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ABSTRACT

In this paper, the solution of the fractional differential equation x(D_:"y)(x) = | %49 )(x)

a,b,pw,0*

with the initial condition (1 %% y)(0,) = ¢, was investigated, based on the Hilfer's fractional

derivative.

oaldiall

X(Dy'y)(x) = | €999 ) (X)  Ao—Sl Al il i abaall Ja i _dilie —SAF)Ml5i a8
bl 4 el dsiaal) e saaiad) (] é{*VXH) y)(0,) = ¢, Ayl bag il Wl

a,b,pw,0*
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INTRODUCTION

Mittag-Leffler function has been studied in
the early 1900s*?, its importance is realized
during the last two decades due to its
involvement in problems of physics,
chemistry and applied science. Further
properties of generalization of Mittag-
Leffler function associated with fractional
calculus operators have been studied “-9).
Kilbas made relevant references to analytical
solution of initial and boundary value
problems  associated  with  fractional
differential equations”, one of them is
Cauchy type problem

O V0=l €}, )0+ @
with the initial condition (D! *y)(0,)=b, .

The homogeneous differential equation
corresponding to (1) when f(x)=0 is a
generalization of a certain first-order
Volterra-type integral differential equation
govering the unsaturated behavior of free
electron laser ¢9),

Hence by wusing Laplace transform
method @, an explicit solution on L(0,) of
a more complicated fractional differential
equation than (1) can be given which
contains the generalized Riemann-Liouville
fractional derivative ~ operator, 019
Df()=D"D"f(®¥] mt>0,  v=m-m0
The following definitions were used in this
study,

Definition (1):-

(i)- Hilfer's fractional derivative ©® is defined
as:
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(D2 )(x) = [I o j—x(l S )}(x)

and its Laplace transformation ® is given by
LD )9 =s"Lf (k9 -5 (195 (x)0,)

(ii)- An integral operator ¢34 is defined as

(€29 1) =] (x-"Egslwx-1)* ] et

(iii)- First order differential equation 517
y' + p(X)y=Q(x) has the solution

vy e’ p(x”’{ﬁIQ(X) e }

(iv)- Laplace transformation is given by :©
; Jds* @)@ | x
RN - o Lba)(ds) J

(v)- Also another Laplace transformation
see("1820) s given by

l W, s\b1
L{ﬁj [t o ot s } gz(d)p r(an+b)§“**’have

(vi)- The two —parameter function of Mittag-
Leffler @3 js defined by

E.n (2= ZW

(vii)- Generalized Mittag-leffler function -
defined as

E994 (2) = i 9)n2

) an+b)(d),,

We need the theorem proved by ®®

a>0 b>0

Theorem (2):-

In the space L(0,0) if the fractional
differential equation is considered

(D, y)() =1 (€211, )09 + F(X)
O<u<l1l,0<v<l, g,a,b,weC,

with min {Re(a),Re(b),Re(g),Re(d)}>0
and p,g> 0, and with initial condition
(15495 )0,)=c, then we have the

solution
u-v(l-u)-1
y(X) =C——+ b+UE§J b+u+l, p(WXa)
u—-v+uv
i (t)dt (€)

1
+WJ‘O(x—t)

Proof:-
Using Definition (1) (i) and (ii), also making
use of (iv) we can get

L(DE(y)) = Ll (€22, ;) + L(F (x)).
Hence
SL(y) - s (159 (y))o,) =

| L[ [ (-0 ER g (x -ty dt} FL(F(X)

According to Laplace convolution theorem
1 and by applying the initial condition we

$Y(9-cs® =1 LhEESS Wit [9+LM)© +F(©

157 {(g,q),(b,a),al) ;W}HF@
o (b,a),(d, p) s']s

s {(g,q),(m) ;ﬂ}m)_
o dp ¥

Divided the above equation by s" we get



Journal of Science and Technology Vol. 13 December/2012
ISSN -1605 - 427X
Natural and Medical Sciences (NMS No. 2)
sust-journal@hotmail.com
|s**d = | (g+gn) 1+ Hvw a
Vgoceesn S IQEDEN Wy ooy =X pEses,, (w),
ﬁ; < )Jd+pyd \S (u-v(l-u))
Taking Laplace inverse of both sides of the Progf:- - _
last equation, we get Putting f(X) = X" EJ} .0, (Wx®) in (3) we
lde i(g+qr))(1+r) get
)()chl:l[g(l—u)—uk)g Y V\?L—l[s—m—b—u—l] ~ xu-v-u)-1 b g .
y(X)—C—+|X Ea b+u+1,p(vvx )
Jg 5" rl@+pd ETE
1 x
1 =[x = O P ES D L (we )t
NEIRETS) M
u
But
where %jox(x—t)“1tha9;‘,f,'f1'p(wta)dt =

u B Xu—l
s "F (s) = L{ W f(x)}.

Again applying Laplace convolution
theorem, we get

u-v(l-u)
y(X) =C——rr—x+I| Xb+u g:(;fuﬂ,p(vvxa)

u—-v+uv
1 x u-1
+ﬁ jo(x—t) f (t)at,

which gives the solution.
Remark (3):

If we put f(t)=t"ES{ ,(wt?) in (2) we
get the following particular case of (3)
which is stated in the next lemma.

Lemma (4):

Under the same conditions of theorem (2),
the following fractional differential equation

(DY) =1 (€209, ;) + X" EZTE , (wx?),

a,b, a,b+l,p

with the initial condition (18%"j)=c
has the solution

LlL[%IOX (X— )" P EIS (wt® )dt}

= LI{L[ X ](S) L(X"" LR o (WX ))(S)}-

Ju
From Definition (1) (iv) we get

1 X u-1¢b —g,d,q
Ejo(x—t) tESDS ()t

YL {(g.qo,(bua),(n) ;w} 9
¢ g b+),dp 'S

)@ +an))(L+n)
n')(d + pn)

2]
S
) n

— nz.jo (d ) pn WnL—l {S—an—b—u—l }(X)

R .
=L EZ (x)(4)

—~
«Q
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B (g)qn Wn S(an+b+u+1)
o (d) )(an+b+u+1)

__ yb+upgd,qg a
=X Ea,b+u+1,p (VVX )l
by applying Laplace’s convolution theorem.
Hence the solution is given by

u-v(l-u)-1

y(x) = ¢ —
)(u - v(1-u)
(I +DEZS N, (w *).(5)
RESULTS
Now we give our main results
Theorem (5):

Under the same conditions of Theorem (2),
the following fractional differential equation

X (D 'y x) =
(e300 ) x) (6)

, pw o,
with the initial condition

(159 y)0,)=c, has the following
solution
u-1 u-v(l-u)-1

Y(¥) =€, "+ G — v
ﬁ (u—v(@@—u)

TI 7 (x—1) " EZD L Ww—1)? dt (7)

where c,,c, are constants.

Proof:
We will use the same procedures as in
Theorem (2) in addition, we can use

Is) =0 Lxyoks) (@
Now take the Laplace transform for both
sides of eqgn. (6)

L[x(D,"y)I(s) =1 L[eZ74, . 1(s).

Now using (8) with n=1 we get
a u,v u,v
Loy ke = oLhogryke

From definition (1) (i) and theorem (2), we

have
s b-1 W y
ﬁ 3 2

2 [#v(9-ese )=

(d, p)(b,a) st
s'Y'(s) —us" 'Y (s) - vl —u)s' Tt 4
AN {(g.q),a,l) .ﬂ} _
ﬁ 27 1

|:(g! q)l (b ,a )! (1;1) . W:|

d,p s
Dividing the above equation by s", yields
V(9 - YO -GL-ys

ls*’“T {(gq)(ll) }O
o L a@p s

Which is a first order ordinary differential
equation then, the solution of (9) is

Y(9) = ex;{— _[ l; dij

©)

ClV(l— U) Sv(l—u)—u—l _
C,+ _[ I sPtd y {(Q,Q),(ll) _W}
g “f @p s s

_exp{f szdsj

So that

i wer, S0 TGOE) w
Y(s)—s[q{qj\(lw) I 5 y{ an J}d%
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=s" {g +[clf VLUt

ST Zyl{(g,a),m) ;w} J
o 2l @p s

_gyeew s )d ]
v(l-u)s 0 T

Ny “Ta-w o
)(@ +an) )L+ n)
I Z (saJ ds

im0 n! (d+pn)

|:C2 + Clsv(l—u) | Z ((S;qn Wﬂj S—an—b—lds:|
pn

iu (@) pW" san®
S{C+Csa) PR wn+bJ
n=0 pn

© Wn
— CZS_U + Clsv(l—u)—u +I_Z (g)qn 1 -
s' iw(d),@n+b) s

Taking the Laplace inverse of the last

equation, gives

y(X) e Xu—l ' e Xu—v(l—u)—l .
Cu T )u-va-w)

I 00

(9) 0 W
2,

s' 70 (d),, (@n+b)s*"P

Now using Definition (1) (v), we can get the
required solution
u-1 Xu—v(l—u)—l
y(x)=c +C +
Cu T u-ve-w)

| X lu-1 b-1pg.d,
iTLt (x=t)"*EZSE,
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ABSTRACT

The three-dimensional (3D) multi planar reformatted images from conventional cross-sectional
computed tomography data have been increasingly used to better demonstrate the anatomy and
pathologic conditions of various organ systems. This study was conducted to assess the 3D CT
and OPG techniques in demonstrating the anatomy of the mandible including body, ramus,
symphysis menti and TMJ, lamina Dura, pulp canal, root of the teeth, mandibular canal,
mandibular angle. Samples of twenty Sudanese adult male patients of ages between (20-60years)
who were clinically diagnosed as normal, without any fractures, infection, caries, periodontal
disease, per apical Pathology, or affected by any bone diseases, were included in this study. 3D
facial bone was done for ten of the sample and OPG was done for the other ten. This study was
done in Modern Medical Center and Mursi Medical Dental Center in the period from May to
August 2010. The machines used were general electric CT/with dual slice (Germany) with:
Voltage: 120KV, 140KV, Current four options 60 mA, 80 mA, 100 mA and 160 mA. The
orthopantomograph, model OP 5 (Siemens Bens-him, Germany), with the setting were selected
typically in the range 70-100 KV and 4-12 mA. The results of this study showed that the OPG
technique was the best in demonstrating the root of the teeth (45%), TMJ(10%), Ramus (15%),
Lamina Dura (5%), where the 3D CT was the best in demonstrating mandibular angle, and body
of the mandible, ramus, smphysis menti for (95%), respectively, and TMJ for (70%). Both
techniques failed to demonstrate pulp canal, and mandibular canal, (0%).

saldiual)
zaa sl L) daudy il il Lalell Al adaliall iy (e Leay de ) Sl alaY) DG jpall e
A Akl Axdl) A aysf Gapky Ayl 2 Capal L aval) 83ea) Calidad AaBAA Apayall CVA 5 i)
ecall) 518 caniSU acinall 4lal) Al Locaie Jiudl) lill Ll duay il o5aY) zaasi & Lhsild) 5 ala)
cJand) Gl dsia) (Jand) il aua ¢ Sd) eaall deadd) (Jand) Gl Ayl (Jany) Sl slE « aY) alal)
Sle ppadin 8 ale 60-20 Gn eall 20 (B ML age S Cppdie e DS Aie Hlad) 5L B Gl
ol e (e Gl alie o) QL Gabel ) ElL (bl 5) bl o) s g9 ke Jany) Gl o
oe Glasad agd Cial AT o)lally 2] G Al 4xd¥) Aauly (asd 4l e (e opial (gl
osbel ) sle o Lo ol (8 QL alall paupe 3Sas Csall ) 5Sall G ahall el lsill) Gk
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KEYWORDS: OPG, mandible, Three Dimensions CT.

INTRODUCTION

It has been shown that cross-sectional
imaging (e.0. conventional spiral
tomography or spiral CT) offers a better
alternative for the precise visualization of
anatomical  structures in the oral
region -7,

Nowadays, panoramic radiography is often
used in dental practice, because it provides
visibility of anatomical structures in
pathological changes of the teeth, jaws and
temporo-mandibular joints. However, a
panoramic radiograph is a two-dimensional
(2D) image, lacking information in the
bucco-lingual direction and magnifying in
both vertical and horizontal directions.

The mandible has a curved body, the halves
of which join in the midline at the
symphysis menti, and two posterior
ascending rami, each with a superior
coronoid process (anteriorly) and condylar
process (posteriorly, ending in the condyle
of the temporo mandibular joint (TMJ)). The
body and ramus meet at the angle. The
inferior alveolar canal extends from the
mandibular foramen on the medial aspect of
the ramus to the mental foramen on the
buccal surface of the body, opposite the
second premolar. The tooth-bearing body of

the mandible, and the maxilla, consist of
alveolar bone, which supports the dentition,
and basal bone. Bone has sparse trabeculae
and together these factors can result in
artefactual lucency in the distal body, which
should not be mistaken for a lytic lesion®.
Dentine, which makes up the bulk of the
tooth, is covered by an enamel cap on the
crown and by a layer of cementum on the
root. The enamel is very dense and is readily
distinguishable  from dentine  whereas
cementum has similar density to dentine and
is not radiographically visible separate from
the dentine. The radiolucent pulp chamber in
the crown is continuous with the root canal.
A thin radiolucent periodontal ligament
space separates the root from the dense bone
making up the lamina dura @.

Nevertheless, the fact that panoramic
imaging is widely used for evaluation of the
jaws, justifies the interest in determining the
visibility of anatomical structures on these
films. Number of radiologic technique had
been applied to demonstrate different
anatomical structures, the, Oblique lateral
demonstrates large areas of mandible, is the
projection that produces an image of both
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jaws and their respective dentitions on a
single extra oral film ©),

Computed tomography provides sectional
images of facial bone, orbits, mandible and
TMJ in axial, sagittal and coronal planes.
The information obtained from the original
axial scan can be manipulated by the
computer to reconstruct the three dimensions
CT (3D) O,

MATERIAL and METHODS

Patients:

Twenty Sudanese adult male patients with
ages between (20-60years) were selected in
this study, ten patients referred to the dental
clinic for OPG examination, to detect the
impacted lower wisdom teeth. The
radiographs that were clinically diagnosed as
normal mandible; without any fractures,
infection, caries, periodontal disease, per
apical pathology, or affected by any bone
diseases were selected.

Another ten patients were selected from CT
department examined for 3D facial bone
diagnosed as normal patients.

Equipments:

The machines used were (general electric
GE CT/with dual slice - Germany) with the
following features, Voltage: two options
120KV, 140KV. Current: four options
60mA, 80mA, 100 mA and160mA.

The machine of Pan Tomography consists of
tube, cassette-carriage and patient support.
The generator is a single-pulse generator
provides a sufficient output. The x.ray tube
was of small effective focal area. Panoramic
radiographs were obtained with an
orthopantomograph model OP 5 (Siemens.
Bens-him, Germany) with setting selected,
typically in the range 70-100 KV and 4-12
mA.

CT technique The patients were positioned
on the CT examination table, lying flat on

their back and head rested on the head
holder. Straps and pillow were used to help
in maintaining the correct position 19, The
3D images were obtained from the CT axial
projection using analytical software When
performing the CT examination, a large
amount of data is produced, the volume data
set is transmitted to the computer where all
CT examinations are analyzed using three-
dimensional rendering software, the three-
dimensional data set analysis uses several
types of reconstruction algorithms and is
considered part of the CT examination.
Rapid scrolling of the axial image is carried
out as the first step of the reviewing process;
different  planes were selected of
examination and apply the selected
reconstruction algorithm.

OPG Technique

Panoramic equipment is based upon
simultaneous rotation movement of the tube
head and film cassette carriage in equal but
opposite directions around the patient head
which remains stationary. The patients were
in erect position and were placed accurately
within the machines using the various head
positioning devices and light beam marker
positioning guides. Patients were instructed
not to move throughout the exposure @9,
RESULTS

Table (1) lists the results which were
obtained from evaluating the radiographs by
two radiologists. The evaluation was for
lamina dura, pulp canal, root, mandible
canal, mandibular angle, TMJ, body of
mandible, ramus of mandible, and
symphysis mentioned in OPG and 3D CT
techniques.

The evaluation was taken from the films
diagnosed by two radiologists, the total
number was twenty, and the excellent
appearance was given according to normal
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density (radio-frequency or radio-opacity in Figures (1) and (2) show examples of
the OPG radiographs and the clarity of the radiographs for some patients.
anatomical structures in the rotated views in

the 3D CT images.

Table (1): the results of the excellent appearance of different anatomical structure done by the
radiologistsin percentages (%).

The Anatomical OPG Frequency of 3D Frequency
structure Excellent OPG Excellent of 3D

appearance (%) Excellent appearance (%) | Excellent

appearance appearance
1- lamina Dura 5 1 0 0
2-Pulp canal 0 0 0 0
3-Root of the teeth 45 9 0 0
4-Mandibular canal 0 0 0 0
5-Mandibular angle 25 5 90 9
6-TMJ 10 2 70 7
7-Body Of mandible 0 0 90 9
8-Ramus of mandible 15 3 90 9
9-Symphysis menti 0 0 90 9

Right

eft

10
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Figure 1: the anatomical structuresfor a 20 years old male with permanent dentition showing
the roots of the teeth (long arrow) and Lamina Dura (short arrow) as demonstrated In OPG
technique.(90 KV and 12mA).

Figure 2: the anatomical structuresfor a 47 years old male with permanent dentition showing:
Nasal septum curved arrow at (A) and (C), and body of the mandible thin arrow at (A), Ramus of
the mandible curved arrow, angle of the mandible thin arrow and TMJ thick arrow at (B) the
Symphesis menti Sraight arrow at(C).140 KV and160 mA.

11
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DISCUSSION
This study conducted to assess the 3D

CT and OPG techniques in
demonstration the anatomy of the
mandible including body, ramus,

symphysis menti and TMJ, lamina dura,
pulp canal, nasal septum, hard palate,
root, mandibular canal, mandibular
angle.

The evaluation was from all films
diagnosed by two radiologists, the total
number was twenty, and the excellent
appearance was given according to
normal density (radio-lucency or radio-
opacity in the OPG radiographs and the
clearity of the anatomical structures in
the rotated views in the 3D CT images.
Curved structure of the jaws requires a
special nomenclature for anatomical
relationship: Boeddinghaus, and
because in the OPG ,the X-ray tube
and film rotate around the head of the
patient, at different velocities, resulting
in a flat representation of the curved
surfaces of the jaws®V. Only objects in
the image layer remain in focus, other
structures  appearing  blurred and
distorted. So the spatial resolution is
therefore lower and subtle carious or
normal radiolucency or radioopacity
and periapical lesions may not be
visible and this agree with Lurie 12, as
well as the panoramic radiograph is a
two-dimensional (2D) image, lacking
information in  the  bucco-lingual
direction and enhance in both vertical
and horizontal directions. Therefore the
findings of this study, in the OPG
technique, showed that the appearance
of root of the teeth which is radiolucent
and of low attenuated value was found
to be excellent in (45%) of the sample
and TMJ (10%), Ramus (15%) Lamina
Dura (5%) consigned with the above
mentioned justifications.

12

CT studies have the advantage of
allowing fairly detailed assessment of
the bony structures; where Special
software gathers information from the
transaxial scan data to display 3D
images on a 2D screen (Volume
Rendering).

The results of this study showed that
the 3D CT is best in demonstrating
mandibular angle, and body of the
mandible, ramus, smphysis menti for
(95%) respectively, and TMJ for (70%)
and Nasal Septum (50%). This is
because of its ability to present the
anatomy in a rotated form as well as it
is a result from data collected after the
images reconstruction.

Both techniques failed in demonstration
of pulp canal, and mandibular canal,
(0%), because the pulp canal bounded
by high intensity material, so radiation
was absorbed by the outer structure (no
details), and this can be solved by using
perpendicular plain to get the pulp canal
image.

CONCLUSIONS

According to the results the main
findings of the study were:

The 3DCT has value in demonstrating
the angle of mandible, body and ramus
of mandible, TMJ, and symphysis menti
and nasal septum.

The OPG has value in demonstrating
the root of the teeth and lamina Dura.

In all cases both techniques failed in
demonstrating the pulp canal and
mandibular canal.
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ABSTRACT

In this paper a proper CR-submanifolds of the 6-dimensional sphere was considered, S°. some
characterization theorems of their submanifolds were provided. In particular, 4- dimensional CR-
submanifolds were introduced and their theorems were illustrated with examples.
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INTRODUCTION

The six-dimensional sphere S® is the most typical
example of nearly Kaehlerian manifolds. The
existence of such a nearly Kaehlerian structure for
the 6-sphere was proved by Fukami and Ishihara®
by making use of the properties of the Cayley
division algebra. The almost complex
submanifolds of the 6-dimensional sphere were
studied by Gray and Sekigawa. A. Gray proved
that with respect to the Canonical nearly

Kaehlerian structure @. S has no 4-dimensional
almost complex submanifolds. On the other hand
Sekigawa studied the 2-dimensional almost
complex submanifolds of S® ®). He proved that,
among other things, a 2- dimensional almost
complex sub manifold of S® with Gaussian
curvature K <1 is either diffeomorphic to a 2-

14

dimensional torus or a 2-dimensional sphere.
Fas)hir M. A also have many results in this article
4-7

The six—dimensional space is any space that has
six dimensions, that is six degrees of freedom, and
that needs six pieces of data, or coordinates.
Formally six—dimensional Euclidean space S°, is
generated by considering all real 6-tuples as 6-
vectors in this space. As such it has the properties
of all Euclidean spaces, so it is linear, has a metric
and a full set of vector operations. In particular,
the dot product between two 6-vectors is readily
defined, and can be used to calculate the metric.
6x6 metrics can be used to describe
transformations such as rotations that keep the
origin fixed.



Journal of Science and Technology Vol. 13
ISSN -1605 - 427X

Natural and Medical Sciences (NMS No. 2)
sust-journal@hotmail.com

[ ]
December/2012

More generally, any space that can be described
with six coordinates not necessarily Euclidean
ones, is six dimensional. One example is surface
of 6-sphere S°. This is the set of all points in seven

dimensional Euclidean space R"  that is
equidistant from origin. This constraint reduces
the number of coordinates need to describe a point
on 6-sphere by one, so it has six dimensions they
have for more applications.

The 6-sphere, or hypersphere is in seven
dimensions, is the six dimensional surface
equidistant from a point, e.g. the origin. It has
symbol S®, with formal definition for 6-sphere
with radius r is:

S’ ={xeR :|¥=r}

Let C be the set of all purely imaginary Cayley
numbers. C can be viewed as a 7-dimensional

linear subspace R" of R'. Consider the unit
hypersurface which is centered at the origin

S’ ={xeC<x,x>=1}

6
The tangent space TS ofsbata point X may be
identified with the affine subspace of C which is

orthogonal to X.A(ll) tensor field J on S s
defined by: 7Y = X x U

where the above product is defined for X€ S’ and
6

UeTS . The tensor field J determines an almost

complex structure (i.e. 3°=-1d)on SeIf V is the

Riemannian connection on 56, then (V)X=0

6

for any XeX(S ), i.e. S8 is nearly Kaehler. J is

orthogonal with respect to indusced metric g and

they are related by the form

VX,Y eTM, g(X,Y) = g(IX,Y)

A 2p + g —dimensional submanifold M on S° is

called a CR-Submanifold if there exists a pair of

orthogonal complementary distributions D and

15

D such that JD = D and JD" €V where V is
the normal bundle of M. The distributions D and

D™ are called the holomorphic distribution and
the totally real distribution respectively with

dim D = 2p and dim D™ p. The normal bundle V
€1
splits as v=JD"®m where M is invariant sub-
bundle of v under J. The CR-submanifold is said
L
to be proper if neither D={0} nor D _{O}. A

proper CR-submanifold M of S’ is said to be a
CR-product submanifold if it is locally the
Riemannian product of a holomorphic

submanifold and a totally real submanifold of S’
It is known that there does not exist any CR-

product submanifolds in S’ ®.

In the area ofnumber theory, the Euler

numbers are a sequence E, of integers defined by
the following Taylor series expansion:

1 __ 2 _¢E .
cosht e' +e

n=0 nl

The Euler numbers appear as a special value of
the Euler polynomials.

Given a real vector bundle E over M, its k-th

Pontryagin class P.(E) is defined as
AE=REH=t P EAOT H Mg)

Here Cak (EAL) denotes the 2k-th Chern
class of the complexification

EA£=EAIE E smgH™* M .¢)

the Z4 homology group of
M with integer coefficients.

The rational Pontryagin class P« (E,1) is
defined to be the image of P (E) in

4k
H™ (M ,x ) the 4k-cohomology group
of M with rational coefficients.
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The Pontryagin classes of a smooth manifold are
defined to be the Pontryagin classes of its tangent
bundle.

Novikov proved in (1966) that if manifolds
are homeomorphic then their rational Pontryagin

classes: Pk (M .o )T H ““(M o) g the
same.

If the dimensions are at least five, there are at
most finitely many different smooth manifolds
with given homotopy type and Pontryagin classes.
G2 manifold is a seven-dimensional Riemannian

manifold  with holonomy  group Goa.
The group G2 is one of the five exceptional simple
Lie groups.

A Go-structure is an important type of M-

structure that can be defined on asmooth
manifold. If M is a smooth manifold of dimension
seven, then a Ga-structure is a reduction of
structure group of the frame bundle of M to
the compact, exceptional Lie group Go.

We denote by D the Levi-Civita connection of s
. Then we have

(DJ)Y ==X xY+< XxY,x>X (1)
for XY € TS%x€ S° Thys we see that the
almost Hermitian structure J on S is a nearly

Kaehler structure ((DX‘])X - 0) which is not
Kaehler one.

Now, we prepare fundamental formula for

Riemannian submanifolds of S°. Let (M.f) be a
submanifolds of S® with the isometric immersion

f:M—S° X =i of

. We set and consider
X as the corresponding position vector to the
image of f in IMC where | denote the

inclusion map from S° to IMC  we denote by \

and v the Riemannian connections on M and
the normal bundle T'M induced by the

) . . 6 .
Riemannian connection D on S , respectively.

16

Then, the Gauss and Weingarten formulas are
given respectively by
DXY:VXY-I-S (X,Y) (2)

where S and A‘ are the second fundamental
form and the shape operator (with respect to the

normal vector field X), respectively, and
X, YeX(M) \where X(M) denotes the Lie

algebra of all smooth tangent vector fields on M .
The second fundamental form S and the shape

operator A< are related by

<s (X,Y),x >=<A XY >

The Gauss, Codazzi and Ricci equations are given

respectively by

<RX,Y)ZW>=<XW><Y,Z>-< X,Z><Y,W>
(4)

+<s (XW),s (Y,2)>-<s (X,2),s (Y,W)>

(Vs )Y, Z)=(Vis )(X,2Z)

(5)
<R (X,Y)x,h >=<[A,A]X,Y > (6)
where
(Vs (Y,Z)=V +s (Y,Z) -
s (V,Y,Z)-s (Y,V ,Z)
and
RIOXYX =V, VK-V X for
XY, Z,Wex(M)  and x,h are vector fields

normal to M.
CR-submanifolds of the six dimensional
sphere:

There are many theorems of CR-submanifolds of
S® have been studied by several mathematician.
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For instance Sekigawa ® proved that S’ does not
contain any CR-product submanifold. Gray  has

shown that S does not admit a 4-dimensional

complex manifold®. Ejiri N. proved the
following®:
Theorem [1]: A 3-dimensional totally real

submanifold of S is orientable and minimal.

Proof: Let (M, 9) be a 3-dimensional totally real

6
submanifold of (S‘]’g). First of all, we shall
prove the following.
Lemma 4.3.1. G(X,Y) is normal to M for X,Y
tangent to M.
Proof: From the second fundamental form of the
immersion given by

(X,Y)=V,Y-V,Y -

For vector fields X,Y on M . For a normal vector

—A X L
fields X, we denote by A* and VXX_ th

e
- V., X
tangential and normal components of X
respectively so that
VX, Y =—A X + VX @)

We have

9(V,J)Y.2)=9(Js (X,2).Y) -9(Is (X, V).2)
9((V,I)X,V)=9(Js (Z.Y), X) -9(Is (Z, X).Y)
9((V,)Z, X)=9(Is (¥, X),.2) - 9(Is (Y,2), X) |

for X,Y,Z tangent to M. Since g IS Hermitian

3,V.J

with respect to IS skew-symmetric with

respect to 9 This, together with the fact

(VxJ)X = 0, holds for all vector fields X and
S® implies that the left-hand sides of the above
three equations are equal to each other. Therefore
we have

17

9((V,I)Y,2)=0

which means ©(X.Y) s

M By

G(X,JY)=-JG(X,Y)

we obtain

VO, D-VQY,D-QuN,Z)-QN D)

_ V&Y, 2)-F(VxI)Y, ) -GV, 2)
—G(IY,(VxI)Z) - G(IY,IVZ)
~V.G(Y,Z)+ IG(G(X,Y),Z)

orthogonal to

(9)

+G((VLY,Z) + IG(Y,G(X,2)) + G(Y,V.Z)

=—(V:O(Y.2)+JGG(X,Y).2) + IH{Y,G(X,2)
for XY Z tangent to M.
This, combined with the fact

(VO(Y,2)=9(Y, D)X +5(X, 2 -g(X,V)Z
(10)

holds for all vector fields X, Y, Z on S®, implies

JY.GZX)+EAZAXY)=dX)Z-AX DY

and hence

or equivalently

JG(X,JIG(Y,Z)=g(X,2)Y —g(X,Y)Z
(11)

for X, Y, Z tangent to M. Since JG(X,Y) is

tangent to M by Lemma [1] we see from (11)

that

gJG XY, YX-g ]G XY, XY=
JG ]G X,Y ,JG X,Y =0

Thus JG(X,Y) is orthogonal to X and Y if X and

Y are linearly independent. This property,
together with (11), implies that M is orientable,
because the orientation can be defined by
regarding JG(X, Y) as the vector product of X and
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Y at each point of M. Next, we shall prove that M
is minimal. It follows immediately from eqgns. (7),
(8) and Lemma [1] that

VLIY =G(X,Y) +IV.Y)

and
AJX =-Js (X)Y)

(12)

(13)

hold for X, Y tangent to M. By (7), (8), (12), (13)
and (9), we obtain

V.O(Y,2)=V,G(Y,2) -G(VxY, Z) -G(Y,VsZ)
=Ry X+ V&Y, 2) - G(VxY,2)-G&(Y,Vx2)

=Js (I, 2),X)+ X EY,2) - IV, XY, 2)
_G(S (X ,Y), Z) - G(Y,S (x ) Z))
for X, Y, Z tangent to M. This, combined with

(10), implies
B, JG) Y, Z =g X,YZ-9g X,Z +G X,G Y,z
+a X,JGY,Z +]Gao X, Y,Z + JG(Y,0 Z,X)
Taking the normal component, we have

s(X,JXY,2)+I5s (X)), 9 +IXY,s (£, X)) =0
(14)
for X, Y, Z tangent to M. Let ey, e», e3 be a local
field of orthonormal frames on M . Then we may
assume without loss of generality that JG(e1, €2) =
es, JG(e2, e3) = er and Hence we have from eqn.

(14) that the trace of o = 0, which implies that M
IS minimal.

Theorem [2]: Let M be a 3—-dimensional totally
real submanifold of constant curvature C in S,
then either C = 1 (i.e. M is totally geodesic) or
c=1/16

Proof: Let M be a 3-dimensional totally real
submanifold of constant curvature ¢ in S°. Then
the equation of Gauss reduces to

(- c}a(X, Z)a(Y.W) - g(X W)g(Y. 2)}
+g(S (X’ Z)’S (Y,VV) —Q(S (X,VV),S (Y, Z)) =0

(15)

18

If C =1, then M is totally geodesic. Therefore it is
sufficient to consider the case C< 1.

Consider a cubic function
f(x) =7a(s (X, X), IX) defined on
X ETX;HXH :1}. If f attains its maximum at X

then 96 (X, X),IX) =0

to x and hence s (X

for Y orthogonal
- X ) is proportional to JX.

Therefore, if f is constant, S (X, X) =0 for all
X, since M is minimal. Thus f is not constant,
since we are considering the case where M is not
totally geodesic.

Choose G to be the maximum point of f at each

point X € M By the similar argument to the
above, we see that f restricted to

{XeTM[X[=1 _; 9(X,g)=0

} is not

constant. Choose & to be the maximum point of

f restricted to {XETXM;HXH:]' and

9(X,€)=01 and choose & so that &' &

form an orthonormal frame field. Then we easily
see that

g(s(e,e) J&) =0 (16)
put & = g(s (e.€).J8)=0 Then we have
a+a,+ a :0, since M is minimal. We see

that a> O, because 3 is the maximum value for
the cubic function f and M is not totally geodesic.
Moreover, from (15) we have

l1-c+aa,-a =0 and
2 _

l-c+aa —a _O, since (13) implies that

3(s (X.Y), 32) X.Y,Z

Therefore we get

(@,8,a8)=(2/1-0/3~1-0/3 -0 /3),

IS symmetric in
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which implies that

s (e,6)=2.(L-¢)/3Je

17)
and

g(s (X, X),Je)=—/-0c)/3

for a unit vector X orthogonal to el. In particular,
putting X=(&+&)/ V2 , we obtain

G(S (ez’%)"]el)zo (19)
In consideration of egns. (16), (17), (18), (19) and
minimality of M, we may put

s(e,e)=—+/(L-c)/3Je +1 Je,
s (e,8)=—[(1-C)/3Jg ~ 1 &,

s(e.,e)=—1I Je,, X=W=¢g
Y=Z=¢g in  (15),  we

I =y2(-¢)/3 . Therefore we have
s(6,8)=—/(L-0)/3k +/21-0/3k,
s(g,8)=—y(-0) /3% —21-0/3%,
s(e.0)—20-0/3k,
which, together with (17), (18) and (19), implies
s (,8)=—\l-0) /3%,

S (61,63) =7 (1_ C) / 3‘Je3 (21)

Applying the Codazzi equation to (17), (20) and
1
VQQ ZO, Vq% __ng __4%’

1
Veg% :_V%% :_Zq

(18)

Putting and

obtain

(20)

(21), we obtain

1
Vq% = %q :_Z%’

19

Therefore we have R(e.e)g =1/16e, and
hence C=1/16

Bashir M.A. proved the following:

Theorem [3]: S® does not admit any compact
proper CR-submanifold with  non-negative
sectional curvature and integrable holomorphic
distribution®.

Proof: Since D is integrable, then the integral
submanifold of the distribution Dis a Kahler
manifold. Since M is proper then d4im D =4 jg
ruled out by a result of Gray®, namely S® does

not contain a  4-dimensional  complex

submanifold. Therefore dim D = 2. Since
L

v=JD® m

and M is a proper CR-submanifold

1
of S6 we havedimD=1 e M is 3-
dimensional. Now let W be a 2-form on the
integral submanifold of D and let h be its dual.
Since the integral submanifold of D is Kaehler, W
Is harmonic. Using Poincare duality theorem, its

dual h is also harmonic, i.e., dh =dn =0
Now from the hypothesis of the theorem, we get

Ric(z,2) 20 the

Using integral  formula

J{RCco,X) +[VX| —%Hdh |” — (divX)*}dv=0

1
and Z € D we have
[{Rc(z 2) —%Hdh I* +[VZ| - (dh)3dv=0
M

from which we get VXZ =0 gor 4 X e X(M)

1 L
and £Z€D | e, the distribution D is parallel.
Also g(Y,2)=0 forall Y €D gives VXY =0
for all X € *(M) and Y € D This means that
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1
D is also parallel. D and D being parallel implies

that M is a CR-product®, which is a
contradiction to the fact that S® does not have any
CR-product submanifold. Therefore our theorem
IS proven.

Theorem [4]: Let M be a complex totally real 2-

dimensional submanifold of S°. Then M is flat
and minimal (see ref. (7)).
Chen B.Y. proved the following theorem for the

case dimension M <3 and Bashir M.A. proved it
here for general.

Theorem [5]: Let M be a simply connected
compact mixed foliate CR-submanifold of a

hyperbolic complex space form M (-4) . Then M
is either a complex submanifold or a totally real

submanifold of M @,
4-Dimensional CR-Submanifold®9).
Concerning 4-dimensional CR-submanifolds of

56, it is only known that there does not exist a 4-
dimensional CR-product submanifold of S (:0.11)
First, we recall the following characterization for
a 4-dimensional oriented submanifold of S° to be
a CR-submanifolds 213,

HE. 4 6
Proposition [1]: Let ) tM7—>S be an orientable
: : : s° (M%)
4-dimensional submanifold of . Then ’

is CR-submanifold of S if and only if it satisfies
one of the following conditions

(l) W(TLM 4) = 0 ,

(2) WM =0,
where W denote the Kaehler form of S°.
Remark: Let he SO(7)/G,be a 4-dimensional CR-

submanifold. If 9662, then go is also.
However, if "€ O (7)/G, then N°f s not a
CR-submanifold, in general (where G, is the

compact Lie group of all automorphisms of the

20

octonions (known also as the Cayley division
algebra).
Leti :M*— S° he a 4-dimensional submanifold

6 . .
of S and discuss some fundamental properties

4 -
concerning (M) ). Especially we discuss a (local)
orthonormal CR-adapted frame field along

4 -
(M%) ). Let X1'X2 pe a local orthonormal frame
fields XvX2  of H'. Then we
PG (Hy, H) =T M* - 1hen  the

product *1*X2 depends only on the given

orientation of H™ and is independent on the
choice of the orthonormal frame fields. Also we
have

X, XX,,J(X; xX,) € H

have

exterior

Therefore, the vector field X1 XX2 is well defined

whole on M* Hence H has an absolute
parallelizability. We see that

X, XX, I(Xy XX, ), % XX} s 4 Jocal orthonormal
frame field of M*. We obtain

" j M58 -
Proposition [2]: Let ! - be an orientable
compact 4-dimensional CR-submanifold of 56,

then the Euler number of M* vanishes.

By Proposition (2), we may immediately see that
4-dimensional  sphere, product of two 2-
dimensional spheres and complex 2-dimensional
projective space cannot be realized as a CR-

submanifold of 56. On the other hand, since

dimH> =2 and H" is orientable, we can define

two kinds of almost complex structures 9 J

M* such that
J,=3,®3,3,=J, ®(J

2.0n
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3.

where is the restriction of the almost complex

structure of S to the holomorphic distribution H.
hence we have the following decomposition
TS ° H®H**"®T"'M*

(M4 T

lfweset V=H"®@T'M* thenvisa C°'~
vector bundle over M* Concerning the

characteristic classes of these vector bundles, we
have the following

© a4 6
Theorem [6]: Let J M =S be a 4-

dimensional CR-submanifold of S°. The first
Pontryagin class of the tangent bundle vanishes

i.e_’ pl(TM 4) = O

By taking account of the G,

~structure equation
6 . .
on S we can also show that 2-dimensional

totally real distribution H™ is not integrable.
Examples

The above arguments assert that there exist many
obstructions for the existence of 4-dimensional

CR-submanifolds of S'. However, contrary to
this circumstances, we may construct several
examples of such submanifolds. We herewith
introduce two typical examples of 4-dimensional
CR-submanifolds of S°.

. 2
Example [1]: Let 9:1->S clImH be any
curve in the 2-dimensional sphere
SPcImH=R 4g (A€)S°cH poyen
dimensional sphere of the quaternion H. Then the

- S°

. 3
product immersion y :1xS which is

defined by
y (t.q) = ag(t) + bge
Gives a 4-dimensional submanifold of SG, for any

ab>0 with a’ +b’? 21. Here, t denotes the arc
length parameter of g,

21

3
In fact, let (1xS%y) be the submanifold of S}
gives in the above example 1. Then, we may

choose the orthonormal frame field {Vl ’VZ} of
the normal bundle in such a way that

v, =g(t) xg(t),v, =bg(t) — age

Thus we have

J(v)=(o) —a0e) (et) +oe) =a(t) <ce=(co®) pte
therefore, <Vod(V2)>=0  Thys (1) of

Proposition [1] we get the desired result. Further,
we may obtain the corresponding CR-frame along

3
(1xS%y) in the following way. A local

orthonormal frame field of H ™ is given by
y.(0)=J() =\, =-ag(t)+Ho(t)xa())-ce
y.(x;)=J(v,)=9(t)xge

On the other hand, an orthonormal frame field of
H is given by

y.(6) =J(\)x J(v,) =hg(t) +blg(t) xa(t))- ae
y.(3(e))=(0(1) -ge
Example [2]: The
j :1SxS 58
§ubmanifo|d of_S6 ;
j @.9)=a(qig) +b(t (@)7)-e
For &D>0 ith @ +b* =1 where

t (@) =t{-sin@) +cosq)i}+Kcosq) j +sinQ)k}

65>0 it

immersion

CR-

following

is a 4-dimensional

is a great circle of S'cH for
t? + s* =1

.l 3 6
Proposition [3]: Let f:SxS =S be a 4-
dimensional CR-submanifold of S® in Example
(2).
Then the map
have

f@+p.—a)=f(@.q)

f

is not an imbedding. In fact, we



Journal of Science and Technology Vol. 13
ISSN -1605 - 427X

Natural and Medical Sciences (NMS No. 2)
sust-journal@hotmail.com

[ ]
December/2012

f is full.

. 1 3 6
The immersion f:SxS >S5 is minimal if
and only if a=+/(3++/57)/24,t=1/2

the other @) in example (2), the length of the
mean curvature vector field is constant, but the
mean curvature vector field is not parallel with
respect to the normal connection. In particular, the
second fundamental is not parallel for any
immersion of this type.

f

The immersion

. For

The normal curvature of the immersion is not
flat.

The Ricci eigenvalues of the induced metric of the

immersion Y. are constant, but the metric is not
Einstein.

If a=1/4/3 and tzl/\/z, the holomorphic

distribution H is integrable.

For more details see references (11, 14, 15).
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ABSTRACT

Fetal hemoglobin (HbF) is the main hemoglobin throughout the fetal life and at birth, accounting for
approximately 80% of total hemoglobin in newborn. HbF, when elevated during sickle cell disease (SCD),
cause reduction of different crises associated with SCD. Elevation of HbF is achieved by hydroxyurea (HU)
therapy as a tool to control SCD. This study was conducted in the period between May 2009 to December
2009 to determine the levels of HbF in SCD pediatric patients treated with hydroxyurea (HU) therapy and
evaluate its effects on elevation of HbF which lead to the reduction of SCD crises. Ninety one Sudanese
SCD pediatric patients with mean age of (6.0 years = 2.9), who were referred to Jafaar Ibnouf hospital in
Khartoum city, were included in this study. Sixty one of the patients, designated group T, had been treated
with 22 mg /Kg/ day of HU for seven months; and thirty patients had been treated with conventional
treatment were used as control designated group C. Two and half ml blood sample was collected from each
participant in Ethylene Diamine Tetra Acetic Acid (EDTA) container. HbF level was determined by using
the denaturation method. The results showed that the mean of HbF levels in group T was 8.00 + 02.59 while
the mean of HbF level in the control group (C) which was 0.8 £ 0.2.

uamuuﬂ

in JURY) sie ¢yl pasel) (o %80 Jias um 3 iy Aisial) Ayl (8 Gl Gnslismsedl 58 (F) gl con sl
Jawing Audaiall L) iayes Aaiipal) i Linal) Lanse Zulaial) Las¥) i pes ay) Al 3 (F) Comslipa 385 ity 590
2009 e i 22009 sle crn Lesgiall b Auhall oda ol Adaiall Lap¥l (age 8 oSaill Uysy Sy o Mo
(F) Onslsan gli) anily Lyo oS5 )l 2l i Aalaiall Liasl) (insar Gubiadd) JULYT die (F) Guslisan 585 paa)
Ossially Wle2.9 + 6 = ajleet Lasia ddaiall Lasi Llian (ysandiy 2aly < pmpal 138 (e daslil] cilie Laall g Jlis (53015
35 Ws omS el pgdle o Lingga (osing 2nly Al o3¢l s lia) 2 asha 2l A Che ( ian idfine e

e sanaS 15381 Aalil) Al agadle 5 Uiape (5005 (T) e sanal Cisan e sanall 038 « el 7 3345 sy 22mg/kg
(5imsa 33a1] (EDTA) Lalaall daibe sobe e (ssins ol 8 @hlie JS 03 g Ja 2.5 gen +(C) e sandl) Casanss ddailia

¢ ilyfala 2.59 + 8.00 = (T) desendll 3 (F) Cuslisan Jaugia of Al il cipelal . il Zaphay (F) Gslisasn

Al [ala 0.2 + 0.8 = (C) desenall (8 (F) Crmslisant dawsgiay 43)lia adl) dum
KEYWORDS: Fetal hemoglobin (HbF); sickle cell disease; hydroxyurea therapy.
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INTRODUCTION

Sickle cell anemia (SCA) is a common genetic
disorder that causes considerable morbidity and
mortality throughout the world. SCA results from
an amino acid substitution of valine for glutamic
acid at position 6 of the B-globin chain, which
results in the polymerization of hemoglobin upon
deoxygenation, leading to deformed dense red blood
cells the predominant pathophysiological feature of
SCA is vaso-occlusion, which leads to acute and
chronic complications such as painful crises, acute
chest syndrome and strokes. Patients with SCA
have a markedly decreased life expectancy and their
quality of life is greatly compromised by their
disease . In 1910, Dr James Herrick working in
Chicago, USA, reported ‘Peculiar elongated and
sickle shaped red blood corpuscles in a case of
severe anemia®. The inherited disease was
subsequently called SCA, and has continued to
attract the attention of medical scientists to the
present day. SCA includs homozygous (Hb SS)
sickle cell disease and compound heterozygous
states such as sickle cell haemoglobin C (Hb SC)
disease, sickle cell thalassaemia (Hb S thal),
HbS/Hb D Punjab (Los Angeles), HbS/HbO-Arab,
HbS/HDE, and HbS/Hb ®. Hemoglobin S becomes
polymerized and becomes poorly soluble when the
oxygen tension is lowered and red cells that contain
this hemoglobin become distorted and rigid. SCD
occurs when an individual is homozygous for the
sickle cell mutation or is a compound heterozygote
for sickle haemoglobin and [-thalassemia,
haemoglobin C, and some less common f—globin
mutations. Diagnosis depends upon demonstrating
the presence of the abnormal haemoglobin (S) in the
red cells. The disease is characterized by haemolytic
and by three types of crises, painful (vasoocclusive),
sequestration, and aplastic crisis. Complications
include splenic infarction and autosplenectomy,
stroke, bone infarcts and aseptic necrosis of the
femoral head, leg ulcers, priapism, pulmonary
hypertension, and renal failure . Hemoglobin S

24

occurs with greatest prevalence in tropical Africa.
HDbF is the main hemoglobin component throughout
fetal life and at birth, accounting for approximately
80% of total hemoglobin in newborns. HbF is
produced from the sixth week of gestation and
during the rest of fetal life, replacing the embryonic
hemoglobin. After birth, HbF synthesis rapidly
declines and HbF is gradually substituted by HbA in
the peripheral blood, so that within the first two
years of life, the characteristic hemoglobin
phenotype of the adult with very low levels of HbF
(less than 1%) is found 2. Functionally, HbF
differs mostly from HbA because it has a slightly
higher oxygen affinity, explained by the low
interaction with 2,3-DPG. This characteristic makes
the delivery of oxygen through placenta easer,
giving the fetus better access to oxygen from the
mother's bloodstream®). Moreover, HbF is known to
inhibit the polymerization of HbS and different
agents have been introduced to increase HbF
production for therapeutic aim ©. The levels of HbF
in erythrocytes account for a large part of the
clinical heterogeneity observed in patients with
SCD and P - thalassemia®. The Cooperative study
of SCD identified HbF as a major prognostic factor
for several clinical complications including painful
events and acute chest syndrome. These clinical and
epidemiological observations provided important
clues about the beneficial role of HbF in
ameliorating the clinical complications of SCD
which is a major public health concern that has
great impact on both individuals and society. HU
treatment allows T-globin genes to be more actively
expressed. By killing cycling cells, HU changes the
kinetics of erythroid proliferation, forcing more F
cells to be produced from primitive progenitors. HU
also produces nitric oxide and directly stimulates
fetal hemoglobin production. Because F cells are
less likely in red cells with little Hb F to occlude
vessels and cause membrane damage, HU treatment
results in fewer symptoms, less severe hemolytic
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anemia, and lower mortality”). Some patients also
display increases in their anaerobic muscular

performance and aerobic cardiovascular fitness®.,
The hemoglobin S—containing erythrocytes became
less dense, and hemolysis was reduced. These
changes and the reduction in painful episodes
preceded the increase in the hemoglobin F
concentration®. HU should be reserved for patients
with sickle cell anemia who have complications that
are sufficiently severe to justify the burdens of
treatment and who can comply with the treatment
regimen.

This study aimed at determining the levels of HbF
in SGD pediatric patients treated with hydroxyl urea
therapy in Jafaar lbnouf hospital in Khartoum state.
MATERIALSand METHODS

Ninety one SCD patients, who were referred to
Jafaar Ibnouf hospital in Khartoum city, were
informed about the study objectives and agreements
for their participation were obtained. Sixty one of
the patients had been treated with HU called T
group, and thirty patients had been treated with
conventional treatment called C group. Patient’s
samples were selected randomly to be matched in
age, sex with control. Venous blood (2.5 ml) was
collected from each patient into Ethylene Diamine
Tetra Acetic acid (EDTA) containers.

Principle of denaturation method

This method based on the resistance to denaturation
by alkali of HbF compared to HbA, the denaturation
being activated by the ionization of buried, weakly
acidic side chains (one tyrosine and two cysteines)
present in HbA and not in HoF @9, This is only a
relative difference, and the conditions have been
optimized over time in order that during the time of
exposure to alkali most of the HbA is denaturized
while the HbF is largely unaffected. Before the
exposure to alkali, all the hemoglobin forms are
transformed in the more stable
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Cyanomehtemoglobin form by treatment with
Drabkin’s reagent. An optimized version of the
method was proposed by Pembrey 9,

So HbF was estimated by denaturation method to
measure the percentage of HbF in a mixture of
hemoglobins 2. Sodium hydroxide was added to a
lysate and, after a set time, denaturation was
stopped by adding saturated ammonium sulphate.
The ammonium sulphate lowers the pH and
precipitates the denatured hemoglobin. After
filtration, the  quantity = of  undenatured
(unprecipitated) hemoglobin was measured. The
proportion of alkali-resistant HbF was subsequently
calculated as a percentage of the total amount of
hemoglobin present %),

Procedure

Lysate (0.25 ml) was added to 4.75 ml of cyanide to
make a hemoglobin cyanide (HICN), after that 2.8
ml of HiICN was transferred to a new glass tube and
allowed to equilibrate at 20°C.To the same test tube
0.2 ml of 1.2 mol/l of NaOH was added and mixed
well with HICN on a vortex mixer for 2 to 3
seconds. After 2 minutes, 2 ml of saturated
ammonium sulphate was added to the same test tube
and also mixed well on a vortex mixer. Tube left to
stand for 5 to 10 minutes at 20°C. Solution was
filtered twice through a Whatman filter paper
No.42. The filtrate containing alkaline- resistant
hemoglobin (HbF). Total Hb was measured by
transferring 0.4 ml of HICN into another test tube
and 13.9 ml of water was added to the same test
tube.The absorbance of alkali- resistant and total Hb
were detected using spectrophotometer set at 420nm
against water blank. The percentage of alkali-
resistant was calculated as follows:

a 420 alkali — resistant Hb
HbF % =

0,
a 420 total Hb x 100%
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RESULTS
The measured level of HbF in group T was (8.00 £ compared with group C (0.81 + 0.21), (P=0.000),
2.59) which was found to be raised significantly (Table 1):
Table 1: HbF Levels and P valuesin the study groups
Group (Mean + SD) Pvalue
T 8.00 + 2.59
0.000
C 0.81+0.21
It was noticed that most of the patients belonged highest frequency of participators was found to be
to tribes living in the west of Sudan where the from Meseria tribe (n=51) 35%. The distribution
gene of sickle cell anemia is most prevalent. The of participant’s tribe is shown in figure 1 below.
40
30 &

Percent

Participators Tribe

Figure 1: Frequency of participant’s tribes in this study
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DISCUSSION

SCA is a well-known haemoglobin-opathies
considered as endemic disease in certain
areas of the world. It has been recognized
now that it may have a wide geographic
distribution, whose clinical manifestations
arise from the tendency of the haemoglobin
HbS (or sickle haemoglobin) to polymerize
and deform red blood cells into the
characteristic sickle shape leading to various
types of crises. In Sudan sickle cell disease
considered as serious problem either in
Khartoum state or in rural areas. The results
of this study showed significant differences
in HbF levels (Mean + SD) when group T
compared with group C, (P = 0.00), as
shown in table 1. This finding agreed with
several studies such as Multicenter Study of
Hydroxyurea (MSH) and Griffin P. Rodgers
et al. ¥ Past Adragna N. C. et al. @9 |
Steinberg MH and his colleagues, and recent
such researches by Mary Catherine Beach
and others ®®. Also this result is similar to
the results of study done in India by
Hraminder Singh et al. which reported that
the level of HbF was increased in SCD
patients treated with HU @9, HU is now
used as drug of choice in reduction of SCD
crises.

CONCLUSIONS

HbF levels increased significantly in SCD
patients treated with HU compared to the
control group and this study proved that HU
still had high efficiency to reduce the
suffering of SCD patients.
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ABSTRACT
This paper gives a geometrical interpretation of Maxwell’s equations describing the electromagnetic
field. The geometrical interpretation is not only based on 4 -dimensional Minkowski space, but
extended to U 1 fiber bundle, describing the electromagnetic field. The gauge potential is
described by the connection of this fiber bundle. A differential form of electromagnetic theory was
also provided.
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KEYWORDS: Geometric Formulation, Minkowski space-time, continuity equation.

INTRODUCTION

Principal fiber bundles (PFBs) will be defined conservation of charge. There are many other
and some nontrivial examples will be given types of charge that respond to various other
(e.i., double covering of the circle and the kind of force (e.g., isospin geometrization, of
frame bundle of a manifold).The connection the force requires PFBs with larger non-—
of PFBs with group U(1) over space-time abilian groups) and so five dimensions are not
will physically be identified as the four- nearly enough. At the end of this paper we
dimensional vector potential of have provided a form of Maxwell’s equations
electromagnetism. using the language of exterior derivative .
The geometrization of electrical forces Principal Fiber bundle (PFB) consists of a
requires another dimension (the charge manifold P (called the total space) ¥, a Lie
dimension) M. The resulting five dimensional group G, a base manifold M, and a projection
spaces are actually PFBs with group U(1) . A map i : p — M such that the following hold.
connection (or gauge potential) en-dows the For each x € M there is an open set U with
five component of a geodestic in five —space. x €U and diffeomorphism T,:n ™' U -
If the charge component of a certain Ux GoftheformT, P = n P ,s,p
geodesticesq, then the projection of this where sy:mlU -G has
geodest!c onto space-time is the non- property s, pg = s, p gforallg€e G pe
geodestic path of an object charge g of 7L U. The map T, is called a local
subject to the force of gauge potential 2. trivialization (LT), or (in physical language) a
The invariance of the gauge potential choice of gauge.

under U(1) action on the PFBs implies the
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Definition: LetT,:m™ ' U - Ux G and
T,:m 'V - Vx G be two LTs of a PFB
with a group. The transitions function from T,
toT, be the map g, : UNV — G defined
forx=nP eUNV, bys, P s, P L
Note that g,,, x is independent of the choice
of Pe n ' x .
Because s, Pg s, Pg ~'=
Su Pgsy Pg - =

sy Pggls, P 1= s, P s, P!
We have
() guuy =eforallyeU,;
(i) gouy = guw ¥y ‘forallyeunv;
(i) Gwu Y Guww Y Guwuy = eforallye
unvnw.
The transition functions describe how various
product U x G,V x G, ..... glue together to
form the total space P *. Indeed P may be
considered as the space obtained from disjoint

union Ux G U Vx G U ... by
identifying the point x,g €U x G
with x,g €Vx G ifg=guw x 4.

Because of (i), (ii) and (iii), this identification
is equivalence relation.

Definition: define a local section of a PFB 7 :
P - M with group G to be a mapo: U -
P UcM,Uopen such thatm o= 1, =
tle identity functionon U x = x .
Theorem: There is a natural correspondence
between local section and local trivialization,
thus®): Gag,, * oy Yy =
Oguw X _100“ Yy Guv x -

Consequently the transform rule from w,
to w,, can be expressed as:

Wy = ‘gi:?} d Guy + g;b} WyGuy -

Given a connection onl-form w on a
PFB m: P - M with group G, we can write
anyX eTp Pas X = XV + X" where XV is
vertical i.e,m, XV =0 and X" is
horizontal i.e,w X7 = 0.

Definition: The exterior derivative of ¢ €
NP G is D= do HenNt pg
where d¢g is the usual exterior derivative of
¢ , although the operator D® depends on w.
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Because we consider functional on the space
of connections and other situations where
more than one connection is involved, we will
usually not observe this custom.

Definition: The curvature of theg €
A'P,G isweA' P,G. Thatis Q¥ =
D®w e N* P,G . Whenw is regarded as a
potential, Q“ is the field strength of w ©.
Theorem (The Structural Equation): The
curvature form is given byQ“ = dw +

1 . 1
S W, (i.e,D? = dw+5 w,w ).

Maxwell's equations in Minkowski space-
time:

Let M = R4 with
coordinate X ,X',X%,X3 = t,X,Y,Z
and metricg such that g 0.,0- =1
,g 0;,0; = -1 fori= 1,23 and
g@i,aj =0fori#j.

then M, g is called Minkowski space.
Hodge star operator and wedge product:
On an oriented r-dimensional Riemannian
manifold, the Hodge star is a linear function
which  converts alternating  differential
k - forms to alternating n - k -forms. If w is
an alternating k - form, its Hodge star is
given by O
W Vg1
L —
Then the wedge product is the product in an
exterior algebra. If aand g are differential
k — forms of degrees p and q respectively,
then

1)

It is not (in general) commutative, but it is
associative,

Up = %4 Vq v, Where

....................

aMB = -1 PiBAa

al\B Au= al BAu 2

Exterior differential form of Maxwel's
equations:
Consider the 2-form:
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F= E1d3€/\dt+ Ezd}’/\dt"‘ E3 dz/A\dt
+ BidyNdz + Bydz/\dx
+ Bg dX/\dy
Fordr = dx,dy,dz anddo =
dyNdz ,dzAdx ,dxN\dy ©, we employ the
shorthand F = E .dr/Adt + B.do. By simple
computation, we obtain

dF = Bx E+ g—f .do/N\dt+ B.B dt
where dt = dx A\ dy/\ dz. Thus dF =0
if Bx E+ 20 =0
and &.B = 0, which are two Maxwell’s four
equations (where E is the electric field and B

is the magnetic field). Now * F = E.do -
B.drAdt and so

JoE
d+«F= @0.FE di- .B+E .do/\dt

Now &§=--19 14K swdu=xdx
on A® R* . Thus

O0F=xd«F= Q.E dt- Bx B

oE
+ a3 .dr

j e A' R* is defined by j = pdt - j.dr

Then

6F = j
is equivalent to the other. Let the maps
p:R* >R and j:R* > R® be the charge
density and the current density ®. The source
1- form two (unhomogeneous) Maxwell’s

equation B.E = p and xB—% = J.

Thus, the four Maxwell equations are
summarized by dF = 0 and §F = j, and we
can obtain:

0=6%F==68+j=+d pdr- j.doNdt

dp ;
—_ Edt/\dr— 2. j dT/\dt
dp
=- — -0 .
o~

Thus, we obtain the so-called continunity
eguation

6_,0_ 7l 7 =
7 R.j=0.

which says that charge is conserved.
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ABSTRACT

The aim of this study was to determine the presence of the genes implicated in resistance to agents
used for chemotherapy of infectious diseases caused by Pseudomonas aeruginosa. Seventy four P.
aeruginosa strains were isolated from patients hospitalised in the Khartoum Teaching Hospital,
Sudan. The strains were isolated in the period from February to June 2011 and serotyped studied at
the research laboratory in Sudan University of Science and Theology. The isolates were recovered
from patients with multiple types of infections, mostly respiratory tract, urinary tract and
postoperative wound infection. Direct PCR technique was used to identify the genes implicated in
antimicrobial resistance mechanisms. DNA extraction was skipped and the bacterial cell wall was
denaturized in the first step of the reaction. The presence of IMP family genes, in the tested isolates
of P. aeruginosa was identified, namely IMP-7 and IMP-10. This was the first report of the
presence of IMP-7 and IMP-10 type genes in P. aeruginosa isolates in Khartoum State, Sudan.
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INTRODUCTION

Nosocomial infections are an important
source of morbidity and mortality in many
hospitals affecting millions of patients each
year M, P. aeruginosa is one of the most
important nosocomial pathogens, being
responsible for various types of infections

with more and more limited therapeutic
options @, Infection due to P. aeruginosa
continues to be a major cause of mortality
among  critically ill and  immuno-
compromised patients despite the
development of newer and more powerful
antibiotics. P. aeruginosa is characterized by
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inherent resistances to a wide variety of
antimicrobials. Its intrinsic resistance to many
antimicrobial agents and its ability to develop
multidrug resistance impose a serious
therapeutic problem ©. Multi-drug-resistant
(MDR) strains of P. aeruginosa, defined as
resistant to at least three of the following
antibiotics: ceftazidime, imipenem, gentami-
cin or ciprofloxacin, are often isolated from
patients exposed to prolonged intensive care-
type therapies ®. Its resistance to anti-
pseudomonal b -lactams, advanced

generation of cephalosporins, monobactams
and carbapenems is also an increasing clinical
problem. Carbapenems, mainly imipenem and
meropenem, are potent agents for the
treatment of infections due to MDR
P. aeruginosa. The immunoevasive nature of
P. aeruginosa, as well as its acquisition of
multi-drug resistance makes elimination of
this organism a particular challenge. Yet
antibiotic resistance itself does not confer
enhanced virulence ©, and therefore the
ability to discriminate between virulent versus
non- virulent phenotypes among MDR
isolates would be a major step in predicting
the particular threat of a colonizing strain of
P. aeruginosa.

Historically, the analysis of nosocomial
pathogens has relied on a comparison of
phenotypic characteristics such as biotypes,
serotypes and antimicrobial susceptibility
profiles ©®. This approach has begun to change
over the past 2 decades, with the development
and implementation of new technologies
based on DNA or molecular analysis. Studies
of microbial pathogenicity at the molecular
level have made substantial contributions to
understanding of the epidemiology, clinical
manifestations, diagnosis, treatment, and
immunoprophylaxis of infectious diseases.
One of the most exciting and profound
technical advances in the past years has been
the development of nucleic acid amplification
techniques and their application to the study

33

of microbial pathogenesis and the diagnosis
of infectious diseases. Comparing with
traditional methods, molecular analysis has a
higher accuracy, and results are obtained
much faster and much cheaper.

The goal of this study was to identify the
presence of bacterial genes involved in
multiple resistances to antimicrobials in
P. aeruginosa using the PCR method.
MATERIALSand METHODS

Clinical isolates: Seventy four clinical
isolates of P. aeruginosa were obtained from
the Clinical Hospital for Infectious Diseases
in  Khartoum Teaching Hospital, Sudan
medical center. The bacterial isolates were
collected between February to June 2011from
patients with multiple types of infections,
mostly respiratory tract, urinary tract,
postoperative wound (Septicaemia, Skin and
soft tissue infection, Ecthyma gangrenosum),
Eye, External ear, Respiratory tract
(pulmonary infection), Gastrointestinal
(Diarrheal infection), Chronic otitis media
and external and Melioidosis infections. The
isolates were

identified with Compact for Gram-Negative
Identification, card 2GN (bioMerieux-Vitek,
Inc., Hazelwood, Mo.).

Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was
performed by Kirby-Bauer disk diffusion
method. The minimum inhibitory
concentration (MIC) was done with Vitek 2
Compact system for Gram-Negative bacteria,
according to the recommendations of the
Clinical and Laboratory Standards Institute
(CLSI).

The MICs of: ciproflox- acin, pefloxacin,
gentamicin, amikacin, tobramycin, ticarcillin,
piperacillin, carboxipenicillin and ureidope-
nicillin - with betalactamases, piperacillin,
ticarcillin, ceftazidime, cefepime, cefpirome,
aztreo- nam and colisin were determined. P.
aeruginosa ATCC 27853, and Escherichia
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coli ATCC 25922 were used as reference
strains in susceptibility testing.

Preparation of samples and DNA
amplification

Direct PCR technique was used, DNA
extraction was skipped and the bacterial cell
wall was denaturized in the first step of the
reaction. One or two bacterial colonies from a
plate that was incubated overnight were
suspended in 100 ml of sterile water and then
diluted to a concentration of approximately
10° CFU/ml. an eliquot of 3ml of the
suspension was used as the template for
amplification by PCR. Using this technique
skips the expensive DNA extraction and
minimizes self contamination of workers @
PCR protocol

A typical 20m1 PCR mixture with 4ml
master mix which contained 0.5m1 5 x PCR
reaction buffer, 0.2 ml of each primer, 200 m

M concentrations of each dNTPs, 2.5m1l

MgC1,, 12.5 mM (2 mM final concentration),
0.75 U of Tag polymerase, blue dye (
Migration equivalent to 3.5 - 4.5 kb DNA
fragment ), yellow dye (Migration rate in
excess of primers in 1% agarose gel < 35 -45
bp and 3 ml bacterial suspension. PCR was

performed in a Thermocycler, (Gradient
Palm-Cycler™, Corbett Life Science). The
parameters for amplification were as follows:
initial denaturation at 94°C for 4 min, 30,
cycles of: 1 min each at 94°C, 1 min. at 57-
62°C (depending on the primer), 1 min. at
72°C and a final extension step at 72°C for 10
min. Amplicons have been separated on 1%
agarose gel, stained with ethidium bromide.
The optimization of PCR was made after
McPherson and Mgller ®, and Roux ©. The
primers (Table 1) were designed with "Pick
Primers" programe according to the
sequelnces found at NCBI data base.

Table (1) Primer used for PCR amplification of Pseudomonas aeruginosa ATCC 27853

Target Function Sequence(g—ﬁ) Amplification size Accession
gene (pb) number
IMP-7 | D -lactamase AAGGCAGTATCTCCTCTCATTTC/ 243 EF606914

ACTCTATGTTCAGGTAGCCAAACC
IMP-10 | D -lactamase AATGCTGAGGCTTACCTAATTGAC/ 388 DQ288156
CCAAGCTTCTATATTTGCGTCAC

IMP-7:

IMP-7 Quter - F:

IMP-8 QOuter - R:
Outer - R1:

IMP-10:

IMP-10 Quter-F:

IMP-11 Quter — R:
Outer- R1:

AAGGCAGTATCTCCTCTCATTTC/
ACTCTATGTTCAGGTAGCCAAACC
GGTTTGGCTACCTGAACATAGAGT

AATGCTGAGGCTTACCTAATTGAC/
CCAAGCTTCTATATTTGCGTCAC
GTGACGCAAATATAGAAGCTTGG
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RESULTS

Phenotypic traits: Out of one hundred and
fifty samples, seventy four isolates were P.
aeruginosa. Most of these tested strains were
highly sensitive to antibiotic drugs. Seventy
strains were susceptible to imipenem, sixty to
ceftazidim and sixty of them were sensitive to
ciprofloxacin and highly resistant to others
antibiotics, fifty strains were resistant to
carbenicillin and fourty strains were resistant
to piperacillin. Fifty seven isolates were
recognized to have IMP-7 and IMP-10, only
twenty six isolates produce IMP-7 and the
remainder thirty one isolates had IMP-10.
Five isolates of them were giving same
reactives in tow genes IMP-7 & IMP-10.

PCR used to detect IMP family tests (IMP-7
and IMP-10) genes yielded PCR products of
the expected sizes. Amplicons of the expected
sizes were obtained for IMP-7 and IMP-10
genes in the isolates that were resistant to
antimicrobials (Fig. 1 to 3). At the sensitive
isolates amplicons were not obtained
DISCUSSION

Pseudomonas aeruginosa is one of the most
important nosocomial pathogens, being
responsible for various types of infections
with more limited therapeutic options. One of
the most alarming characteristic of P.
aeruginosa is its low antibiotic susceptibility.
Since the first report of acquired metallo-b -
lactamases (MBL) in Japan in 1994 9 genes
encoding IMP-types (IMP-7 and IMP-10)
enzymes have spread rapidly among
Pseudomonas spp. ¢%Y. Acquired metallo-
b -lactamases (MBLs) are mostly encoded by

integron-borne genes and confer resistance
against all b -lactams except for the
monobactams.  IMP-types MBLs  were
reported from several countries 2. The
prevalence of MBL- producing Gram-
negative bacilli has increased in some
hospitals, particularly among clinical isolates
of P. aeruginosa ™. Since MBL production
may confer phenotypic resistance to virtually

all

clinically available b -lactams, the

continued spread of MBL is a major clinical
concern 14,
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Figure (1) Agrose gel electrophoresis of PCR
products after amplification of (IMP-7) gene. Lanes: 1
and 17 — molecular weight marker (O'Range Ruler
100bp DNA ladder); 2 — Negative control; 3- 16
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Figure (2) Agrose gel electrophoresis of PCR
products after amplification of (IMP-10) gene. Lanes:
1 and 20 — molecular weight marker (O'Range Ruler
100bp DNA ladder); 2 — Positive control; 3-19
different strains of P. aeruginosa (IMP-10 gene
Diagke
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Figure (3) Agrose gel electrophoresis of PCR products
after amplification of (IMP-7 and IMP-10) genes.
Lanes: 1 and 17 — molecular weight marker (O'Range
Ruler 100bp DNA ladder); 2 Negative control; 3 and 16
different strains of P. aeruginosa IMP-7 gene products;
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With the recent detection of IMP-7 and IMP-
10 producing strains in several Eastern-
European countries ), the appearance of
MBL-producing clinical isolates of P.
aeruginosa can be anticipated in Romania.
Our results suggest the lack of these IMP-7
and IMP-10 genes in the tested isolates.
Further studies are necessary to conclude that
this genes family is not present in the P.
aeruginosa isolates circulating in this area of
the country.

Extended-spectrum b -lactamases (ESBLS)

that confer resistance to oxyimino- b -lactams

are frequently plasmid encoded.
Pseudomonas extended resistant (PER). b -

lactamases are one of the rarer ESBL
families; however, their prevalence may be
increasing @. Since 1995, PER-producing
organisms were disseminating in Italy ¢5 6
and, more recently, in Belgium 7, France ®),
Spain 9, Romania @9, Hungary and Serbia
1) Korea ®?, Japan ®), and China @,

The present study revealed that IMP-7 and
IMP-10 genes are implicated in antimicrobial
resistance mechanisms in MDR tested
isolates of P.aeruginosa. Further studies are
necessary to conclude if other genes
contribute to the antimicrobial resistance in
P.aeruginosa strains in Sudan.

This study is the first report of presence of
IMP type genes in P. aeruginosa isolates, in
Khartoum State, Sudan. A regular screening
and monitoring system should be set up to
prevent the spread of the resistance
determinants in the country.
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ABSTRACT

Respiratory tract infections are considerably prevalent worldwide and identifying their
aetiological agents is of great medical and therapeutic value. The aims of the present
study are to determine the prevalence of Moraxella catarrhalis among Sudanese patients
infected with respiratory tract infections (upper and lower) and to determine the antibiotic
sensitivity pattern of Moraxella catarrhalis isolates as well as the risk factors. Samples,
which were collected from four hundred patients with upper and lower respiratory tract
infections, were cultured. Then suspected Moraxella catarrhalis colonies were
biochemically tested. Next, positive isolates were confirmed using polymerase chain
reaction technique. Finally, antibiotic sensitivity tests were carried out and beta-lactmase
production was inspected for each isolate using nitrocefin disks. After tests, 19 (4.7%)
from the collected samples were positive for Moraxella catarrhalis. Of these, 15 (78.9%)
isolates showed typical bands of M. catarrhalis while 4 (21.0%) isolates were negative.
This study shows that Moraxella catarrhalis is an important respiratory tract pathogen in
Sudan. The emergence of antibiotic resistance in Moraxella catarrhalis suggests that the
incidence of these infections may continue to rise.
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INTRODUCTION

Moraxella catarrhalis, formerly called
Neisseria  catarrhalis and  Branhamella
catarrhalis, is a Gram negative aerobic

diplococcus frequently found as a commensal
of upper respiratory track & 2. Over the last 20
to 30 years, the bacterium has emerged as a
genuine pathogen and now is considered as an
important cause of upper respiratory tract
infections in otherwise healthy children and
elderly people ©9. Moreover, Moraxella
catarrhalis is an important cause of lower
respiratory tract infections, particularly in
adults with chronic obstructive pulmonary
disease (COPD) ©),

Additionally, it has been reported as one
of the main pathogens of community-
acquired pneumonia (CAP) (D n
immunocompromised hosts, the bacterium
can cause a variety of severe infections
including pneumonia, endocarditis,
septicemia and meningitis ¢, M.
catarrhalis is now accepted as the third
most respiratory tract pathogen after
Streptococcus pneumonia and Hemophilus
influenza &9,

Reports of hospital outbreaks of
respiratory diseases caused by M.
catarrhalis have established the bacterium
as a nosocomial pathogen 314,

A recent study recognized M. catarrhalis
as a pathogen in cleft palate repairs %,

M. catarrhalis population may be
subdivided into two distinct genetic
lineages phenotypically characterized by
their ability to resist the destructive effect
of human serum (i.e., complement
resistant versus complement sensitive) and
difference in their ability to adhere to
human epithelial cells ®. Recent report
indicates that a population expansion
(including the acquisition of virulent
genes)  probably  occurred  within
seroresistant  lineage of Moraxella
catarrhalis around the time of hominid
expansion 5 million years ago *7).

There has been rapid acquisition and
spread of Beta—lactmase resistance of
Moraxella catarrhalis in the last 20 to 30
years to the extent that approximately 95%
to 99% of clinical isolates now appear to
resist one or more beta lactamase 820,
MATERIALSand METHODS

Control strains of Moraxella catarrhalis
(American type culture collection) were
used as the reference strains. These
included: ATCC2324, ATCC 25238,
ATCC 25240, and ATCC 49143.

Clinical Samples

A total of 110 specimens were collected
from children suffering from middle ear
infections with ear discharge from
Khartoum center of ENT, head and neck
surgery and a total of 290 sputum samples
were collected from patients attending
Alshaab Teaching Hospital and Soba
university hospital with signs and
symptoms of lower respiratory tract
infections. Regarding otitis media, the
diagnosis was made by a pediatrician, a
family physician and an otolaryngologist.
Concerning  sputum, samples  were
collected in clean, wide mouth, and leak
proof specimen containers. Data were
collected using standardized questionnaire
eliciting information such as date, name,
gender, smoking, underlying disease, and
history of antibiotic treatment.

Bacterial Culture

The samples were inoculated on sheep

blood agar chocolate  blood agar |,
Columbia blood agar supplemented
with5% sheep blood, vancomycin,

amphotricin B, and acetozolamide @V, and
incubated over night aerobically at 37°C
with 5% CO, as well as at room
temperature. Moraxella  catarrhalis
bacteria were identified according to
colonial appearance, Gram stain, catalase
reaction, oxidase reaction, reduction of
nitrate, ability to grow on nutrient agar at
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room temperature, DNAs production and
tributyrin test.

All the isolates were tested for beta —
lactmase production using nitrocefin disks
(Sigma- Aldrich, Germany).

DNA Extraction

Isolates were incubated over night at 37°C
on blood agar plates using GF-1 bacterial
DNA extraction kit from (Vivantis
Company, Germany). This Kit uses a
specially treated glass filter membrane
fixed into a column to efficiently bind
DNA in the presence of high salt. This kit
applies the principle of mini column spin
technology and the use of optimized
buffers ensures only DNA is isolated
while cellular proteins, metabolites, salts
and other low molecular weight
impurities are subsequently removed
during the washing steps

Polymerase Chain Reaction

Moraxella catarrhalis isolates were
confirmed using GenePack DNA PCR

minutes, followed by repeated 37 cycles
composed of three stages; 95°C for 30
seconds, 56°C for 60 second and 72°C for 2
minutes, and then a final extension step at
72°C for 10 minutes. After thermocycling,
the samples were loaded on agarose gel
stained by ethidium bromide. Typical band
positive for Moraxella catarrhalis was 550
bp.

Susceptibility of Moraxella catarrhalis to
antimicrobial agents was determined by
Kirby Beauer disc diffusion method on
Muller Hinton agar. Antibiotics tested
included amoxyclav, ampicillin,
azithromycin,  ceftazidime, ceftriaxon,
cephalexin, cephotaxime, chloramphenicol,
ciprofloxacin, co- trimoxazole, gentamycin,
and erythromycin.

RESULTS

Moraxella catarrhalis was isolated from 19
patients; 12 males (63.2%) and 7 females

(36.8%). 14 of the patients were adult (73.7%)

with the mean of age being 48.5 (range: 22-72)
and 5 were children (26.3%) with the mean of

age being 23month (range: 5-40 month).

tests provided by (GeneON, Germany).
The latter utilize a technique based on
polymerase chain reaction. Thus, the
specific  DNA was detected in the
suspected colonies.

All the reagents required for PCR (Tag
DNA polymerase, dNTPs, specific
primers, salt and stabilizers) were
lyophilized in PCR tubes (0.2 ml).

The PCR thermocycler parameters used
were initial denaturation step at 95°C for 3

14 (4.8%) out of 290 sputum samples, showed
Moraxella catarrhalis isolates. 5 (4.5%) out of
110 specimens collected from children with ear
discharge, confirmed Moraxella catarrhalis
isolates (table 1).

Table 1: Clinical data of patients with Moraxella catarrhalis isolates

Clinical datum Children Adult
Present (%) Absent (%)
Otitis media 5 - -
Liver disease - 1 (5.3) 18 (94.7)
Diabetes mellitus 2 (10.5) 17 (89.5)
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Chronic bronchitis - 1 (5.3) 18 (94.7)
Pneumonia - 2(10.5) 17 (89.5)
Chronic cough - 8 (42.1) 11 (57.9)
Smoking - 3(15.8) 16 (84.2)
Age more than 50 years - 8 (42.1) 11(57.9)
History of pulmonary TB 2 (10.5) 17 (89.5)

All  the isolates of Moraxella
catarrhalis  were  Gram-negative
diplococci, hockey puck sign positive,
catalase positive, oxidase positive,
DNAse producing, nitrate reducing,
tributyrin positive and able to grow on

nutrient agar at room temperature. All
isolates showed beta lactmase
production. Characteristics  of
Moraxella catarrhalis used in its
identification are listed in table 2.

Table 2: Characteristics of Moraxella catarrhalis used in its identification

Colonial morphology on blood agar

round, opaque colonies

Colonial morphology on chocolate blood
agar

pinkish-Brown hockey puck

Colonial morphology on semi selective

round, opaque colonies

media

Gram stain Gram-negative diplococcic
Oxidase test Positive
Catalase test Positive
Deoxyribonuclease (DANas) test Positive
Reduction of nitrate Positive
Growth on nutrient agar at room Positive

temperature

Tributyrin test Positive
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When PCR was performed to
confirmed Moraxella catarrhalis
isolates 15 (78.9%) isolates showed
typical band of 550 bp size as

indicated by the standard DNA marker
while 5 samples were PCR negative
(see figure 1).

Figurel: The amplicon of Moraxella catarrhalis after PCR on 2% agarose gel:
lanel= marker; lane 2= positive control; lane 5= negative control; lanes 3-4 and
lanes 6-8 isolates positive for Moraxella catarrhalis (550 bp).
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All isolates were noted to be sensitive to

amoxyclav, azithromycin, ceftazidime,
ceftriaxon, cephalexin, cephotaxime,
chloramphenicol, ciprofloxacin and

cotrimoxazole and 90% were sensitive to
erythromycin, while they were wholly resistant
to ampicillin.

DISCUSSION

Moraxella catarrhalis is a Gram negative
aerobic diplococcus which is frequently found
as a commensal of upper respiratory tract and
has been recovered exclusively from human
over the last few decades @2,

It has emerged as a genuine pathogen, it is now
considered as an important cause of upper
respiratory tract infections in otherwise healthy
children and elderly adult 229

The Moraxella catarrhalis rate in the present
study is 4.7%. This is semi similar to that
observed by Nishioka et al. who had carried out
a study in Japan and found the isolation rate of
Moraxella catarrhalis to be 4.26% @4, A higher
rate (6.9%) was detected among elderly
population by Tamang and his fellows @),
Pollard and colleagues in 1986 found the
isolation rate of Moraxella catarrhalis was
5.3% which is more or less similar to that of
present study 9,

Unlike the aforementioned findings, Ahmed et
al. in 1994 and Sarubbi et al. in 1990 found the
rate of isolation of Moraxella catarrhalis to be
much lower (0.89 and 2.5%, respectively) ¢7:?®),
On the other hand, Hager et al in 1987 found the
rate of isolation of Moraxella catarrhalis in
pure culture was 61% ©, and this figure is much
higher from that of current study.

In the present study, 5 (4.5%) M. catarrhalis
was isolated from children aged from 1 month
to 5 years with a percentage of (4.7%). The
bacteria were not isolated from those whose
ages ranged between 6 and 15 years old. This
result disagrees with the result obtained by
Constantinescu et al who isolated M. catarrhalis
in culture in 9% of children younger than 5

44

years and 33% of children aged 6-10 years in
his study ©. Nearly similar to the results
obtained in this research, a study by Broides et
al. in 2009 had reported that M. catarrhalis
occur in 4.8% of children less than 5 years 0.
Another result reported by Vergison in 2008
shows that the M. catarrhalis proportion in
children with otitis media was (3-20%) GV,

In some reports, an increasing rate of M.
catarrhalis isolation from the middle ear fluid
(MEF) in AOM has been shown. Kilpi et al
have reported an increase from 10% to 23%
within 15 years, and a similar pattern has also
been reported in the United States 2. In Costa
Rica, the prevalence of M. catarrhalis isolated
from the MEF of children with AOM aged 3-
144 months increased from 2.5% of all
pathogens during 1992-1997 to 7% during
1999-2004 and was most commonly found in
children aged <24 months during the dry season
@3, However, in the present study, M.
catarrhalis has been consistently found as a
single pathogen in only~1% of MEF isolates.
The reasons for the higher relative importance
of M. catarrhalis as a pathogen in AOM in
certain geographical areas and the different rates
of M catarrhalis AOM in other areas are
unknown.

The underlying factors which are associated
with Moraxella catarrhalis were studied
previously. Age was a critical determinant of the
pathogenic significance of the isolates of
Moraxella catarrhalis: the more the advanced
age is, the greater the pathological significance
of the isolates (534,

In the present study, being of advanced age
(42.1), having chronic cough (productive cough)
(42.1) and smoking (15.8) are the common
predisposing factors. This agrees with the study
done by Tamang et al. which found the most
important predisposing factors were old age and
history of smoking @,

Studies have shown that the elderly are at
greater risk of respiratory tract infections which
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are caused by Moraxella catarrhalis when
compared to young adults. Most of these
patients had underlying lung disease and other
conditions like diabetes mellitus, corticosteroid
therapy and malignancy © 26 35.36),

In the present study rate of M. catarrhalis
isolated from sputum of elderly is (42.1%). The
significance of this finding is strengthened by
the fact that after the age of 50 years there may
be a reduction of immunoglobulin G and M
titers along with damage of the respiratory tract
by viral infections that may promote invasion by
M. catarrhalis ®.

This study noted that there has been no strong
correlation  between  chronic  obstructive
pulmonary disease (COPD) and Moraxella
catarrhalis in Sudan. This observation disagrees
with that of Timothy and his fellows who
concluded that M. catarrhalis likely causes
approximately 10% of COPD ©7),

Antibiotic sensitivity pattern showed high level
resistance to penicillin, this is due to rapid
increase in prevalence of beta lactamase
producing strains of Moraxella catarrhalis. In
the present study, 100% of isolates are B-
lactamase producers. This is semi similar to the
observation of Anita et al in 2011 and Hanan in
2000 who found that the proportion of beta
lactamase producing isolates was 84 % 6 39),
Proportions higher than 90% were found in
several studies. In 2007, Esel and his fellow
found that the percentage of b-lactamase
producing strain of Moraxella catarrhalis was
94% ©9. Another report in turkey found that
96.9% of clinical isolates and 90.6% of carrier
strains produced B-lactamase ). A recent study
conducted in Taiwan showed the rate of beta
lactamase production was 97.8% “Y. The
dramatic increase in frequency of beta lactamase
producing M. catarrhalis could be regarded as
the fastest dissemination of any known beta-
lactamase producing bacteria within all bacterial
species 2),
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The beta lactamase activity of M.
catarrhalis is inhibited by beta- lactam
inhibitors such as clavulanic acid and
sulbactam®. This fact can be reflected by the
finding that all isolates in this study were
sensitive to amoxycilin- clavulanic acid
combination. However, this sensitivity
pattern is in discrepancy with that reported
by Tamang et al which found that only 4%
of Moraxella catarrhalis isolates were
resistant to both amoxicillin-clavulanate and
ceftriaxone and 8% were resistant to
ciprofloxacin (2,

The present study shows that all isolates
were sensitive to amoxicillin-clavulanate
and ceftriaxone. This observation is similar
to that of Tamang et al. @,

It has been demonstrated in vitro that
Moraxella catarrhalis BRO enzyme can
confer protection against B-lactam to other
co-existing respiratory pathogens residing in
the host. This phenomenon, referred to as
indirect  pathogenicity, of Moraxela
catarrhalis may lead to antibiotic failure
when treating a mixed infection containing
both susceptible bacteria and resistant
Moraxella catarrhalis strains @ 23,

This, along with the great increase in the
percentage of strains producing B-
lactamase, makes it necessary to report the
isolation of Moraxella catarrhalis when
seen both in isolation and when co-existing
with other pathogens. This will help in the
selection of appropriate antibiotics and also
in combating infections by other pathogens
which may be other- wise protected by B-
lactamase  produced by  Moraxella
catarrhalis.

CONCLUSIONS

This study shows that Moraxella catarrhalis
IS an important respiratortract pathogen in
adults and children in Sudan. The
emergence of antibiotic resistance in
Moraxella catarrhalis suggests that the
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incidence of these infections may continue
to rise.
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ABSTRACT

In this paper we utilize the symmetry group of differential equations in reducing the number of
variables, thus reducing the order of differential equations. The reduction procedure is discussed
thorouly. We also illustrate the procedure with some examples.
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INTRODUCTION

The methods used to find group-invariant
solutions generalizing the well known
techniques for finding similarity solutions,
provide a systematic computational method
for determining large classes or special
solutions. These group-invariant solutions
are characterized by their invariance under
some symmetry group of the system can all
be found by solving a system of differential
equations involving r fewer independent
variables than the original system 2),
Consider a system of partial differential
equations A defined over an open subset
McXx U= RPx RY of the space of
independent and dependent variables. Let G
be a local group of transformations acting on
M. A solution u = f (x) of the system is said
to be G -invariant if it remains unchanged by
all the group transformations in G, i.e. for
eachge G ©.

49

The functions f and g . f agree on their
common domains of definition. For
example, the fundamental solution u = log
(x? + y?) for the tow-dimensional Laplace
equation uxx + Uyy = 0 is invariant under the
one-parameter rotation group:

SO(2) : (X,y,u) - (XcosO - ysinO, xsin® +
ycosO,u) acting on the independent
variables x,y. We can define a G -invariant
solution of a system of partial differential
equations as solution u = f (x) whose graph
S= (x,fx) cM is a locally G -
invariant subset of M.

If G is a symmetry group of a system of
partial differential equations A then, under
some additional regularity assumptions on
the action of G, we can find all the G —
invariant solutions to A by solving a reduced
system of differential equations, denoted by

A" which will involve fewer independent
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variables than the original system A @,
Method of reducing the variables in
partial differential equations

i) Find all the infinitesimal generators v of
symmetry group of the system using the
basic prolongation methods.

i) Decide on the “degree of symmetry” s of
the invariant solutions. Herel <s < p will
correspond to the dimension of the orbits of
some subgroup of the full symmetry group.
The reduced systems of differential
equations for the invariant solutions will
depend on p — s independent variables ©.
Thus to reduce the system of partial
differential equations to a system of ordinary
differential equation, we need to choose: s =
p-1.

iii) Find all s —dimensional subgroups G the
full symmetry group found in part (i). This
is equivalent to finding all s —dimenional
subalgebra of the full Lie algebra of
infinitesimal symmetries v. To each
subgroup or sub algebra there will
correspond a set of group-invariant solutions
reflecting the symmetries inherent in G
itself.

iv) Fixing the symmetry group G we
construct a complete set functionally
independent invariants, which we divide into
two classes

Yi= gl xu e, y?P S =

nP = (x,u) vt =
EV x,u v, 09 = &89 x,u

. (D)

corresponding to the new independent and
dependent variables, respectively. If G acts
projectably, the choice of independent and
dependent variables is prescribed by
requiring the N"® to be independent of u; in
the more general ease, there is quite a bit of
freedom in this choice ©®, and different
choices lead to seemingly different reduced
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systems, all of which are related by some
form of “hodograph” transformation.
v) Provided G acts transversally, we can
solve eqn. (1) for p — s of the x' s, which we
denote by x, and all of the u's in term of y, v
and the remaining s- parametric variables x.
X=y Xyv, u=46 x5,y,U ....(2)

Furthermore, considering v as a function
of y, we can use (1) , (2) and chain rule to
differentiate and thereby find expressions
for the x- derivatives of any G-invariant u
in term of y, v, y —derivatives of v and the
parametric variables Xx,

u=6" x,yv"
vi) Substitute the expressions (2) and (3)
into the system A(x,u™) = 0, the resulting
system of equations will always be
equivalent to a system of differential
equations for v = h(y) independent of the
parametric variables x.

A
Gyv" =0....(4

vii) Solve the reduced system (4), for

each solution v =h(y) of & . there

corresponds a G - invariant solution u =
f(x) of the original system, which is
given implicitly by the relation:

Ex,u = BAnlx,u) ... (5)
Repeating  (iv) through (vii) for each
symmetry group G determined in step
(iii) will yield a complete set of group —
invariant solutions for our systems.
Applications of the method of reducing
the variants in partial differential
eguations.

Example (1)
Consider the one-parameter scaling group

x,t,u = Ax,At,u ,A € RY,
acting on X x U ~ R® . On the upper half
space M = {t > 0}, the action is regular,
with global independent invariants y = x/t
and v = u. If we treat v as a function of y, we
can compute formulae for the derivatives of
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u with respect to x and t in terms of y, x and
the derivatives of v with respect to y, along
with a single parametric variable which we
designate to be t, so that x will be the
corresponding principal variable ), by using

the chain rule, thatifu = v=By =8

then:
ux=t oy, u=-t2xuy=- ttyuy
Further differentiations yield the second
order formula:
Uxx =t 2 Uyy, Uxt = - 2 (yUyy + Uy)
Uy = -t 72 (Y2Uyy + 2y0y) ...... (6)
One the relevant formulae relating
derivatives of u with respect to x to those of
L with respect to y, have been determined,
the reduced system of differential equations
for the G —invariant solutions to the system
A is found by substituting these expressions
into the system wherever they occur. In
general this leads to a system of equations of
the form:

Ay X, yu™ =0v=1,......1,
still involving parametric variables x. If G is
actually a symmetry group for A the
resulting system is equivalent to a system of
equations, denoted:

A
(E) yu'" =0, v=1, ...l

which are independent of the parametric
variables, and thus constitute a genuine
system of differential equations for A as a
function of y.

Example (2):

The one-dimensional wave equation Ut — Uxx
= 0 is invariant under the scaling group. To
construct the corresponding scale-invariant
solutions, we need only substitute the
derivative formula (6) into the wave
equation, and solve the resulting ordinary
differential equation, we find:

t % (YUyy + 2yUy - Uy) = 0

This equation is equivalent to an equation
(Y= 1) uyy +2yuy =0

o1

in which the parametric variable t no longer
appears. This latter ordinary differential
equation is the reduced equation for the
scale-invariant solutions to the wave
equation. It is easily integrated, with general
solution:

y-1

y+1

where c, ¢ are arbitrary constants. Replacing
the variables y and v in the solution by their
expressions in terms of x, t, u we deduce the
general scale-invariant solution to the wave

equation to be:
x-1

v=clog + ¢,

u=clog e + C.

Example (3): (The heat equation)
The symmetry group of the heat equation
consists of a six-parameter group of
symmetries particular to the equation itself
plus an infinite-dimensional  subgroup
stemming from the linearity of the equation.
For each one-parameter subgroup-invariant
solutions, which will be determined from a
reduced ordinary differential equation,
whose from will in general depend on the
particular subgroup under investigation ©.
a) Travelling Wave Solutions: in general,
travelling wave solutions to a partial
differential equation arise as special group-
invariant solutions in which the group under
consideration is a translation group on the
space of independent variables. Consider the
translation group:

x,t,bu » x+cgt+su,c€ER
generated by d; + ¢d, in which c is a fixed
constant, which will determine the speed of
the waves. Global invariants of this group
are:

y = X-Ct, U=U .eenne. @)
so that a group-invariant solution v = h(y)
takes the familiar form u = h (x-ct)

determining a wave of unchanging profile
moving at the constant velocity c. Solving
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for the derivatives of u with respect to x and
in terms of those of v with respect to y we
find:

Ut = - CUy, Ux = Uy, Uxx = Uyy
Substituting these expressions into the heat
equation, we find the reduced ordinary
differential equation for the travelling wave
solutions to be:

Uyy + CUy = 0
The general solution of this linear, constant
coefficient equation is

u(y) =ke+1,
for k,I arbitrary constants. Substituting back
according to (7), we find the most general
travelling wave solution to the heat equation
to be an exponential of the form:

u(x,t) = ke 4|,

b) Scale-invariant solutions. There are two
one-parameter groups of scaling symmetries
of the heat equation, and we consider a
linear combination ©:

X0x+2tot+2audy a€Rr,
of their infinitesimal generators, which
corresponds to the group:

x,t,u » Ax+ A%t+ %% ,Ae Rt
On the half space {(x,t,u) : t > 0}, global
invariants of this one-parameter group are
provided by the functions:

_ X _;-a
y=g U t™u

Solving for the derivatives of u in terms of
v, we find:

u =tiuu, u, = t9 2y,
ity = 124

i e "
Up = - Ext” 3/2Uy + atly =

1, 1
t1(- 2 YUy + av).
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Substituting these expressions into the heat
equation, we find:

(% 1y, = té1 1 Uy, + au
yy = Zyy )

This equation is equivalent to one in which
the parametric variable t does not occur,
namely:

1
Uyy + Eyuy + av= 0,

which forms the reduced equation for the

scale-invariant solutions. If we set w =
1 -

vexp. (Eyz) then w satisfies a scaled

from of Webers differential equation,

1 2
wyy = (a+ DYy v
The general solution of this equation is

1 —
wy = KU 2a+ = + KV(2a

B
2°2
1 vy )
+ =, —
2°2
Thus the general scale-invariant solution to
the heat equation takes the form:

. 1 x
uxt = taeX* /8Ky 2a+ —,—
t 2' V2t
— 1
+ KV 2a+ =

i
25

If a =0, we obtain the probability solution:

X _
uxt = kerf — + k*
V2t

where erf is the error function.

c) Galilean-Invariant Solutions: The one-
parameter group of Galilean boosts,
generated by v = 2td, - xud, has global
invariants y = t, u = u exp (x?/4t) on the
upper half space {t > 0} ©, we find

2 ;

_x2

Up = (Uy + o) v)e 4t
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e S T

upe = (g7 - 5 ve # |

Therefore, for the heat equation the reduced
equation for Galilean- invariant solutions is
a first order ordinary differential equation

2yuy + 0 = 0. The solution is v(y) = \/—’;
Hence the most general Galilean- invariant
solutions is scalar multiple of the source
solution,

(0 = e u
u\x, = \—=) €

Vit

which we earlier found as a scale- invariant
solution.

CONCLUSIONS

There is a one-to-one correspondence
between G -invariant functions u = f(x) on
M and arbitrary functions v = h(y) involving
the new variables. To explain this
correspondence, we begin by invoking the
implicit function theorem to solve the
system y = n (x) for p — s of the independent
variables, say %= (x,.......x"7-1), in
terms of the new variables, y1, ... ... ... L
and the remaining s old independent
variables, denoted asx = x/1,.....
Thus we have the solution x = y(x,y), for
some well —defined function y. Then we

solve the reduced system 2 c yv® =o.

.xij-‘ .

For each solution v = h(y) of & ., there

corresponds a G -invariant solution u = f(x)
of the original system, which is given
implicitly by the relation:

Exu =08{nxu}l

53
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MINIMIZATION Z=200000XB1A+170000XB1K+160000XB2A +
110000XB2K +40000XAS+ 80000XKS

CONSTRAINT:
XBLA+XBLIK=Z400. ... c.ecvee oo, (1)
XB2A+XB2K=Z600.... ... eeoeeeee e eee e, )
XBLAFXB2A-XASE. .. ..o 3)
XBLKAXB2K-XKSZ0 ... ..o (4)
XASHFXKSZL000 ... (5)
XBLAKZ300 ..ot (6)
XBIKSZ300 ..ottt )
XB2AKZE00 ...ttt (8)
XB2KSZ500 ...ttt (9)
XASKZT00 ... oo, (10)
XKSKZT00 ... oo, (11)

NONNEGATIVE INTEGAR:

XB1A,XB1K,XB2A ,XB2K,XAS,XKS>=0 AND MUST BE INTEGAR

Ja b Laadi mabll JS) e ojlicly WINQSB
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1 HOlA 300 0000 Z00.000.0000 SO0.000.000.0000 [+] braasie -M Z210.000.0000
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Decision = Solution = Unit Cost or Total Reduced Basis Allowable Allowable
| | Vvariable Yalue Profit c{j) Contribution Cost Status Min. cij) Max. cij)
1| xB1A 400.0000 200.000.0000 80.000.000.0000 0 basic 160.000.0000 210.000.0000
2| xBiK 0 170.000.0000 0 10.000.0000 atbound |160.000.0000 M
3| xB2a 0 160000 0000 ] 10.000 0000 at bound 150000 0000 M
4| xB2K 6G00.0000 110,000.0000 66,000,000.0000 0 basic -M 120.000.0000
5 | XAS A00.0000  40,000.0000  16.000,000.0000 ] basic 30.000.0000  50.000.0000
E >XKS 600.0000 80.000.0000 48.000.000.0000 0 basic 70.000.0000 90.000.0000
| | Objective | Function {Min.) = 210.000,000.0000
] lell Hand Righl Hand Slack Shadow Allowable Allowable
| |Constraint Side Direction Side or Surplus Price Min. RHS Max. RHS
EN Cl A00.0000 5 A00.0000 U U A00.0000 M
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IR C3 0 = 0 0 200.000.0000 -400.0000 0
4| 4 4] = 0 0 160000 0000 100 0000 4]
5 153 1.000.0000 = 1.000.0000 0 240,000.0000 600.0000 1.000.0000
6 | CcB AQD Q000 = A00 0000 4] 4] A00.0000 M
i c7 0 <= 200.0000 200.0000 0 0 M
IR c8 0 <= 400.0000 400.0000 0 0 M
9| ca GO0 QO00 <= 600 4000 0 0 600 0000 M
10 c10 400.0000 = 700.0000 300.0000 0 400.0000
1| 11 6000000 = 000000 100 0000 4] 600.0000
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