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PAPRs ae cheaper than fully
acidulated Water Soluble Phosphate
(WSP) fertilizers because less acid and
energy is required per unit of
phosphorus in the product.

In addition, PAPRs are often more
concentrated than SSP. Thus, in some
situations partial acidulation may be a
preferred way of improving the
effectiveness of imported PRs. Partial
acidulation is one way to increase their
water solubility. The  maor
components in PAPR products are
water-sol uble mono-calcium phosphate
and sparingly soluble-un-reacted PR
(12 The aim of this study is to discuss
the solubility test of partidly
acidulated phosphate rocks, from Nuba
Mountain namely Jebel Kurun area,
western Sudan. There is agronomy
need for more detailed information on
the properties of phosphate rocks,of
what partial acidulation of phosphate
rock is important.In Sudan,Kurun
deposits consist  of metamorphic
graphite schist, breccias, quartzite
breccias and apatite and apatite
phosphorite, loca  deposits  of
indigenous phosphate rocks are not
acidulated to diverse their application
increase their efficiencyand decrease
their cost, asafertilizers.

MATERIALSand METHODS

Twenty samples,collected from J.
Kurun area,Nuba, Mountains, from
eastern Sudan,were prepared at the
Laboratory of the Geological Research
Authority of Sudan (GRAS), Ministry
of Mineras, for analysis. The samples
were dried in an electric oven at 110@
for 2 hours, then cooled and stored in
desiccators for analysis.  Five
concentrations of sulphuric acidwere
used to acidify the PRs. 3% , 5%,
10%, 30%and 50% H2SO4. The ratio
of rock's weight to acid volume is 1:1
(w/v). Then the acidulated samples
were dried under sunlight and were
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heated at various temperatures. 200 ,
400 , 600@ , for 2.5hours.One gram
of PAPRs samples were accurately
weighed on a 9-cm filter paper,
leached successively with small
portions of distilled water, until the
filtrate is 250 mL. The filter paper
containing the residual was transferred
to 250-mL volumetric flask containing
100 mL of ammonium citrate
solution.The flask was closed with
rubber stopper and shaked vigorously
to disintegrate the filter paper. The
volumetric flask was attached to a
shaking apparatus in a constant
temperaturewater bath at 652 . Water
adjust level in. The bathshould be
adjusted above level of the solution in
the flask. The flask was shaked every 5
minutes, for one hour , cooled, filtered
and washed with hot water to 250 mL.
The residua was  transferred to
volumetric flask and dissolved by
heating with 35 mL of HNOs and 10
mL of concentratedHCI, cooled and
diluted to 250 mL with distilled water.
The WSP, NAC and citrate-Insoluble P
were determined colorimetrically®®,
Yellow color complex was formed
when a sample solution containing
orthophosphate was added to a reagent
containing ammonium metavanadate in
concentrated HCIO4, was 5mL of
original  samples (PAPRs) were
pipetted into a 100mL volumetric
flask, 45mL of water were added,
followed by a 20mL of
molybdovanadate reagent within five
minutes were added, diluted with water
to the volume mark, well, take to
stand for 10 minutes the absorbance
was measured at 400nm against a
blank prepared in the same manner.

RESULTS

A calibration curve of the absorbance
of standard solutions of KH2PO4 was
deduced and used to calculate the
concentration of P.Os in the samples
solutions see (Figure 1).
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Figure 1: the absorbance of slandered solution of KH2 PO4

Peer's Law plot for PAPRs in WSP, NAC and CA
phosphovenadomolybdate at 400 solutions expressed as P.Os percent is
nm.The percentages of the solubility of recorded in Table 2.
Table2: Chemical analysis and conventional Solubility of selected PAPRs of Sudanese
PRs.
No. Per centage Templ  Solubility expressed astotal percentage of P2Os
of H2S04

acidulation%

WSP NAC W-In- Available Total Citric

SP acid
2%

1 3 200 28 2.00 2.50 275  30.00 13.41
2 3 400 30 1.20 6.75 24.45 3120 15.38
3 3 600 27 2.00 7.88 21.20 29.00 19.20
4 5 200 33 2.80 6.75 2905 35.82 12.00
5 5 400 27 0.72 9.00 18.72 271.72 14.70
6 5 600 44 0.56 6.75 37.30 4456 20.70
7 10 200 38 0.80 4.25 3430 38.80 8.00

8 10 400 27 0.84 450 2335 27.84 8.70

9 10 600 14 2.00 455 1145 16.00 15.50
10 30 200 1.8 0.72 3.88 1.36 252 7.30
11 30 400 4 0.84 5.25 043 484 16.80
12 30 600 6 1.12 4.25 287 712 12.70
13 50 200 4 1.84 4.85 1.00 585 11.60
14 50 400 140 140 6.75 390 280 12.00
15 50 600 160 1.80 4.80 140 340 11.20
16 TSP 090 97 4.00 4510 97.09

Min 140 056 8.00 043  0.09

Max 93.00 4.00 4554 97.00 9.00

Mean 23.74 154 32.02 2096 5.18

Median 27.00 1.30 39.10 19.96 4.83

Std. Dev 2345 092 13.69 2402 215

SEMean 586 023 3.54 6.00 0.54
DISCUSSION contain proportion of 32.02% water-
In the present work the Sudanese soluble-P, and 23.74% soluble in NAC
phosphate rocks were acidified by and 25.29% citric soluble phosphorus.
various concentrationsto enrich those The first approach is solubility test of
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PR using three chemical extractants.
Solubility test using chemica
extractantofferr a smple and rapid
method for classifying and then
selecting PRs according to ther
potential effectiveness 4. The most
common solutions are  Neutral
Ammonium Citrate (NAC) and Citric
Acid (CA). The solubility data for
these conventional reagents differ
according to the strength of the
extractants. This study consisted of a
relative comparison of PRs from J.
KurunNubaMountains area sources
based on solubility experiments using
solutions. These conventional
solubility tests focus on the estimation
of the temperatures and degree of
partia acidulation of PRs. Table 2
shows that the NAC solubility of 3%
H.SO, a 2002 ,4008 and 6000
temperatures was ranged between
1.2% and 2.00%,. Those of 5% and
10% H>SOs4, at same temperatures
ranged between 0.56% and 2.80% and
between 0.80%and 2.00% respectively.
The Mean of NAC solubility of PAPRs
was 23.74% Std. Dev 23.45%.
However, water-soluble P.Osranges of
PAPRs for 3%, 5%, 10%, 30% and
50% H>SOs a same temperatures
were27% - 30%, 27% — 44%, 14% —
38%, 1.8% — 6% and 1.4% — 4.0%,
respectively, indicating theinfluence of
increasing the temperature. The
presented  high  variability  for
(NAC+H20) soluble P20Os% (0.43% —
44.56%), water soluble- P-Os% (1.40-
44.00%) and percentage of water-
soluble soluble P2Os in the NAC+H20
fraction (0.43%- 97.00%), showed
that the processes and materias,
including the PR, used in the
production of the P sources, interfered
in the solubility of the PRs.
Nevertheless based on current
standards, Sudanese PRs meet the
requirement to be commercialized as
TSP (minimum 44% of water-soluble
P,0s5)*® Analysis of the Sudanese PRs
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from J. Kurun area (Table 2) shows
that they contained, appreciable
guantities of PAPR,32.02%
P.Os,compared  with 35.86%P.Os0f
phosphate rocks ores. Being reactive,
25.29%P.0s of their total phosphorus
was soluble in 2% citric acid; they
could, therefore, present excellent
phosphorous sources for soil fertility
by virtue of carbonate content express
as 39.21% CaO. The acidulation of PR,
from  Jebel Kurun area,with
3%H>SO4t0 30% H2SOs increased
WSP from 29% to 31% P.Os and
increased citrate  solubility from
13.41% to 19.20%P-Os representing
total phosphorus.These increases of
total a P were due to the increase of
both concentrations and temperatures.
There is no yet, general accepted
classification system for rate grading
of PRs quality according to their
mineral composition. With the regard
to chemica solubility,9, the
proposed a system for solubility
ranking is stillhigh, medium, low and
very low.

ONCLUSIONS

One of the reasons behind the rare use
of the phosphate rocks as a direct
application fertilizer is its solubility.
To overcome this limitation, the
partially acidulated phosphate rock
was formed and has achieved a marked
increase in the reactivity of the treated
phosphate  samples.The chemical
reactivity of activated raw samples in
2% citric acid and neutral ammonium
citrate, showed improved acidulation
characteristics for al the pretreated
samples.
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ABSTRACT

The use of commercial bacterial inoculants and bacterial broth cultures in inoculation
gave unacceptable results in most studies, this necessitateslooking for locally isolated
and suitable inoculants carrier, therefore this study was designed to evaluate the
efficiency of some locally fast growing Klebsiella like bacteria isolated from
groundnut using charcoa and groundnut shells as carriers. In thisstudy groundnut was
grown in pots and inoculated with different isolates using charcoa and groundnut
shells as carriers and nodule numbers, plant height, branches number, shoot fresh
weight and shoot dry weight were compared. The inoculation of groundnut with the
isolates resulted in significant enhancement of its growth. When the groundnut shells
were used as carrier the measured parameters were improved compared tocharcoal
carrier. The study concluded that two of strains used were the best in groundnut
growth promotion, the two strains isolated from groundnut grown in El-Obied with
charcoa and El-Gezirawith groundnut shells as carriers.
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INTRODUCTION

Peanut is an important crop for small-
scale farmers in semi-arid tropic
regions, which are characterized by
low soil fertility, and unpredictable
rainfall and rain distribution. As soil
nutrient are limited, peanut vyield
depends mainly on nitrogen derived
from the atmosphere by symbiotic
nitrogen fixation. Peanut kernel is an
important source of inexpensive
protein and oil essential for human
diet. Peanut haulm, when incorporated
into soils, provides nitrogen for the
following crop; such as rice, cassava,
maize and sugarcane. This helps to
reduce the use of inorganic nitrogen
fertilizer and provides sustainable
means for agriculture. Improvement of
nitrogen fixing ability in peanut can
improve yield aswell as soil fertility™,
Cultivation of groundnut in Western
Sudan is ill lacking nitrogen
fertilizers, hence three imported strains
were compared to local strains. The
results indicated that, the imported
Rhizobium strain has no benefits for
groundnut production in  Western
Sudan. It was recommended that
nitrogen fixation by groundnut in this
area should be directed to selection and
identification of the most effective
rhizobia strains from the adapted local
popul ation,

Efforts of research are directed to
produce carriers characterized by good
absorption and water holding capacity;
easy in drying, milling, sterilization,
mixing and packing; available and
inexpensive®®; non toxic, with good
adhesion to seed, good pH buffering
capacity, receptive for nutritive
additions and suitable for all rhizobial
strains®® . Therefore This work was
conducted to evauate the efficiency of
some locally fast growing Klebsiella
like bacteria isolated from groundnut
using charcoal and groundnut shells as
carriers.
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MATERIALSAND METHODS

Nodules were collected in August
2011from three different regionsin the
Sudan, EI-Obied with sandy soil
(Arenosols) in western Sudan, El-
Gezira (central Sudan) and El-Gadarif
(eastern Sudan) with heavy clay soil
(Vertisols). To collect the groundnut
nodules the whole plants were pulled
up carefully without detaching the
nodules. Collected nodules were
washed with sterile water and then
surface sterilization was done using
70% ethanol and 0.1% HgCl, and
repeatedly washed with sterile water.
After surface sterilization, nodules
were crushed and then the resulting
suspension was streaked onto yeast
extract mannitol agar (YEMA) at pH
6.8, the medium contains (g / I):
mannitol, 10; K>HPO,, 0.5;
M@gS0,.7H,;0O, 0.2; NaCl, 0.4; yeast
extract, 1; agar, 20 with Congo Red or
Bromothymole Blue. Purity was
assured by routine plating on YEMA
supplemented with Congo red and the
uniform colonies were selected. The
basal growth medium is that described
by Vincent®. After repested sub-
culturing, pure culture was obtained
from a single cell and preserved in
40% glycerol a -200 . For
experimental purposes growth was
incubated at 28%C for ten days.

Growth was observed daily. The
carrier-based bacterialinoculant was
prepared by modified method of
Abdelrahim® by packing each 100g of
Charcod and groundnut shells
separately in beakers and sealed with
aluminum foil. Then it was autoclaved

a 121°C, Ib/inch? for 4 hours

continuous. Each beaker injected by 5
ml of inoculum broth aspeticaly.
Sterile distilled water was added to
each beaker to obtain a moisture
content of 40%. Seeds of the
groundnut local variety (Ghobish)
were surface sterilized by 70% ethanol
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and 0.2% HgCl, and inoculated by
each of the four strains (three strains
were locally isolated from groundnut
nodules grown in El-Gadarif, El-
Gezira and EI-Obied and one reference
strain, TAL169) by adding gum Arabic
(40% solution) then charcoal and
groundnut shells based inoculums was
added separately to seeds till well
coated, dried(15 minutes in the shade)
then sown in pots containing sandy soil
from EI-Obied. The pots containing the
soil were covered with auminum foil

and sterilized in oven at 180°C for 4
hours.

All pots were placed outside under
natural conditions of light, temperature
and humidity. Each treatment was
replicated twice. The pots were
watered as required with non sterile tap
water. Plants were watered and
harvested 8 weeks after sowing. The
root systems of the individua plants
were washed separately then the
relative affectivity of the isolates was
assessed by comparing the nodule
number per plant®.

Plant growth was determined by
comparing branch number, plant
height, shoot fresh weight and shoot
dry weight of the shoot system. The
dry weight was made when the shoot
system was left to dry at 70°C for more
than 72 hour in an air dry oven and
then weighed as was described by
Athar and Johnson?),

All results obtained were compared
with reference strain (TAL169) which
was obtained kindly from
Biofertilization Department, National
Center  for Research-Sudan.The
experiments were carried in Food
Technology, Microbiology Laboratory
in Faculty of Natural Resources,
University of Kordofan.
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DATA ANALYSIS

The results were submitted to anaysis
of variance (ANOVA) by using sigma
stat software program. When there
were  significant, means  were
compared with Multiple Range Test at
P <0.05.

RESULTS AND DISCUSSION

The results showed  significant
differences (P>0.05) for all parameters
measured  when  charcoa  and
groundnut shells were used as carriers
for inoculation of groundnut with the
three isolates and the reference strains
(Tables 1 and 2). For nodulation the
majority of the nodules were found
with small size but, the inoculation of
El-Gezira, El-Obied and the reference
strains resulted in one big nodule with
other smal size for each when
charcoal used. The nodules were
distributed in both the main and lateral
roots. In contrast, the control showed
no nodules. Inoculation of groundnut
with El-Gadarif strain resulted in 14
nodules when groundnut shells were
used compared to the charcoa (15).
However the reference strain showed
the best nodule number among al
strains, the nodule number was 20 and
2250 when the charcoa and the
groundnut  shells  were  used,
respectively. The nodule formation
byKlebsiella like bacteria in groundnut
was reported before by Ibanez et al.(*V
they stated that in spite of the fact that
nodulation ability of bacteria was
confirmed directly after isolation,
several months later some strains failed
to nodulate peanut, probably due to the
loss of symbiotic genes. They aso
stated that the 165 DNA sequences of
seven fast-growing
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Table 1: Effect of the different isolates and the reference strain on groundnut (Arachis
hypogaea) growth with charcoal asacarrier

Strains Nodules Plant height Branches Shoot fresh Shoot dry
number (cm) number weight (g)  weight (Q)
Control 0.00¢ 30.33¢ 10.75¢ 4.22°¢ 1.07°
El-Gadarif  15.00°¢ 29.25¢ 10.00¢ 4.00¢ 0.99°¢
El-Gezira  15.00°¢ 29.00°¢ 11.67° 3.57¢ 0.92¢
El-Obied 16.00° 34.502 14.002 6.412 1.772
Reference  20.002 31.63° 8.50°¢ 4.62° 0.90¢

*Each value is the mean of two replicates.
=*Valuesin column share same superscript letters show no significant differences as separate
by Duncan Multiple Range Test.

Table 2: Effect of the different isolates and the reference strain on groundnut (Arachis
hypogaea) growth with groundnut shells as a carrier

Strains Nodules Plant height Branches Shoot fresh Shoot dry
number (cm) number weight (g)  weight (Q)
Control 0.00¢ 29.67°¢ 12.67¢ 3.91¢ 1.17°
El-Gadarif  14.00° 32.63¢ 15.50? 4.52¢ 1.27°
El-Gezira  13.00° 33.63° 13.00° 4.97° 1.332
El-Obied 13.00°¢ 35.382 10.50¢ 4.72¢ 1.27°
Reference  22.502 33.50¢ 10.25° 5.592 1.17°

*Each value is the mean of two replicates.
*Values in column share same superscript letters show no significant differences asseparate
by Duncan Multiple Range Test.

strains the phylogenetic anaysis nodulation of cowpea after inoculation
showed that these isolates belonged to with different Bradyrhizobium in
the Phylum Proteobacteria, class decomposing rice as inoculants in the
Gammaproteo-bacteria, and included different soils, show that
Pseudomonas spp., Enterobacter spp., Bradyrhizobium inoculants should be
and Klebsiella spp. After storage, these matched to soil type 2. However El-
strains became unable to induce nodule Obied strain showed significantly the
formation in Arachis hypogaea plants, best plant height (34 cm) followed by
but they enhanced plant yield. For the reference strain which recorded
plant height charcoa inoculants (31.63cm). Plant height was the best
showed significantly the least plant when groundnut shells were used, all
height than  groundnut  shells strains recorded best results than the
inoculants, El-Gezira and El-Gadarif control. As for the charcoa inoculants,
strains have a negative effect on the El-Obied strain showed the best plant
plant height when charcoal used; they height (it was 35.38 cm) followed by
showed significantly less plant height El-Gezira strain (33.63 cm) then the
than the control, this may be due to the reference strain (33.50 cm) and El-
nature of the soil (Vertisols)from Gadarif strain (32.63 cm) compared to
which El-Gadarif and El-Gezira strains the control (29.67 cm). For branches
were isolated and the nature of the soil number only two strains showed
used in this study (Arenosols) as it was significantly best results than the
reported that differences in the control when charcoa was used, El-
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Obied strain (14.00) and El-Gezira
(11.67), al other strains including the
reference strain showed significantly
branches number less than the contral.
The branches number was significantly
higher when groundnut shells used as a
carrier. El-Gadarif strain and El-Gezira
strain gave branches number more than
the control while the other strains
showed less branches numberthan the
control. The fresh weight of groundnut
inoculated with the different strains
was only improved when El-Obied and
the reference strains were used with
charcoa. The other localy isolated
strains gave fresh weight significantly
less than the control. However, when
groundnut shells used, al strains
showed fresh weight better than the
control, the best fresh weight was
obtained by the reference followed by
El-Gezira, El-Obied and El-Gadarif
strains, respectively. The best dry
weight was obtained by EI-Obied
strain when charcoa was used, the dry
weight showed significant difference it
was 1.77 g and it was (1.07 g) for the
control, the other strains gave dry
weight less than the control
significantly. On the other hand all
strains recorded significant difference
in dry weights they were more than the
control when groundnut shells used
except the reference strain which
showed dry weight the same as that of
the control (1.17 g) i.e there is no
significant difference. The dry weight
was 1.33 g when the groundnut shells
were inoculated with El-Gezira strain
which was the best than the others. El-
Gadarif and EI-Obied strains gave
same dry weight (1.27 g). From the
above results using of groundnut shells
as carier was found better than
charcoal. These results in agreement
with others, they reported that among
the sterilized carriers, groundnut shells
was found to be the best in maintaining
high number of rhizobia®. However
the same author reported that charcoal
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is the best to be used as carrier for
Rhizobia.Also it was stated that the use
of carriers containing high organic
matter could increase bacterial survival
and led to efficiency improvement of
biological inoculants*®. The same
authors aso stated that the weakest
carrier was activated charcoa.Since
the shoot dry weights in this study
were found significantly higher than
the control when groundnut shells were
used with all strains, this means that
our isolates are affective but the
affectivity depends on carrier type and
increasing of shoot dry weights is
indication of the ability of our isolated
to fix nitrogen. lbanez et al.V
reported that although there was no
direct evidence for the contribution of
these peanut fast-growing strains to
nitrogen fixation, at least the increase
in the shoot dry weight of plants
inoculated only with the Klebsiella-
like isolates could be related to their
ability to fix nitrogen. Other
mechanisms, such as the secretion of
phytohormones could aso have
contributed to the plant growth
promotion  observedY. Somasegaran
and Hoben reported that increase in
shoot dry weight of inoculated legume
is occurring as a result of increasing
rate of nitrogen fixation.Finally the
application of selected carrier materials
for the bacteria inoculants proves to
be beneficial to protect the bacteria*?.
CONCLUSIONS

The promotion of the groundnut
growth  was  dsignificant  when
groundnut shells used as carrier. The
strain isolated from EI-Obied soil was
the best in promoting groundnut
growth when charcoal was used as
carier and El-Gezira strain was the
best when groundnut shells were used.
The affectivity of the isolates depends
on the carrier type.
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X11(1)  X12(1) T X1p(1) X112) X12(2) 0 X1q(1)
_ X21(1)  X22(1) T Xzp(1) X21(2) X22(1) T X2q(2)
Xn1(1)  X11(1) 7 Xmp(1) Xn1(2) “*n2(2) 7 Xnq(1)
X1(1)" X12)"
= (20)
Xy’ ¥ne) -
D OsS Aall Cillau fila dnia g
% - ..
[ p+q 1] 3__C,2
ITEN
- i = &
£1=;zj-n:0£j(1) ) £2=;zj-n:0£j(2) ..................... (21)
P osS el dlidall laally cplall 48 giae Jiallyg
S11 S12
Sp+q pbq =
521 522
RATEN
. ~ o
SkL = Ezj"zo(xj(k)— E(k))( XL~ EL K, L=1,2 (22)
p Aakhal) Sl Aal) oS5
u=aX; , v=bXo..., (23)

;A ealdals )
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—_ éSlZE
Moo=

@S1,a bSy;b
zooV Aale 8)50ay(99-2) Apsil) aliey AU, Vaghall QS 75 58 dayil) Aigal) Gy (e 753 Jsls
Liip je g .(24) Andll adasin 3 Uy, Vi ahall STl =95 o Aagll duall Slpie (K )
ol 2 LS gl Ll Ll K™ Gopmy Uy, Vi o Aaad) L)y k=12, k-1 z153Y) e
el aill phall s amsdl Laygll el A 12 M2 2 M Aedl el Gl
Jslall e e s amsill il 755 o0 KM QL Ay, bycleatially S51S7718,,577 4 siuanl

S32 521511 S12bk= 7 by
511512572 S218K= TRk vevvveeeeeeeeiirieen, (25)

e e r]% alu;
812817 S218k — 7S5 =0
(¢ QS J<a bl Suds cual o oSey (3 dasill il sae g L) sa s aeadl Jlsadl g
oalyitly ¢ jall e Lgine calian Al dasall GlhlayV) e T oaxe A b eSS Jlgad) 13a dlals

lodie Caiging clgali Al dpmydll Hlidl 3 e Wld oDlef axall dpuajd (b & Aol calS WS

oSy sty LIS HED HE L HTTY sl e o) Gmpaty - HY s dns g

A8 4 Ayl oyl (pe f-1 Jadh a3) ey (cal faY) 13as . Algiie cilS (Hoj j=12,..r+ 1)
& Bnaall aill dally pailiadll (e llliay, CUlLal Suads Caas]

var(uy)=var(vy)=i

cov(Uy, Ue)=corr(ug, Ue)=0 , kze

coV(V, Ve)=corr(vy, Ve)=0 , kze
CoV(Uy, Ve)=COrr(Uy, Ve)=0,kze, K.e=1,.....p .ecevriiiiiininnnnns (26)

canonical weights 4aisall ¢ s¥) Glus

it aysill BVl lasal) Alas) 5181 aladinly 406 de genallilis V) de genallyil Ziaalil
Ae ganall (i Clpria ) s IV A senal) Clpria e (sF 5B 88 i Al Al i) Sle
DY) de gandll (uds it ) Fansd B e ganall e e slili 88 Ladly (1)

A5V aadl) Asiall Alslas paiid daysdll 5Y) sl

(M=A)=0 ..o, (27)
ol s
M= Sy Syx S 'Sy, (28)
tst el Bl Leia iy Al glé P< g oSy dusy
S lSxy Sy ISx — Al v, (29)
ot asill Bl Lgie zpdie ) Abled) (B qSp olSs Camy
Sy ISk SISy — Al e (30)
— O s
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X Ao gaaall 4 cligindl Var-Cov J 4 sias =Sk

Y dcganall 4 @bl Var-Covdlid sias =Syy

XY dcganall A clbgiuadl Var-Cov Jiad gae=Syy

e e Jpmnll Koy LS b)) ddsiias aladiuly apdll BN e Jguand)l Iy 4ils Gl
sl il cplall — cplall d8gdias

psl) L) Ay gina Ll

Aligh JSlasy) Jaally dueal cids same llali) & lgde Jpanll & ) clbliy) JS
prsil) Lol DU JaSalle salisn asill Jali V) 4y ginaylidld 1A candiianall Gudaill 8 Ll g1, 50 culals)|
Dsdall Lygiee LAY dald Allae (g Cus 21938 ale & (Bartlett) allell 3,Sall sda sl Cua
olial & Ay LeS g Ayl

6 o laaV L Aalall duaill o)

Ho:Rxy =0
Hi: Rxy#z0

Ay slaall 85 o Canad ) X2 5e Laal alasiul 2y
X2 = —N+ 0.05(p+ g+ 3) logw ..., (31)

WIlK 5sluan) oo W o) m

Wilks— w = [15,:(1 - R%,) e (32)
aasill 1oLV Jalea 0 yeiRZc;
La e Ll Bsinane (0S5 @AY Aapsill a1 A old cgginane Js¥) msll) BLY) IS 130
sle oumll sl o ity AN e Ay lin (gypm (oh 5 Aysinall sial) Dpaal sl of g
el s e o) dpsieallysiall o 585l dysina il sdal) sladind Pla (e cllyy Sl
Prediction Sum of Square (PRESS) giill ilaysall £sana
i e il Al RS aimg i 5 ) RS aams (sl Clapyall prane i
Al ey (1) Lonbia el o Jiay T3ag ¢ laa e IS Clladlal dlaly asii . 53] nj0 Jalaal
hiall Taially (N) 8 Aysaill o UadY) dai e sadine ¢ bye IS ol 3laldl

Yi— yi‘_‘l:ei’_l (i:1,2,...,n) .......................... (33)
¢ Aiphll odg iy LY oo Al Vi 48 00 A 4w cladl sa and) laaial) Iha

adlall L HLaa) Jiia 138 ¢ il 3 pady Aillaall Aialfie lealidind (S ¥ ;o) daadll)
Vi XTXj, o o Al )l Ak g ey yp g
Liba g ol a8
yi.—‘l:Xib—i ...................... (34)
zasad JS elliay Cagus 1305 ith 3 Adaadlall sl 050 inan] clabead) (o de gene b_jdiss Cam
VIS Gy (el A e ) Jadny Lo lilaie i in (N) iiye
PRESS :Eni"zl(yi = Yi-1)?
=Zi:1(eiv_1)2 (35)
(k) el

A2 s8N el aladialy g girall LN Cild ) paiial) aaad
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Ay palll Cfpdiall F o Lis)y wilk'sLambda jLis) gilis : 1 Jasa

F Wilk's Lambda
A Xo1 2.756 0.966
2 Xoz 2.478 0.970
3 Xoz 2434 0.970
A4 X oa lpal) 1.308 0.984
5 Xos gl 3.046 0.963
.6 Xos 0.338 0.996
7 X g Leia Y lLal) 0.181 0.998
.8 Xos 0.413 0.995
.9 Xog - 2.653 0.968

A ulS Cun J) Jalal) il sa (Xos) digall iar (s3ls Xos_aiiall (1) Jsaad) (8 Ladadl e
F esbs (illy ) jsndl F zyaiw & . ( 3.046) F 4ad ,Sl5 (0.963)wilk's Lambdases Jl
wilk's Lambdag |aiuls a3 clshall gas & . ( 3.046) sk slishall oda & Jalall il
QK ((oshad S 8 daaiinall Cilisiiad) 8 et pe ) diludliphl) s Jaly e el JIF,
Jsaally ALl JiaygXog s Y1 Jalall juriall of Jaadlis WS A3 el pariall Ay 2)lal) il

- odlefll) Ll cilshall =il Aada un(2) )

@JP@W‘I{M‘L}M‘ <l uiall JR) 22 VIR

Variable
Step enter Wilks' Lambda and its F to remove and its degrees of
degrees of freedom freedom
- 0.984 1.308
1 Ko 2l (6,4317) (24, 0.267)
5 Xo2 0.970 2.478
: (4,4,317) (16, 0.044)
3 Xoz 0.970 2434
' (5,4,317) (20, 0.047)
4 X ) 0.968 2.653
' o (3,4,317) (12, 0.033)
5 X 0.966 2.756
' ot (2,4,317) (8,0.028)
. 0.963 3.046
6. Xos el (1,4,317) (4,0.017)

i) o Gaall) J) g (oSS
el JIgd s -1
. B cDleleall ddshins zyainiili hoad) g atiuls sl 801 ld i) yaa5 ey
s R Adghadl miain & (1) daleal)
R=S!B
Gl il Al mpaia, Sl Jlsa e adly JS0 Aail) Gadl mas Ally died) adl) aaa ey
(3) Ay Jsaall LS il il g Alalaall e @l g Jlgall (e 413 JS asim s 3

Sl J1sal il & i) ansll) -3 Y1 XA

Function Percent of Variance
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67.9
28.0
3.0
1.1

A WNPRF

Aial) a2 hat) 2ey il e 95,9 Glayin Agllled V) allall o (3) Jsaadl e Laadls
ol Jsaal) b dsimse LS OGS al) cDlelas 7 pdias Lguasas

sl jpsail] g lolea A Jyan)

Function
Coff 1 2 3 4
Qlpaiesl) 0.093 0.059 0.034 -2.265
o2 -0.276 0.826 -0.406 -0.112
03 0.582 0.571 0.430 0.167
Olgaleal) 0.439 -0.291 -0.143 -0.099
OlsAigl! -0.499 -0.214 -0.567 1.594
Og - -0.336 -0.033 1.052 0.719

p DS Sl Ul BES (Ko Sl cBlalan 383 2xy
b okl (e %67.9 A oyl 1 A1 A
Z'1=0.09301-0.27602+0.58203+0.43904-0.499055-0.33609
o oplal) (e %28.0 A i ¢ Al
Z',=0.05901+0.82602+0.57103-0.29104-0.214-0.03309
bl e %3.0 A mplng ¢ ZAIEN Al
Z'3=0.03401-0.40602+0.43003-0.14304 - -0.56705+1.052019
bl e %11 A g 0 Al Al
Z'4=-2.26501-0.1120+0.16 703 -0.09904 +1.59405+0.71909
Classiffication il
LS il i (5) Aaladdl & LSCj cnlllll Al (6) abaall cova O'SElalaall 7 jac

ClassifficationDiscriminant Function Coefficients civiail/ S <laleo 5 Joant/

Function 1
Coff 2 3 4
Qljgaaad 0.041 0.026 0.015 -0.994
Qi -0.562 1.680 -0.825 -0.227
Qi3 0.774 0.759 0.572 0.222
Oljgadadl) 0.240 -0.159 -0.078 -0.054
Qljsigal) -0.131 -0.056 -0.149 0.418
Oig - -0.450 -0.045 1.409 0.963
(Constant) 0.193 -3.063 -1.178 -0.060

—:%;'&\S Ualaall ey
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Z'1=0.0410i1-0.5620i>+0.7740i3+0.2400i4-0.1310i5-0.450019+0.193+I np;
Z',=0.0260i1+1.68001i2+0.759030i4-0.1590;5-0.0450i9-3.06 3+ np
Z'3=0.0150i1-0.8250i2+0.5720i3-0.07801i4-0.1490i5+1.4090110- 1.1 78+ npi
Z'4=-0.99401-0.2270i2+0.22203-0.05404+0.4180i5+0.96 30i9-0.060+ npi

Eia(7) aledll 3 LS Posterior Probability daad) ey laal¥) zyaiu odel dlsall 71l ae;
dcsandl syl gy Jlial g dad 0S5 20U YL a8 dayl L oy 4ad JS) ()5S
- Y Jlaal ded 581 lE Al de sasall ) Caiad Cus, AL
Canonical Discriminate Functionazsall juail aladialy jaadl) Jiga ¢ U
SISy e ganall Aplinall Ol a1y o sial) slagVsl callay sl ail) Alandgy Suadll Jlga el
(1) Jsaad) il L) Jeagl 5 aily el cibssdl Bl Wilk's lambda sl gt
Wilk's lambda des Jils (3.046) F J dad <) cul&(Xop) digal) e of Laady(1) Jsanll (pad
@ e el G uadll 8 4aalise SSY1 i) sed aile (0.963)
ciiall) &5 Gaadll Jlga (eSS
Jeadll Jlgd (S

B clebeall dbghias zydin LS il diadl zhatuly st a0 ld il pita) ot ey

(6) sy Jsaall dlld gy Cua R ddsind) zyaie & (1) dabeall cas
:Box'sM il i 6 YIS

Box's M 158.535
F Approx. 0.812
af1 180
dfr2 64373.551
Sig. 0.970

il il danal) 73 Sl Jlss (e Al S i) ZaanY) il Ausall ) apaad sy
(7) (‘é) d}.\;ﬁ\ ‘“55 LS call ;ﬂ].ﬁsj (Z)MJM\ a d\}ﬂ\ %) adla K Aaiag L.S-m

psdl] _padll Mol (plill Lygial) caail] 27 Jgand]
Percent of Variance for Discriminant Function

Function Percent of Variance
1 62.8
2 31.3
3 3.6
4 2.4

G Bl e B ag ool g 941 glads Agllly JY) il o (7) dsaadl e Laadls
G o Spall (& dlsall HS) aps amy daball Sud o e du 13y (4) dsaadl (B Gallall Lea s

28 Uyl daiga LS Suaaill cBlalan o g pins Al sl £)35) days. wysill Saacll &gk 4glass

(8)
Canonical Discriminate Function CoefficientSassdl/ juaill Jlso <dlalea:(8) Jsand/
Function
Coff 1 2 3 4
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o1 0.083 -0.038 0.661 -1.416

o2 -0.294 0.731 -0.180 -0.382

o3 0.533 0.585 0.421 0.104

Ol ALl 0.451 -0.247 -0.094 -0.059

0I5 4igal -0.513 -0.107 -0.810 0.818

Os 0.169 0.186 -0.295 0.644

074 Lia YAl -0.010 -0.069 0.504 -0.030

Os 0.135 -0.423 0.030 -0.132

Og E -0.342 -0.041 0.635 0.850

P VIS Sl e RS (S il llae 3anT ey
ol (e %62.8 A 7y S A
Z'1=0.08301-0.29402+0.53303+0.45104-0.51305+0.16906-0.01007+0.135018-
0.34209
b bl (e %313 A g ¢ Al Al
Z'2=-0.038011+0.73102+0.585013-0.24 704-0.10705+0.18606-0.06907-0.4230s-
0.04109
ol (e %3.6 A g ¢ AANEN Al
Z'3=0.66101-0.18002+0.42103-0.09404-0.81005-0.29506+0.50407+0.03008-
0.63509
b oplal) e %2.4 A g 0 Al Al
Z'4=-1.4160,-0.3820,+0.10403-0.05904+0.818015+0.6440-0.03007-

0.1320s+0.85009
Structure Matrix ) all &l yaie G balsi V) 4d sine 19 YI XA
Function
Coff 1 2 3 4

Xoshigal -0.635 -0.055 0.150 0.327
Xo1 -0.600 -0.035 0.417 0.103
Xoo - -0.581 -0.008 0.535 0.282
Xoa Alssl 0.390 -0.204 -0.161 -0.217
Xo2 -0.336 0.652 -0.207 -0.402
Xo3 0.442 0.486 0.468 0.241
Xo8 0.075 -0.314 0.124 -0.061
Xorie Laia YIRIS Y 0.101 -0.093 0.416 0.054
Xo6 0.039 0.225 -0.149 0.683

Jiags Xo5 il of Jaadlsd L Al giaal coun o dalsall i W sy o3lef (9) dsaad) e
canll Jiars Xop ke DAL s ecagall il &, Gl 8 Clpriad) aalsa digal)
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Canonical Discriminate Function Coefficientsy) PEDNgBIYU o F aglds:10 Y! &4

Function
Coff 1 2 3 4

Qi1 0.037 -0.017 0.290 -0.621
Qi2 -0.597 1.485 -0.367 -0.776
03 0.708 0.778 0.559 0.139
a4 Adpall 0.247 -0.135 -0.052 -0.033
05 digall -0.134 -0.028 -0.213 0.215
Os 0.066 0.073 -0.115 0.252
a7 LaiaYidllall -0.011 -0.075 0.548 -0.032
Og 0.243 -0.758 0.054 -0.236
Og - -0.458 -0.055 0.850 1.138
(Constant) -0.162 -2.032 -2.336 -0.406

Aaleall A LS WV aladll (5S35

Z'i=0i1X1+0li2X2+Qi3X3+0i4 X4 +0is X1+0li6 Xe+ Oi7 X7+0ig Xg+0ig Xo+H N i

Z" =0.037ai -0.5970;2+0.7080i3 +0.2470i4-0.1340;5+0.0660is -
0.0110i7+0.2430i8-0.4580i9-0.162
Z'2=-0.0170i1+1.4850i2+0.7780i3-0.1350i40.0280i5+0.0730i6-0.0750i7-0. 7580 -
0.05509-2.032

Z'3=0.2900;1-0.3670i2+0.5590i3-0.05201i4-0.21301;5+-0.1150i6
+0.5480i7+0.0540i5-0.850019-2.336
Z'4=-0.6210i1-0.7760i2+0.1390;30.0520i4+0.2150i5+0.2520i6-0.032017-
0.2360is+1.1380ii9-0.406

ilea) 3 LS Posterior Probability dasdUl c¥laa¥) gzt odtel Jisall zhatul ae;
& 3334l gy Jlaial Ta s dad JS5 2 ey Lasd 8 Kuj et Ay 4ad JS1 ()5S0 U"_\:\;(7)
3aY Jial ded 58 Qs ) de seaall ) ol s, ALl de gendl)

Cilay yal) £ gana aladinly (g ginall Ll 3 i pitial) yaas

ol ey LS il o A ol dglas) ANS @ld @lpsiall of (11) Jeaall (e Jasdl
s Cbadl oampall o gsine 50 L clsial o) e 138 0.05 ,SI dedl b3 5 0.559
- oaxall g5l Ll
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(K.M.OYaial) &S Ll : 11 Y1 ¥

0.000 28 353.271 0.559

b D 3MJ- a5 meslS Jlasl: 12 YISA

Adlaiay) dagll A allda os paaslS dad
0.000 322 0.375 X2
0.000 322 0.293 X3
0.000 322 0.235 X4 ALl
0.000 322 0.159 Xgaigall
0.000 322 0.221 Xg
0.000 322 0.264 Xodae Lda Y1)
0.000 322 0.447 Xg
0.000 322 0.280 Xg :

Sl %5 (e sl Adlaa¥) adl) o Cagipans — CagymedlS HLaaY Slaay) dilaill il e sy
s ok B dadl apdl diis ¢ ekl apall ai Y chaidl Qb B aaed) Gy Ll
Sl Gy Cbadl) ) o gsine 50 Led cbuidl o) e e, xgdal) a5l afy <l pial)

SRS RPN
F LUNEZolDALYs U : 13 Y &3
acLaia Yl Tagall ALl
1.75 1.31 1.88 411 6.99 2.74 1.90 1.43
2.00 1.00 2.00 4.00 7.00 2.00 2.00 1.00 Loy 5l
1 1 2 4 2 1 2 1
0.453 1.596 0.956 1.086 0.010 0.594 0.771 0.264

il g3 (o) Blaia slEN) ol ing 138 il = Jageagll = Jausgll ¢ Lasy (13) ol m oy

- bl sl i ) e oy 1 L e
Linan | quua Al pall ) paial Jadd) jlaady) Ailaa
y=3.03-0.005X01+0.327X 02+0.236X 03+0.0005X 05-0.0186X 05 -0.117X 09
FUNEZZT a5 a5 lasi¥) b gad Edlalna a0 ¢ 148y J 52
Predictor CoefSE CoefT P
Constant 3.0264 0.3726 812 0.000
X2 0.3272 0.1628 2.01 0.045
X30.2357 0.1064 222 0.027
alaalix,-0.00028 0.04395 -0.01 0.995
43gallx; -0.01856 0.03296 -0.56 0.574
Xg0.1171 0.1692 0.69 0.043
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D) Jalaes 0.000 (s5bss By laadY o i) e3ad) o JSU Jlaia¥) dag (14) Jsand) (o ey
D) lasil Jalaas 0,045 (g5 Xy (S el Jlasdl Jaleas 0,043 (g5bs Xq J5¥) il
DA o B aaed) gl iy Sy %5 Aysiee s e i a5 0.027 gslas X )
D) zisal & il il G B Jad) (m ) Jiis o gsine g V) zdsa b culil)
o sl Jadl e LlaYl 2Nl b gsina L8l curiall G ey 13, gsina

Jiii by %5 dyginall (gsine oo S Gillall & AlaaY) dadl) o aad X5 ¢ Xy J Al L
c ) dygina b cplebaad) (3l Aygine ey ) apdll abyig aall (g all

' UNFEEF L) s SIRIEyMDKRLS Y6y

Source DF SS MS F P

Regression 5 21.429 4.286 2.09 0.066

Residual Error 316 647.266 2.048

Total 321 668.696

Gsisa (o il a5 0.066 sl lysiall Adlia¥] dadll of (15) Ay ol Jilad Jsas (e gy
dadl Gyl Jiig ¢ Aggiaa pe iVl Elalae b B adadl Gl =i p Jdlly %5 A siaall
Qi) (myar bl ZMe 4 gsiee il il of i 13 Aggee jlaaV) EDlae ol S

. QA)'A\ L;}SSX\
f (LN A)Fd @F6 NEBZ: 16 Y

Obs Fit SEFit Residual StResid

7 2.00 1.0000 4.0152 0.2034 -3.0152 -2.13R

16 2.00 1.0000 4.0160 0.1900 -3.0160 -2.13R

41 2.00 1.0000 3.9964 0.2126 -2.9964 -2.12R

128 2.00 1.0000 3.9235 0.1862 -2.9235 -2.06R

313 2.00 5.0000 4.2350 0.4350 0.7650 0.56 X

314 1.00 3.0000 3.9072 0.4213 -0.9072 -0.66 X

315 2.00 4.0000 3.5279 0.3994 0.4721 034X

316 2.00 4.0000 3.7633 0.3764 0.2367 0.17X

317 2.00 5.0000 3.5268 0.4003 14732 1.07X

318 1.00 5.0000 3.2001 0.3882 1.7999 131X

319 2.00 5.0000 3.5268 0.4003 1.4732 1.07X

320 1.00 2.0000 3.1993 0.4149 -1.1993 -0.88X

321 2.00 1.0000 3.5265 0.4124 -2.5265 -1.84X

322 1.00 3.0000 3.2004 0.3889 -0.2004 -0.15X

R denotes an observation with alarge standardized residual.

X denotes an observation whose X value givesit large leverage.

S=143119 R-Sq=32% R-Sq(adj)=1.7%

PRESS = 671.576 R-Sq(pred) = 0.00%

i) Jalye )Jisdl yiall of oline 13as %17 (gobs Jorad) aaaill Jalaa of oDlel aiill (o eaaly

¢ ool Jsaall 3 daiage WS ilslly daglill il 8 Chaat ) clysill (e %17 ey (siSU
- sl Uadll lgia g al Jalse ) aanns
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fo WSy g g gally Lalall clalimal) (e el old duball it YA o
cOaal) e sy gl 3)0al shaeal) AN (1
il gAY el Lulg Sl gsine il lia ol L) g ) bl coplal Jal (2
AN el G e Agal) Jiay A
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