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The Importance of Classroom SeatingManagement

Introduction

Classroom is the locate where most traditional teaching and learning operations
take place. And well managing gives another positive dimension in the process
of both teaching and learning. AsGor et al. (2014) state that “Classroom
management, training management are the first and fundamental step in the
directory. The classroom is the place where teachers come face to face with
students. The formation of student behavior which is the goal of education
begins here”. However, both teachers and students should be familiar with the
impact of classroom management in the why of improving students’
achievement. Although many experienced teachers who spend a long time in
the field of education, they still blind and unaware of the importance of
classroom management (see Evertson and Weinstein 2006). By the same token,
Art-in (2013: 940) adds that “In learning management process emphasis is
placed on the arrangement of subject content and learning activities”.
Moreover,Zerin (2009) pointed out that “No language can be taught effectively
by focusing only on the methodology and ignoring the issues pertaining to
classroom management”. Therefore, my focus in this paper is on the seating
arrangements in ESL classrooms which is one of the most important aspects of
classroom management in order to solve many problems face various teachers
at the third world with special reference to Libyan context.

Background

Well-managed classroom gives opportunity to the students and teacher to be
able to respond to what happens in classroom. Teachers, while performing
teaching activities, need to acquire skills in classroom management issues, such
as rulemaking, establishing healthy communication with students, changing
unwanted behaviors, effective time management and class order.Kizlik, (2015)
pointed out that classroom management and management of student conduct are
skills that teachers acquire and hone over time. These skills are achieved
through years of teaching experience. Effective teaching requires considerable
skill in managing the myriad of tasks and situations that occur in the classroom
day by day. Skills such as effective classroom management are central to
teaching and require "common sense,” consistency, an often undervalued
teacher behavior, a sense of fairness, and courage. Therefore, these skills also
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require that teachers understand in more than one way the psychological and
developmental levels of their students. The skills associated with effective
classroom management are only acquired with practice, feedback, and a
willingness to learn.

So, the role of the teacher in the classroom to create a positive atmosphere is
based on a well-organized management. As Scrivener (2005: 79) points out that
“Your most important job is perhaps to ‘create the conditions in which learning
can take place’. The skills of creating and managing a successful class may be
the key to the whole success of a course”. So, teachers' effective classroom
management has influence on the student achievement and development of
positive attitudes toward school. In a case study, it has been found out that
teacher's encouragement, use of positive strategies, such as drawing attention to
positive behavior causes to increase desired behaviors and decrease undesired
behaviors (Ellis andBlake1986; Sadik, 2002).

Another aspect of effective classroom management of teachers is to be able to
successfully manage unwanted behavior. Understanding the underlying causes
and the behavior of undesirable behavior by the teachers is importantto
anticipate the unwanted behavior and to solve it in an accurate approach when it
occurs. All teachers at different levels are in need of strategies and techniques
related to the class management while intervening the undesirable behavior.
Strategy adopted by the teacher becomes effective on the extinction or the
repetition of undesirable behavior.

A corroding to Evertson and Weinstein (2006:909) argue that “A number of
studies have found that classroom management is a primary area in which
beginning teachers feel under prepared”. Classroom management is not wide
studied at university or at teachers training colleges as Evertson and Weinstein
(2006: 888) point out that “Beginning teachers frequently place the blame for
their lack of preparation squarely on the inadequacies of the classroom
managements”.Therefore, researchers affirm that teachers must have trained on
how to manage their classes (see Bryson 1998, Evertson and Weinstein 2006),
in order to know how to implement methods for responding to student behavior
that disrupts the learning environment or create unsafe learning
setting.However, all techniques and methods of teaching are affected by the
teachers’ beliefs and thoughts as Johnson (1999:30) states that “our beliefs
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shape our representation of reality and guide both our thoughts and our
behaviors”.

The Arrangement of Seating

Seating arrangement is one of the most important parts of floor space. There are
some common seating arrangements which include horizontal rows, vertical
rows, circles and long tables which serve different purposes. As Ming-Tak and
Li Wai-Shing (2008:48) believe that “a good seating arrangement is one which
facilitates specific learning tasks and activities and communicates a teacher’s
beliefs about learning and teaching”.Moreover, changing seating arrangement
plays a vital role to make the learners more involved in the class and can help
them interact with different people. For example, seating in circles, squares and
horseshoes rather than parallel rows increases student interaction. This can
make eye contact with everyone else in the group and encourages students to
communicate and interact much more naturally.

According to this Harmer (2007:40-2) proposed and classified students seating
inside the classroom into three types of seating arrangements. They are as the
following:

1.0rderly rows: In orderly rows seating arrangement, both teacher and
students can see each other and they can have eye contacts. Maintaining
discipline is easier in this seating arrangement. Teacher can also walk up and
down if there is an aisle and can have personal interaction with the students and
watching what they are doing. This type of arrangement is suitable for watching
a video, using the board, explaining a grammar point, demonstrating text
organization, showing student work on an overhead transparencyetc where the
teacher can work with the whole class in the same time by focusing on the same
message. Teacher needs to engage the whole class while working with them in
this arrangement and for this teacher must move round especially when s/he
wants to see every individual student. Orderly row is best suited for medium to
large classrooms over forty.

2 « Circles and horseshoes: This type of seating is preferable in smaller
classrooms and both teacher and students prefer these seating arrangements.
However, there is a slight difference between circles and horseshoes, that is, in
horseshoe; teachers’ position is at the open end of the arrangement where the
blackboard is situated, whereas in circle, teachers’ position is between the
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circle. In circle seating arrangement, there is a feeling of equality among the
students since the teacher’s position is among them. In horseshoe seating, it
may not be true since the teacher position is at the centre of the classroom
although there is a greater chance to get close to the students. The most
important advantage of this type of seating arrangement is that, all the students
can see each other which are not possible comparing with orderly row
arrangement.

3 e« Separate tables: Separate table is more informal than other seating
arrangements where students are seated in small groups in separate tables. In
this arrangement, teacher work as a facilitator who moves around and checking
the students’ work helping out if they are having difficulties. The atmosphere
of the class is less hierarchical in this arrangement compared to the others.

When the teacher works with the students of one table, the other students get on
with their own works. The negative sides of this arrangement are that the
students may not want to work with the same peers all the time. Another
problem of this arrangement is that it is difficult to teach the whole class since
the students are more scattered and separated.

Besides, teachers need to consider the nature of the students while arranging the
seats. They should arrange the seating in such a manner so that the teaching and
learning can occur in the class as effectively as possible. They also need to
ensure the participation of all the students in the class. It should not happen that
students who are seated in the front or at the centre of the classroom are
interacting and participating in the activities more than the students seated in
the corner or back of the classroom.

Students seating is a crucial and important step in the classroom management
because if a teacher does not well managed this students will squeeze and tray
to isolate themselves by seating within private groups or individual which may
affect learning and participation as Bryson (1998:20) points out that “Left to
their own device pupils will normally choose to sit with their best friends, their
friends of moment, in peer groups or in isolation-none of which is the best
arrangement for learning”. Therefore, changing students places of setting melt
the gape among them to ovoid keep sticking on one friend or one group.
Scrivener (2011:61) points out that
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Changing seating arrangements can help students
interact with different people, change the focus
from you when appropriate and allow a range of
different situations tobe recreated within the
classroom, as well as simply addingvariety to the
predictability of sitting in the same place every
time.

This is also useful to keep students in the same distance from their teacher when
they change their seating position. Moreover, this technique of rearrangement
student seating positions helps students to achieve better and gain the purpose
of the activity as Bennett & Dunne (1992: 109) state that “teachers should set
up different groups for different tasks and purposes”. This indicates that the
teachers treat students equally and avoid allocating roles according to race,
gender, and sexuality (see ibid). However, Harmer (2012: 180) states that “it is
also important to bear in mindthat the students may not want to be stuck with
the same three or four students forever”.

But Packard & Race (2000: 90) state that “A disorganized classroom or
constantly changing routines make for chaotic lesson”. Because only with well-
organized classes, teachers have the opportunity to move, circulate during the
activity and listen, observe, and take notes. Arrange the classroom furniture
helps both teachers and students tomaximise leaning opportunities and
minimize disruption (see Bryson 1998, Harmer 2015).

In order to engage your students, you need to manage them well. Setting rules
and routines from the first day of school will help you create a positive
environment where students and teachers will feel comfortable learning and
teaching. Although establishing a productive routine takes time, it is necessary
to create it from beginning. Gain knowledge on effective strategies, routines
and seating arrangement can implement inside the classroom which experience
plays crucial principle in the whole operation.

However, in some cultures teachers do not give any attention to the classroom
rearrangements during the whole course or year. According to my experience as
a teacher and an inspector, the majority if not all teachers especially at primary
and preparatory schools do not keep this technique in their agenda and never try
to change the classroom routine. Thus, Libyan teachers face various problems at
each beginning course or year from the students’parentswho want to have a
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grantee to sit their children at the first row without taking any other
consideration in the account. Therefore, any student who may not come with
his/her mother to the teacher from the first school day equipping the first
seating row may sit at any place (most of the time at the back) until the end of
the course or year. If we ask why this has happened, simplythe answer is that;
teachers in Libya may not have learnt the importance of seating arrangement
techniques and have not applied them at their classes.

Based on these, teachers should be familiar with classroom management which
is most important job of them to create the conditions in which learning can
take place to the whole students as Scrivener (2011:54) states that “the skills of
creating and managing a successful class may be the key to the whole success
of a course”. Students are indeed profoundly affected by what they see, hear,
and feel when they inside their classroom. Hughes et al. (2007:52)state that
“The classroom environment itself plays an important role in students’ language
learning. A positive classroom environment offers opportunities for students to
use English and encourages them in their learning”. Therefore, the teacher is the
one who decides the way of seating in order to come up with configurations that
make interaction among students most feasible and does not allow some
students to ovoid facing other students or their teacher due to their weak
performance orshyness. Teachers should give students plenty of opportunities
to participate with each other based on the students way of seating.

The teacher should decide who sits next to the other student and s/he asks
his/her students when to arrange due to the need of doing so (see Brown 2007:
242) He (ibid) also states that “In some ESL contexts, or where students come
from varied native language backgrounds, English will be more readily
practiced if students of the same native language are not sitting next to each
other. And if some adjacent students are being disruptive, you may decide to
selectively move a few people”. It is also important in organizing class seating
that the teacher should know well what s/he wants to do and what students need
to learn. According to this respect Harmer (2013: 136) points out that “One
aspect of organization that is especially appropriate for large-class teaching in
telling the students what is going to happen in a lesson and summarizing what
has happened when it has ended”.

There are many ways of arranging students’ ways of seating inside the
classroom in order to avoid student’s fossilization in one particular place and
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with one or two colleagues only. As Johnson (2008: 343) points out that
“Different ways of grouping students naturally suggest different ‘desk
patterns’”. In traditional classrooms teachers sit in the front, centre while the
students are in serried ranks in front of them. This way is accepted but it is not
in the whole course or year. As Pasteur (2015) stated that “There are different
ways to organize the students in your classroom. Types of seating charts
include student choice, alphabetical, and teacher placed”. He also emphasized
that “Seating charts are one of the best preventative measures a teacher can use”

(ibid).

Rearranging students seating gives the teacher a chance toget ridof the parents
by asking for the first rows. These ways of arrange students’ seating may take
the following techniques: the teacher may ask students to sit according their
date of birthday, by their height, by their names i.e names start with the same
letter, by color of their clothes, shirts, trousers, skirts, shoes.... The teacher my
play this games with his/her students to start arranging their ways of seating at
the beginning of the lesson. So, the teacher does not have to limit himself to
one particular set-up if a variety of arrangements will work best for him and his
students.

Conclusion and Recommendation

Seating arrangement is one of the most important aspects of classroom
management which is connected to the other aspects of it. In a language
classroom, seating arrangement is important to create a positive learning
environment. There are different types of seating arrangement for different type
of classroom. All type of seating arrangement has some positive and negative
sides. All of them are not suitable for all classes. Some are good for some
classroom contexts whereas some are not. So, our teachers should be familiar
with the importance of seating students inside the class and why they should
change students seating.

Teachers should try to make their students feel comfortable in the class by
changing the classroom setting from time to time and according to the necessity
of the lesson. So, teachers instead of fixed seating arrangement as traditional
way of seating, they can try different types of seating arrangement and remove
the concept of fixed seating all the year or course. | believe, one type of fixed
seating arrangement cannot benefit the students all the time and it also does not
fulfill the purpose of teaching and learning
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Naturally, there are different types of students in each class; some students are
weak and some strong. This indicates that some need teachers help so
frequently whereas some do not need any help. Therefore, if the teachers place
those types of students together, it will be easy for the teacher to work with
them. Otherwise teachers have to move from one place to another very
frequently.

Students can participate in arranging their seating and instead of getting stuck in
an unsuitable seating arrangement, ask students to rearrange the seating
arrangements when it is preferable and possible.

Rearrangement students seating can encourage shy students who hide
themselves at the back of the class to participate with their colleagues in any
class activity. Finally, teachers need to be aware enough to the importance of
seating arrangements and how they can create suitable atmosphere inside their
classes to encourage learning EFL.
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1-D and 2-D COSY *'P{*H} NMR Spectra of mixed Rhodium-
Iridium clusters[Rhlr,( pu-PPh,); (CO)s] reaction with PPh; and
DPPM.

Abstract.
The synthesis of mixed rhodium and iridium clusters [Rhlr,

( u-PPhy)s (CO)s],and [IrRhy(p-PPh,)3(CO)s] and their reactions with
triphenylphosphine (PPhs), and Bis(diphenylphosphino)methane
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(Dppm)was investigated. These derivatives were characterized by
1-D and 2-D COSY *'P{'H} NMR, fab-mass spectrometry and x-ray
crystallography . The reactivity of these mixed metal clusters with
(CO) and P(OMe)swas compared to their analogues homonuclear
clusters [Irs( u-PPh;); (CO)s], and [Rhs( u-PPh,); (CO)g] and showed
significant differences attributable to the effect of one metal on the
other.

Introduction

Heterometallic transition metal clusters are of considerable
interest in recent years. This area of research has been reviewed in
past few decades to indicate the considerable potential of mixed-

metal clusters in homogeneous catalysis(M).

Braunstein and co-
workers® synthesized the Pd-Mo heterogeneous catalyst derived
from the cluster [Pd;Mo,(n-CsHs),(CO)g(PPhs),].  This catalyst
resulted in a total conversion of and higher selectivity for reductive
carbonylation of nitrobenzene to phenylisocyanate than did
conventional bimetallic catalysts. Clusters such as Fe,Ru (CO)4, and
Ru,Fe(CO)q, played a significant role as heterometallic carbonyl
clusters in homogeneous catalysis in the hydrogenation and
isomerization of alkynes and dienes®. It has been found that in
some instances, cluster catalysis occurs and that the activity is

related to the electronic effects of substituent'”.

Hydrogenation experiments with phosphido-bridged clusters
as catalysts showed that the activity is dependent neither on the
presence of hydrido- or phosphido-bridges nor on their

(2423 "\With respect to analyzing reaction mechanisms in

number
cluster systems, mixed-metal clusters are particularly useful to
provide information with regard to (1) the effect of one metal on

the reactivity of the adjacent metal centers; (2) details concerning
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site(s) of chemical reactions; and (3) the mechanisms of the cluster
assembly process(s). Information relevant to these aforementioned
goals has been obtained from the utilization of phosphido-bridged
ligands in the development and study of new and chemically

heterometallicsystems®™**.

A few phosphido-bridged trimetallic mixed-metal clusters
have been reported. The novel mixed cobalt and iron cluster
Fe,Co(u-PMe;)3(CO)s(NO),has been prepared by reacting Me,PH
with 1’-C3HsCo(CO); and (NO)(CO)sFe(PMe,H)™. Dixon and co-
workers ¢ reported the mixed Palladium and Platinum cluster
[Pd,Pt(u-PPh,),((1-Cl) (PPhs)s]. Study of this cluster using *'P{"H}
NMR has shown the utility of this technique in work involving
previously difficult to characterize cluster systems, and several
features of >'P{*"H} NMR spectra are diagnostic of the presence of
metal-metal bonds. Braneset. al.,*” reported aseries of 46-electron
mixed Co, Rh, and Ir clusters; [(Cp* M) (CpCo), (CO),] (M,Co series
M=Ir,or Rh) and [(Cp* M), (CpCo) (CO),] (MCo, series M=Ir,or Rh).
This work focuses on the synthetic approach of the mixed rhodium
and iridium clusters [Rhlir,( u-PPh;y); (CO)s] and [IrRh,( u-PPh,)s
(CO)q] and their derivatives. With the aid of *'P{*H} NMR (1D and
2D), line shape analysis, and FAB-MS, identification and
characterization of these mixed metal clusters.

Experimental.

All the syntheses descried in this work were carried out
under an atmosphere of dry nitrogen gas using standard Schlenck
preparative techniques at ambient temperature. Microanalysis
data were supplied by Canadian Microanalytical Services Ltd. ,
Vancouver, B.C. Infrared spectra were obtained using a Perkin-
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Elmer 283 spectrophotometer, and ultraviolet-visible were
measured on a Philips PU 8740 spectrophotometer. >'P{*H} NMR
spectra were recorded on a Bruker WM250 and AC360 FT-
spectrometer operating at 101.3 MHz, and 145.8 MHz respectively.
Protons were decoupled By broad band irradiation at appropriate
frequencies. Chemical shifts are reported in ppm relative to 85%
H;PO4. Second order *'P{'H} NMR spectra were analyzed by
computer simulation using Veastr and NMRPLOT programs/ &%,
FAB-mass spectra were recorded on a Kratos Concept mass
spectrometer using matrix meta-nitrobenzyl alcohol, sample
sometimes dissolved in dichloromethane. The data for the crystal
structure collected on Enraf-Nonius CAD4 diffractometer. The

instrument uses Mo Ko radiation.

Most of the commonly used reagents including RhCl3.3H,0
and PPh; were purchased from Aldrich Chemicals Ltd. (NH,),IrClg
and K;s;RhClg were synthesized from recovered metals using
procedures described in referencesm), for Ir and(”), for Rh. Rh,(u-
Cl),(COD),, [COD = 1,5-cyclooctadiene] and Ir,(u-Cl),(COE),, [COE =

cyclooctene ]synthesized according to procedures described int??,

Synthesis of [Rhir,( u-PPh;); (CO); (PPhs);](1) and [IrRhy( p-
PPh,); (CO); (PPh3),](2)carbon monoxide was bubbled vigorously
through a solution of [Iry(u-Cl),(COE)4)(0.20 g ,0.11 mmol) and
[Rh,(u-Cl),(COD),] ( 0.11g mmol), 0.22 in benzene (20 ml) resulting
in dark greencolor solution . Diethylamine (0.091 ml, 0.88mmol)
was added dropwise to the stirred mixture and after 10 minutes a
brow-yellow solution had formed. Addition of diphenylphosphine
(0.15 ml, 0.88mmol) caused an immediate change to pink-red
solution containing a mixture of [Rhlir,( u-PPh,)s (CO)s] ,[IrRhy( u-
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PPhy);  (CO)s], [Irs( u-PPh,);  (CO)s], and  [Rhs( pu-PPhy);
(CO)6).Triphenylphosphine (0,15g, 0.59 mmol) was added to the
stirred solution and the color changed from pink-red to dark green.
After 16 hours solvent was removed in vacuo, and the residue was
dissolved in @ minimum amount of benzene and transferred to
alumina column. A dark purple band was eluted with benzene,
solvent was removed in vacuo, and crystallization of the residue
from dichloromethane and hexanes gave the product as dark red
purple crystals (0.11g). The clusters were isolated as,[Rhlr,( -
PPh;); (CO)3(PPhs);] (1), [IrRhy( pu-PPh;)s (CO)s(PPhs),] (2), [Irs( p-
PPh;); (CO)s(PPhs),](3), and [Rhs( u-PPh;); (CO)s(PPhs),](4) in the
respective ratios 6:4:2:3 ( mixture was identified by 2D-and 1D
*p{’H} NMR, IR, and FAB-MS).

Synthesis of [Rhir,( p-PPh,); (CO); (dppm)] (5) and [IrRh,( p-
PPh,); (CO); (dppm)] (6) carbon monoxide was bubbled vigorously
through a solution of [Ir,(u-Cl),(COE)4)(0.20 g ,0.11 mmol) and
[Rh,(u-Cl),(COD),] ( 0.11g mmol), 0.22 in benzene (20 ml) resulting
in dark green color solution . Diethylamine (0.091 ml, 0.88mmol)
was added dropwise to the stirred mixture and after 10 minutes a
brow-yelllow solution had formed. Addition of diphenylphosphine
(0.15 ml, 0.88 mmol) caused an immediate change to pink-red
solution containing a mixture of [Rhir,( u-PPh,)s (CO)s] ,[IrRhy( u-
PPhy); (CO)s],  [Irs( u-PPhy)s (CO)s], and [Rhs( p-PPh,); (CO)sl.
Bis(diphenylphosphino)methane (Dppm) (0.11g, 0.29 mmol) was
added to stirred solution and the color was changed from pink-red
to dark purple. After 1.5 hour solvent was removedin vacuo, and
the residue dissolved in a 5ml of benzene and transferred to
alumina column. A red-purple band was eluted with benzene,
solvent was removed in vacuo, followed by crystallization of the
residue by dichloromethane and hexanes to afford dark-purple
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cubes  (0.13). The  clusters isolated as,[Rhlr,( p-
PPh;,)3(CO)3(dppm)I(S)[IrRh;( p-PPhy);  (CO)s(dppm)l(6),  [Irs( p-
PPh,)3(CO)s(dppm)](7), and [Rhs( pu-PPhy)s (CO)s(dppm)](8) in the
respective ratios 5:5:4:3 ( mixture was identified by 2D-and 1D
*'P{*H} NMR, IR, and FAB-MS).

Results and discussions
Crystallographic analysis

The crystal structure of [Rhiry( u-PPh;); (CO)3(PPhs),] (1) was
determined. The cluster crystallizes in the Pna2 space group. The
molecule is shown as an ORTEP diagram in figure 1. The structure
is very similar to that of [Rhs( pu-PPh;); (CO)3(PPhs),]reported by
Jamerson and co-workers'®. The structure of [Rhiry( pu-PPhj)s
(CO);(PPhs);](1) based on triangle of two iridium atoms and one
rhodium atom. The relevant selected bond lengths and angles are
shown in tables 1. The rhodium atom Rh(1), is two electrons short
of the raregas configuration and is thus coordinatively unsaturated.
Each edge of the trimetallic triangle of the cluster is bridged by
diphenylphosphido ligand. The two PPh, groups coordinated to the
rhodium atom are coplanar with the metal atoms plan, while the
third, coordinated to Ir(1) and Ir(2), is almost perpendicular to the
Ir,Rh plane. The metal-metal distances [Ir(1)-Rh(1), 2.87(4) A; Ir(2)-
Rh(1), 2.837(5) A; Ir(1)-Ir(2), 2.723(4) A] correspond with those
normally associated with formal metal-metal bonds. Each iridium
atom has PPh; ligand coordinated to them, and each metal atom
has a single CO ligand.
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Figure 1. The molecular structure of [Rhir,( u-PPh,);
(CO);(PPhs);](1) ( Phenyl groups are not shown for
clarity).[Crystallographic parameters: formula, C;5sHgoO3Pslr,Rh;
fw,1652; Space group, Pna2;(No.33); Radiation(A), Mo(A=0.71069);
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Total reflections collected, 4406; No. of unique reflections in the
final database, 2030; R=0.1003; R,,=0.1293)]

Table(1). Selected bond distances (A) and angles(° ) for the cluster
[Rhir;( u-PPhy); (CO)3(PPh3),]
(Estimated standard deviations are given in

parentheses)
Atoms Distances
Atoms Distances
Ir(1)-1r(2) 2.723(4) Rh(1)-
Ir(1) 2.817(4)
Rh(1)-1r(2) 2.837(4) P(1)-Ir(1)
2.310(3)
P(2)-Ir(1) 2.330(3) P(4)-Ir(1)
2.340(3)
C(2)-Ir(1) 1.900(3) P(2)-Ir(2)
2.350(3)
P(3)-Ir(2) 2.290(3) P(5)-Ir(2)
2.310(3)
C(3)-Ir(2) 1.940(3) P(1)-
Rh(1) 2.290(3)
P(3)-Rh(1) 2.250(3) C(1)-
Rh(1) 1.758(10)
C(1)-0(1) 1.179(10) C(2)-0(2)
1.160(3)
C(3)-0(3) 1.050(3)

Atoms Angles
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Rh(1)-Ir(1)-Ir(2) 61.60(1)
Rh(1)-Ir(2)-Ir(1) 60.80(1)
Ir(2)-Rh(1)-Ir(1) 57.60(1)
P(2)-Ir(1)-P(1) 100.0(6)
P(4)-Ir(1)-P(1) 110.6(6)
P(4)-Ir(1)-P(2) 109.0(7)
C(2)-1r(1)-P(2) 88.40(3)
P(3)-Ir(2)-P(2) 110.0(6)
P(5)-Ir(2)-P(3) 103.1(6)
P(5)-Ir(2)-P(2) 101.3(6)
C(3)-Ir(2)-P(5) 91.8(3)

P(3)-Rh(1)-P(1) 159.2(6)
Rh(1)-P(1)-Ir(1) 75.60(5)
Ir(2)-P(2)-Ir(1) 71.20(5)
Rh(1)-P(3)-Ir(2) 77.50(6)

Spectroscopic Analysis

1D- and 2D- *'P{*H} NMR spectra of the mixture (1) — (4) have
been obtained and analyzed.The*P{'H} COSY NMR spectrum
indicates the presence of four different cluster systems (figure 2).
Signals due to clusters (3) and (4) are easily matched with their
previously reported clustered®*”), Correlation of contours
resulting from heteronuclear clusters [Rhiry( u-PPh,); (CO)s
(PPh3),](1) and [IrRh,( u-PPh;); (CO)s (PPhs),](2), leads to the
identification of both clusters. *'P{"H} NMR spectrum of the
asymmetric  [Rhlry( u-PPh;); (CO)s (PPhs),](1) consists of five
resonances corresponding to five different phosphorus
environments. The multiplets at 278.7, 218.3, 104.2, 51.7, and
29.7 ppm are assigned to P(1), P(2), P(3), P(4), and P(5) respectively
table(2).
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Table(2). *'P{"H} NMR chemical shift (5,ppm) and coupling
constants (Hz) of the clusters (1) and (2)

Cluster Cluster Cluster(2) | Cluster(1)
(2) (1)
o(1) 278.7 226.3
5(2) 218.3 226.3
5(3) 104.2 58.9
5(4) 51.7 29.8
5(5) 29.7 29.8
J(1,2) 226 0 J(3,5) 0 21
J(1,3) 0 18 J(3,6) 0 0
J(1,4) 0 0 J(3,7) 108 ---
J1,5) |0 0 )3,8) |-
J(1,6) 115 117 J(4,5) 55 0
)(1,7) 115 --- J(4,6) 0 0
J(1,8) --- --- 1(4,7) 159 ---
J(2,3) 21 18 J(4,8) - -
1(2,4) 0 0 J(5,6) 0 0
J(2,5) 0 0 J(5,7) 0 ---
J(2,6) 119 117 J(5,8) --- ---
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Figure 2.2'P{*H} COSY NMR spectrum of the cluster (D): [Rhir,( p-
PPh,); (CO); (PPhs),](1) and (C): [IrRhy( u-PPh,); (CO)s (PPhs),](2)

The resonance P(1) is interpreted as overlapping doublet of triplets.
The doublet results strong coupling of P(1) with P(2) (226 Hz) and
the triplets are due to equal coupling of P(1) with Rh(6), and Rh(7)
(115Hz). The large J(1,2) value suggests planarity of these two
bridging phosphides with metal triangle. The multipletP(2) is
viewed as doublet of doublets of doublets. P(2) couples strongly
with P(1) (226Hz), then couples with Rh(6) (119Hz), and finally
couples with P(3) (21Hz). The small coupling constant J(2,3) results
from the P(3) bridge being perpendicular to the trimetallic core,
whereas P(1) and P(2) are in the plane of the metal core. The third
resonance P(3) is also viewed as doublet of doublets of doublets.
P(3) couple withRh(7) giving the large doublet (108Hz), then
couples with P(2) (21Hz), and finally with P(4) (5Hz). The resonance
assigned to terminal PPhsP(4) and P(5) are easily analyzed. P(4)
couples strongly with Rh(7) (159Hz), to give large doublet, then
couples with P(5) (55Hz). The resonance P(5) is observed as doublet
(55Hz). The large J(4,5) suggests linearity between PPh;-Rh-Ir-PPh;,
which correlates with the small J(3,4) value.

The symmetric cluster [Rhlir,y( p-PPh;)s (CO)s (PPhs),](1) gives
much simpler **P{*H} NMR spectrum. The resonances at 226.3,
58.9, and 29.8 ppm are assigned to P(1,2), P(3), and P(4,5)
respectively (table 3). The first multiplet due to P(1,2) isdoubletof
doublets, in which P(1) and P(2) are equally coupled with Rh(6) so
that J(1,6)=J(2,6)= 117Hz, the similarly P(1) and P(2) couple equally
with P(3), so that J(1,3)=J(2,3)=18Hz. The resonance due to P(3) is
simple triplet (18Hz), due to coupling to both P(1) and P(2). Finally,
the terminal P(4) and P(5) couple equally with P(3) to give strong
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doublet (21Hz). Structurally the small coupling value of J(3,4)
suggests a small angle between the terminal triphenylphosphine
and the unique diphenylphosphido bridge P(3). Since the latter is
above the metal plane, it is likely that the carbonyl ligands are
below the plane.

FAB-MS analysis of the mixture of clusters (1)-(4) is
particularly diagnostic of the mixed metal clusters [Rhir,y( u-PPh,);
(CO); (PPhs),](1) and [IrRhy( u-PPhy); (CO);s (PPhs),](2). The mass
spectrum of both clusters shows a molecular ion peak at m/z 1652
[MH]" corresponds to [Rhiry( u-PPh,); (CO)s (PPhs),](1) and
afragment ion peak at m/z 1535, [M-CO]. A sequential loss of CO
ligands as well as PPhs is observed for both spectra.

Phosphido-bridged mixed iridium and rhodium clusters are
structurally similar to their corresponding homonuclear systems.
This is evident from >'P{'H} NMR spectroscopy of both
heteronuclear and homonuclear systems. The reactivity of both
systems with CO and P(OMe); on the other hand differs slightly.

](27), and

Homonuclear clusters such as [Irs( u-PPh,); (CO)s (dppm)
[Rhs( u-PPh,)s (CO)5](28) react with CO and result in metal-atom core
expansion. No reactions observed when corresponding
heteronuclear cluster mixtures treated with excess CO. The reason
for this inertness of mixed-metal clusters towards CO molecules is
not clear at present. P(OMe); easily replaces ligands such as PPh;
in [Ms( pu-PPh,)s (CO)s (PPhs),], M= Ir or Rh to result in [Ms( p-
PPh,);(CO)5(PPh3),{P(OMe); }] leaving PPh3 ligands unaffected.
This represents another example which demonstrates the effect of

one metal on the reactivity of an adjacent metal.
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Diesel Engine Exhaust Gas Flow Modeling for
Fuel Injector fault Detection

Abstract

When the engine basic design parameters are known, the performance of the
engine can be predicted with the assistance of simulation programs into the
less time, cost and near value of actual. However, Mathematical modeling and
dynamical simulation of the combustion processes in internal combustion
engines have advanced rapidly, and is being increasingly accepted in the
industry as a design aid. Most of these models have used the geometric
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parameters of the engine's systems and their relationship with the cylinder
pressure wave as input data to predict engine performance. In this articles,
cylinder pressure and an exhaust gas pressure wave based analysis was
developed, for monitoring of fuel injector faults. A quasi-dimensional
model was developed to simulate a 4- stroke direct injection diesel engine.
The model includes the prediction of incidence of various faults such as fuel
system or fuel injector damage in a combustion system of a direct injection
diesel engine. Obtained results have shown that the simulated exhaust pressure
behaviors and measured exhaust pressure waveforms are in good qualitative
agreement and hence enable the waveforms to be used for the accurate
diagnosis of the different fault sources from the complicated combustion
system.

Keywords. Diesel engines, Exhaust pressure, Fuel injector.

1. Introdictions

The future designs of diesel engines are centering on the combustion

system, valve timings and the fuel injector characteristics so that they can
meet the ever stringent emission regulations. Such designs include the use of
high pressure fuel injectors, micro injector nozzles, variable valve timing and
smart control systems. If any of these components or systems were to fail or
degrade there would be a negative effect leading to variances in the
evaporation rate, bulk spray formation, spray penetration, engine gas exchange
and fuel injector delivery rate variances. This would then result in an
imperfect combustion processes and therefore a reduction in the engine
performance.
As the requirements for emission reduction and fuel economy improvements
have increased significantly the development of more complex engine
control systems and combustion techniques become essential, for
reducing engine emissions while maintaining the engine efficiency [1-
3].

However, presently it is not possible to achieve such a monitoring scheme

without combustion monitoring sensors such as cylinder pressure sensors,
optical sensors or ionization sensors. These are however expensive, difficult to
install and therefore are unsuitable for use in diesel engines.
The use of exhaust gas pressure measurements as a combustion monitoring
tool for internal combustion engines has been investigated for misfire
detection, valve leakage and exhaust manifold leakage [4-9]. The results from
this work are promising for further development in diesel engines.
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Recently the application of exhaust pressure measurements in diesel engine
combustion monitoring was introduced. This method was used for valve
leakage fault detection [8] and fuel injector fault detection [9-10] by using
both the time and frequency domain analysis of the exhaust pressure wave
measured at various locations along the exhaust system. The results from this
research show that the accuracy of this method strongly depends on the
measurement locations and engine speed. Measurement locations have a strong
effect due to the variation of the exhaust system components geometry and their
distance from the combustion events.

The effect of fuel injector faults on the engine exhaust pressure waveform
were investigated using different exhaust systems and by varying the sensor
locations. This clearly shows its capability for detecting minor combustion
deviations between engine cylinders.

However, it is difficult to identify the exact causes of the deviations because
there are many factors affecting the engine combustion process.
Therefore, this study concentrates on engine modeling and simulation to find
the features of exhaust pressure variations with  different  system
configurations including various abnormalities. It attempts to bridge the gap
between highly detailed chemical kinetics, computational fluid dynamic
simulations, and the more simple dynamic models used in flow analysis. The
features developed in this way can thus be relied on to diagnose the root of the
faults which are detected from exhaust pressure measurements.

2. Engine Cycle Modeling

The engine cycle modeling has been proven to be one of the ways to
understand the engine thermodynamics and working cycle operation. During
the last three decades the mathematical modeling and dynamical simulations of
the processes in internal combustion engines have advanced rapidly. Their use
is being increasingly accepted in industry as a design aid. There are generally
three types of models, gas dynamics, filling and emptying and quasi-steady
models for calculating the intake and exhaust gas flow. The gas dynamics
models describe the spatial variation in the flow and pressure in the manifolds.
The filling and emptying models take into account the finite volume of critical
manifold components and the quasi-steady models model the flow through
restricted areas [11]. As the exhaust and intake manifold pressure ratio and
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engine volumetric efficiency play a key role in the parameters of engine
performance, most of these models have used the geometric parameters of the
engine's systems and their relationship with the pressure wave as input data to
predict engine performance.

An analysis of the engine gas exchange process determines that the air mass to
the cylinder depends on the pressure ratio between the exhaust manifold
pressure and the intake manifold pressure [11] and [12]. Any change in exhaust
manifold pressure will therefore require a change in the amount of injected fuel
and mass flow rate of the inlet air which is governed by the engines valve
timings. Several pieces of research on exhaust pressure estimation are
reported in [9] and [7]. Each of these studies shows a particular aspect of the
subject and uses a different approach from the other.

3. Gas Exchange Modeling

The model developed in this work is based on the first law of thermodynamics
for engine cycle simulation and consideration of the exhaust valve opening
period and gas flow from the engine as a thermodynamic open system. The
flow calculation take into consideration the changing cylinder volume with
movement of the piston to predict the mass flow and pressure variation in the
exhaust system. The model includes a one dimensional analysis of the gas flow
in the engine process by solving the mass and energy balance on each side of
the engine system.

Figure 1 shows the gas exchange processes through the neutral breathing diesel
engine components. When the inlet valve is open during the intake stroke the
air enters the cylinder where it is compressed, the fuel is injected and then
burned in the combustion process.
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Figure 1 Schematic diagram of a 4 cylinder diesel engine, (subscript 1 refers to cylinder
1, etc)

The combustion products leave the combustion chamber when the exhaust
valve opens. This process is repeated with every cycle of the engine. To
describe this process accurately, it is necessary to develop the mathematical
models of the dynamic cylinder pressure, heat release, exhaust gas pressure,
valve movement and fuel injection.

In the models used for this study, the system is treated as an open system with
the transfer of mass, enthalpy and energy in the forms of work and heat and
with the engine cylinder as a variable control volume. Ignition commences
when there is positive heat release and the resulting combustion process is
simulated as a uniform heat release with the rate of heat release proportional to
the rate of fuel injection to the engine cylinder during the entire combustion
process. The fraction of the total fuel injected is burned in both period and
depending on combustion period and engine load and speed, without any heat
transfer to the cylinder wall or other engine system.
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3.1 Flow Through Valves

Lets assumed that there is no leakage or any reverse flow from the engine
cylinders to the inlet manifold or from the exhaust manifold to engine cylinders.
The mass flow rate through the engine valves will include a mass of fresh
air flowing from the inlet manifold to the engine cylinder 1, , and mass flow

rate of exhaust gases i, from the cylinder to the exhaust manifold as shown in

Figure 1. Considering the variation of the valve open area with valve lift,
the equation for calculating the flow rate can be simplified by using the
assumption of compressible, steady state and one-dimensional isotropic flow
through the inlet valve [11].

1

dme _ Cd A:Pem Pe 27/ u ’
dt = \/R—ec Pem y— 1 Pem (1) ..........................

and for unchecked flow as

dm

e

m ﬁ f(ﬂJ ..........................................................
)

Where A, is the valve open area,P;,, is the manifold pressure, P;,. is the

cylinder pressure during intake event, T;,,.is the inlet manifold temperature, R is

the gas constant and y specific heat ratio. In the case of the exhaust valve the
exhaust gas flow rate i, is calculated by the same equations by replacing P;,,

and P, in equation 1 and 2 with P, and P,.. Where P, is the exhaust
manifold pressure, P.. is the cylinder pressure during the exhaust process and
C; is the coefficient of discharge for a given valve area which is assumed as

constant and equal 0.6 [14]. To compute the instantaneous valve curtain
area, 4. the valve lift and crankshaft rotation were experimentally determined
from the engine by measuring the valve lift displacement as a function of the
crank angle. Approximating the measured points using a polynomial function,
the equation for instantaneous lift was determined by the given equation:
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L, (0) =a,(0)° +3,(0)° +8,(0) F 84 .eeeeeneeiieeiiee e
(3)

Where a;, a,, a,and a,are polynomial constant.

3.2 Cylinder Pressure Calculation

By applying the concept of a control volume to the engine cylinder, as shown in
Figure 1 and neglecting the heat transfer from the system, the general equation
for a cylinder pressure calculation [11] can be derived as:

P _y-1dQy ypdz, v p A0y p,dM
dt A,z dt z ~dt Az dt A,z dt
e

where A, is the piston cross-sectional area andz is displacement of the piston

referring to TDC.

For the induction stroke, Equation (4) is simplified as

I A VL
dt z dt Apz dt
...(5)

For combustion stroke equation 4 is simplified as

du, dQ dv -

B e P | P
at  dt g M (
6)

Where 1, is the total mass flow rate of the injected fuel during the combustion
phases and k. is the enthalpy of the mixture within the cylinder. Considering
the gas as ideal and neglecting the enthalpy component (v k) and assuming

c, IS constant over the range of combustion temperature, from equation (4) and

(6):
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dQ _ 7 PCd_VJr 1 v dP,
d y-1 "dt y-1 dt
(7)

The heat release rate during the combustion phase is presented by:

Qe = QUiy M et
(8)

Where m., is the total mass of fuel burning during premixed x;, and mixed

controlled combustion x,, and both can be calculated by the Wiebe function
[13]:

X _ao(m+1)(6-6, mexp . -0, m+1
b Ag A@ Aa ...................................................

-(9)

Where & is the crank angle, &, is the crank angle at the start of combustion, A&

is the
change in crank angle that occurs during combustion and a and m are

adjustable parameter obtained from Stone [13] where typically @ =5 and m = 4
. When there is no mass flow in or out of the valve the cylinder pressure during

the combustion period can be calculated by:

P, y-1dQ P aV

dt Vv dt 'V dt
(10)

In the exhaust period, the exhaust valve opens at the end of the expansion.
During this period the inlet valve is closed and the exhaust gases are forced out
of cylinder by the piston into the exhaust manifold. Assuming there is no
back flow into the engine cylinder, equation (4) becomes

dP,. Yo 92y P dm,

dt oz Tdt Az “% dt
(11)
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Where p,. is the cylinder pressure at the exhaust period, z,.. is the exhaust gas
pressure and V.. is the volume of exhaust gas from one cylinder. The exhaust
gas mass flow rate from the cylinder can be determined by equations (1) and

).
3.3 Exhaust Gas Pressure Calculation

The total mass flow rate from all cylinders to the exhaust manifold (1,,,) is
simply calculated from conservation of mass law.

d - dm,,
G T T AT s
(12)

Where n is the number of cylinders. Assuming there is no heat transfer from
and to the cylinder, from the ideal gas law the exhaust manifold can be
modeled as a controlled chamber with a flow-in and flow-out. The pressure in
this chamber can therefore be obtained by

P RT
= = (M )i = (Mg ) o] oo
dt Vm [( em)ln ( em)out]

(13)

Where T.,, and V,,.are the manifold temperature and volume respectively.

el

4. The Experimental Work

All the experiments and data used in this work are from the Ford FSD 425 four
cylinder 2.5 litter direct injection diesel engine. The major engine geometry and
specifications used in this model are shown in Table 1.

Table 1. Physical dimensions of engine and valves

Number of cylinder 4 Exhaust valve out head diameter 36.4 mm
Firing order 1,2,4,3 Exhaust valve inner head diameter | 32.0 mm
Bore 93.67mm Exhaust valve stem diameter 8.92 mm
Stroke 90.54 90.54mm Inlet valve stem diameter 8.94 mm
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Connecting road length 153.89mm Exhaust valve lift 10.50mm
Exhaust manifold 0.000062m’° | Inlet valve head outer diameter 41.90 mm
volume

Inlet valve open 13Tk|)3e::0re Inlet valve head inner diameter 37.90 mm
Inlet valve closed 39° after BDC | Exhaust valve seat angle 45°
Exhaust valve open 51° before Inlet valve seat angle 45°

BDC
Exhaust valve close 13° after TDC | Inlet and valve left 10.50 mm

To establish the validity of the model and to investigate the ability to detect the
fuel injector faults at different operating conditions, the measurements of
cylinder pressure, exhaust manifold pressure, exhaust temperature and
engine load were collected as shown in figure 2.

Exhaust out

' CED 1401 plus ADC Torque
E transducer
— 1 1 Opticzi 1

— Charge encod Speed transducef /Dynamometer
ﬁ amplifier l/

Filter & amplifier

1 < T || U

<
<

il

Exhau  Coolant out
Pressu

___________

A

Exhaust temp- sensor

Figure 2. Schematic diagram of engine and measurement equipments

5. The Model Evaluation

To validate the model and determine how well it supported the objectives of
this work it was tested with different input data to simulate engine operation at
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different loads and speeds. Figure 3a shows the instantaneous measured and
predicted cylinder pressure at different engine loads. The measured pressures
are very close to those of the predicted ones. An accurate prediction of the
cylinder pressure when the exhaust valve is open is essential for this work. This
is because it strongly affects the exhaust pressure wave characteristics. Looking
closer at the pressure peak it can be seen that there is a slight difference
between measured and predicted cylinder pressures in the case of high load (63
Nm). This variation in pressure is due to an increase in the amount of fuel
injected and the heat released as shown in Figure 3b.

Cylinder Pressure vs. Loads at Speed 1500 r/m
80

Heat Release Rate Pattern Variation at 7.6 mg/inj.

)

90 i
—— 16Nm

— 7.6 mg/inj.

=)
7

Q
80— 31m N g mgfinj. |
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2oll 63 Nm 60 84 on)
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Al
60 52 \
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Figure 3. (a) measured and predicted cylinder pressure at different load (b) predicted
heat release at different amount of fuel injected

The valve lift and valve opening area are the two main factors that control the
out flow of the engine cylinder. The rate of mass through the valve and the
exhaust pressure wave fluctuations are determined from the model and show
that the flow rate follows the path of the piston motion. This would agree with
Assanis and Heywood [15]. This shows the exhaust flow has two peaks, the
first due to a rapid blow-down event when the exhaust valve is open and the
second is consistent with the piston motion. Figure 4 and 5 shows the measured
and predicted exhaust pressure for three different fuel injection rates (engine
loads) for an engine speed of 1500 rpm. Comparing them, it can be seen that
both the measured and the predicted pressure have similar variation behaviors
with the engine load. The main peak of the pressure waveform for individual
cylinders is just after the end of the exhaust stroke because of the
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effects of the advanced opening and the retarded closing of the valve motion.
There are two distinct types of pressure feature can be observed. The first type,
around the major peak, is due to the exhaust stroke from the upward piston
motion. The second is between the smaller dip and the larger dip. This is mainly
due to the residual pressure inside the cylinder at the moment of valve opening.
With an increase in combustion pressure, the amplitudes of the main peak
increase whilst the secondary peaks decrease. Moreover, the shape of the
waveforms is uniform over the four cylinders. It is these features upon

which condition monitoring can be performed for a multiple cylinder engine
without the extra requirement of baseline signatures.

Pressure Waveforms for Different Load at 1500rpm
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Figure 4. Measured exhaust pressure at different load
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Figure 5. Predicted exhaust pressure as function of injected fuel (load)
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6. Fuel Injector Fault Detection

The fault diagnosis was conducted on abnormal fuel injector faults which is one
of the most common combustion faults in diesel engines. By comparing the
predicted exhaust pressure behaviors with those of measured at when the
engines running with faulty injector. By varying the amount of fuel injected
into cylinder 1, the severity of an injector fault was simulated. The variation of
the fuel quantity is from 7.6 mg/injection (for a normal injector) to 8.0 and 8.4
mg/injection in low load conditions and from 9.0 to 9.5 and 9.9 mg/injection for
high load conditions. However, the amount of fuel injected into other cylinders
remains the same.

Figure 6 shows the measured waveforms from a faulty injector installed in
cylinderl. The fault was seeded by setting the injection break pressure from
250bar to 190bar. Because of the low injection break pressure, more fuel is
injected into the cylinder. The three waveforms corresponds three different load
conditions for all the cylinders. By comparing the waveforms between different
cylinders it is seen that the main peak from cylinder 1 is clearly high than that
of others. Because of this non-uniformity, it can be concluded easily that the
fault is in cylinder 1.

Pressure Waveforms for Different Load at 1500rpm
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Figure 6. Measured exhaust pressure with injection faults at cylinder 1
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Figure 7 shows the predicted exhaust pressure waveforms with cylinder 1 faulty
injector. Compared with the normal fuel injection, the two higher fuel quantities
result in the exhaust pressure amplitude to increase at the major peak while the
amplitude at the secondary peak remains the same. Based on the change in the
amplitudes it is easy to identify the fault is from the cylinder 1 because its wave
shape is clearly different from the others.

Exhaust Pressure vs Load
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Figure 7. Predicted exhaust pressure with injector fault at cylinder 1 at high load

Figure 8 shows the effect of reducing the amount of fuel from 9.0 to 7.6
mg/injector, on the predicted exhaust pressure waveforms with cylinder 1 faulty
injector. Compared with measured pressure waveform, there are some changes
around the secondary peak of the waveforms. This may be caused by the
variation of speed and load settings during tests and the influences of exhaust
pipeline.
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Figure 8. Predicted exhaust pressure with injector fault at cylinder 1 at low load

7. Conclusion

An attempt has been made to develop a simple mathematical engine model
based on the first law of thermodynamics, capable of simulating the four stages
of the diesel engine cycle and to predict the exhaust pressure for injector faults.
The model has been tested against the experimental measurements for a number
of engine operating conditions. From the model results there is a strong
correlation between the amounts of fuel injected to cylinder and the both heat
release and predicted cylinder pressure. Furthermore, the exhaust pressure
waveform shows close agreement between modeled and measured pressure
waves The variation of the exhaust pressure peak with deviation of the amount
of fuel injected into the cylinder from the healthy condition proves confirms the
possible application of the model for fuel injector fault detection. Injector faults
such as low opening pressure, wear or clogged injector nozzle which led to
excess fuel can be clearly detected and diagnosed.
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Effect of vitamin C deprivation diet to increase mutation by
reporter gene knockout Gulo”cll™ mice Abstract

Gulonolactone oxidase enzyme is important in the final stage of ascorbic acid
biosynthesis. Gulonolactone oxidase is encoded by the Gulo gene. Most animals, such
as mice have the Gulo gene, through which they produce ascorbic acid from glucose,
while humans, guinea pigs and primates carry a nonfunctional Gulo gene. Ascorbic
acid plays an important role in many biological processes. However, it is primarily an
essential as an antioxidant. Ascorbic acid protects genomic DNA from free radicals
which result from oxidative stress that may cause a variety of diseases such as cancer
or heart disease. This study focuses on investigating the role of ascorbic acid in the
elimination of oxidative stress-induced mutagenesis.

To investigate how vitamin C decreases level of the DNA mutation rate and
protects DNA from free radicals, knockout Gulo and Big Blue mice were used as
models to determine the ability of vitamin C to minimize oxidative stress. The Big
Blue mice carry the cll gene which is a reporter gene through which DNA mutation
rate can be detected in any part of body. Therefore, we generated double transgenic
mice which are Gulo deficient or a Big Blue background. Homozygote Gulo cll
positive (Gulo™ clI*) were obtained by crossing heterozygote Gulo cll positive and
homozygote Gulo mice. Five Gulo”cll* mice were vitamin C deficient diet from water
and another five were supplemented with vitamin C. DNA mutation frequency were
analyzed in the two groups. There were significant differences mutation frequencies
between homozygote Gulo™ cll™ mice on vitamin C deficient diet and homozygote
Gulo™ clI* mice fed vitamin C rich diet. In fact mutation frequencies of Gulo™ cll*
mice on vitamin C deficient diet were significantly (10™) higher than on vitamin C
group . These founding support the role of vitamin C as a potent antioxidant reagent
highlight the importance future work that may identify the mutation types generates by

oxidative stress in absence of vitamin C.

Introduction
Vitamin C is an important nutrient for humans and primates (30). This nutrient

plays many roles in the human body. It is necessary for humans to obtain vitamin C
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through their diet, as humans do not synthesize vitamin C due to the absence of the
gene, Gulo (26;30) . This gene was present in early ancestors but was lost through
selection, since more distantly related mammals contain the gene, such as mice (24).
Vitamin C works as an antioxidant to protect DNA from damage that is caused by
reactive oxidative species (ROS) (13). Ascorbate also induces immunity to minimize
lung pathology during influenza infection (23). In this study, is use to determine
whether vitamin C can be synthesized in these transgenic animals and the effect
vitamin C was on preventing DNA damage. A cross of knockout Gulo™ mice with Big
Blue mice provides a reporter gene that detects mutations resulting from a vitamin C
deficient diet (10). This research is significant as it will determine whether this vector
can be administered as a therapy to people who are extremely deficient in vitamin C
(10). It will also investigate the effectiveness of vitamin C in minimizing the oxidation
of DNA, a condition which leads to complicated diseases like cancer (20).
Furthermore, this work will contribute to the use of adenoviral vector for gene therapy
in general (13). Vitamin C, also known as ascorbic acid, is a water-soluble vitamin, an
essential in nutrient for cells, especially connective tissue cells (04). Ascorbic acid has
a therapeutic effect in many biological molecules, such as DNA, lipid and protein (20).
The daily recommended intake of vitamin C is 60 mg/day for adults (20). Ascorbic
acid is not stored in the body but it is eliminated by the kidney when it accumulates
(20). Vitamin C acts as an antioxidant, which maintains both intracellular components
and important processes that are sensitive to free radicals, is a co-factor in many
processes in the body, and plays a role in collagen synthesis, which is the main
component of connective tissue in humans and animals (20;27). Decrease in collagen
synthesis leads to impairment and weakness in blood vessels. This can cause bleeding
as a result of a rupture in blood vessel walls, thus appearing purple and causing pain,

especially in the legs, hands, and skin (15).

Importance of vitamin C

As an antiscorbutic agent, ascorbic acid helps the formation of connective
tissues (39). Ascorbic acid plays an important role in collagen synthesis, and it is an

essential nutrient in humans, guinea pigs and primate animals that lack the enzyme for
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ascorbic acid production (39). Low levels of ascorbic acid in cells cause the collagen-
deficient disease, scurvy. L-ascorbic acid is required for collagen biosynthesis in the
connective tissues of cells (33;36). L-ascorbic acid acts as a co-factor for the enzyme
prolyl hydroxylase and catalyzes the hydroxylation of peptidyl proline in post-
translational processes (16;33). Ascorbic acid reacts with the oxidized iron bound to
prolyl hydroxylase, reduces the iron and helps to produce prolyl hydroxylase enzyme,
which is important for the synthesis of hydroxyproline (36). Hydroxyproline is an
amino acid which is a component of type Il collagen, the main structural protein in
connective tissues, such as tendons, bone, blood vessels, ligaments, teeth and skin
(27;36). The protein that constitutes collagen has three polypeptide chains, forming
triple helices. An inadequate amount of ascorbic acid in the cell leads to a breakdown
of the triple helices of collagen, which results in scurvy (36).

Water-soluble vitamins, such as vitamin C, play an essential role as an
antioxidant and a co-factor in many hormonal processes (38). Ascorbic acid is
primarily a component used in minimizing oxidative stress, which normally is a by-
product of normal biochemical processes in the presence of excess glutathione (32).
(ROS) are formed by normal processes in the body, such as cell proliferation and cell
signaling. Free radicals are produced, which leads to a disturbance of the bimolecular
components of the cell, especially DNA, proteins and lipids. In particular, ROS leads
to DNA damage, which may cause a variety of diseases such as cancer and
neurodegenerative diseases (03;08;09). To minimize this disturbance in cell molecules,
some enzymes work defensively and protect against DNA damage (03;08;09).
Ascorbic acid acts as a therapy to protect the cell membrane and other intracellular
components and processes that are sensitive to oxidative species (30). Many cell
studies have shown beneficial antioxidant effects of ascorbic acid when using ascorbic
acid as a supplement in cell biology and vascular disease (22). Vitamin C is a
micronutrient in food which has the beneficial effect of enhancing the immune system
in the human body (07). Intracellular vitamin C provides protection for neutrophils
from apoptosis during any inflammation (42). In addition, there is a lot of evidence
that vitamin C has the ability to inhibit NO production that is necessary for

macrophage proliferation and activity during phagocytosis (41). Therefore, adequate
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amounts of this antioxidant improves the function and restoration of leukocytes (01).
Experimental models of vitamin C

Knockout mice and Big Blue mice

Small laboratory animal models have been used to study some human diseases
(26). Many endogenous and exogenous factors have been shown to cause genetic
diseases, through the use of mutant mice (26). Targeted modification of the mouse
Gulo gene was done by using the neomycin resistance gene as a target vector inserted
into the Gulo gene and introduced in embryonic stem cells, which can be verified by
Southern blot analysis (26). This modification inactivated the Gulo gene, and therefore,
halts the synthesis of vitamin C (26). Embryonic stem cells are used to generate
knockout mice. These knockout mice like humans, require 330 mg/L of vitamin C as a
supplement in water to survive (26).

Big Blue transgenic mutation models (mouse or rat), carrying cll or lacl as
reporter genes, can used to analyze mutations in DNA (18;28). Lambda lacl or cll is
inserted in the chromosome of Big Blue mice and can be packaged into a lambda
vector. It then is infected into Escherichia coli to analyze the quantity of mutations
(28) . The lacl phage particles, when infected in E.coli appear as blue plaques on plates
in the presence of a chromogenic substrate X-gal (5-bromo-4chloro-3-indoyl-p-D-
galactopyranoside) (19). Mutation frequency can be measured and the DNA sequence
can be analyzed. For the cll gene, the Big Blue model DNA is collected, packaged into
the lambda cll vector and infect into E. coli (G1250 hfl-) (19). The phage infected
E.coli (carrying cll) is grown in two different conditions: (1) incubation at 30°C for
enumerates the number of phage and (2) incubation at 24 °C to enumerate the packaged
lambda cll. Mutation frequency will be measured (19). This transgenic mouse
mutation assay is able to identify spontaneous and somatic mutations, as well as
determine the mutation frequency. DNA sequence can be analyzed determine to the
type of mutation (02;18). The significance of this recent Big Blue mouse strain is the
ability to determine the mutation frequency in any part in the body (28;29). Since,

mutations represent a main cause of most types of cancer (28).
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Research question:
- Does vitamin C reduce DNA mutation during stress?
- How can vitamin C protect the human body from diseases, such as
cancer and cardiovascular disease?

Research Hypotheses:
Vitamin C reduces DNA mutation frequency in vivo

Experimental design
1- Create Gulo-/- cll+ mice:
Big Blue mice:
Is formed from two A phage-based Transgenic mice
— In this system, both lacZ and cll genes are integrated into the
mouse chromosome by A shuttle vectors.
— lacZ and cll are reporter genes for mutation detection (18;28).

Knockout Gulo mice:
— Have a deletion of Gulo gene exons (15).
2- First cross knockout Gulo-/- with Big Blue Gulo+/+ cll+ mice
3- Second cross Gulo-/- with Gulo+/- cll+ mice.
4- Confirm Gulo expression using Western Blot.
5- Gulo-/- cll+ mice on vitamin C deprivation diet or on vitamin C.
6- Weight measurement.
7- Mutation assay.

Definition of terms:

Free radicals: are produced, which leads to a disturbance of the bimolecular
components of the cell, especially DNA, proteins and lipids. In particular, ROS
leads to DNA damage, which may cause a variety of diseases such as cancer
and neurodegenerative diseases( 03;08;09)

Oxidative stress:

Oxidative stress is also referred to as oxidation or free radical damage
Mutation : Mutation is a change in the base pair sequence of genetic material
(DNA or RNA)

Reporter genes: can used to analyze mutations in DNA such as carrying cll or
lacl as(18;29)

RESULTS: Crossing

The plan for crossing the mice was to start with homozygous Gulo mice and
Big Blue mice. The first generation produced the expected results. There were four
heterozygous Gulo and two cll positive mice, each confirmed by Gulo and clli

genotyping. The body weight of these pups (heterozygote Gulo cll positive) was less
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than wild type Gulo after weaning, but pups (heterozygote Gulo cll positive) were
maintained from the first crossing on vitamin C supplementation. Then the
heterozygous Gulo cll positive mice were crossed with homozygous mice. After that,
results of this cross were confirmed by genotyping in both cases. Four homozygote
Gulo cll positive mice were obtained, two males and two females. In addition, some
were heterozygous Gulo cll positive. For our experiment at least twelve mice
homozygous for Gulo and cll positive were needed. Therefore, homozygous Gulo cll
positive males were crossed with homozygous Gulo cll positive females, producing
twenty homozygous Gulo cll positive mice. All homozygous Gulo cll positive mice
were on vitamin C supplementation in drinking water (330 mg per liter) for protection.
Seven heterozygous Gulo cll positive were also obtained. The homozygous Gulo cll
positive were kept and crossed with other homozygous Gulo cll positive and confirmed
by genotype. Thirty homozygous Gulo cll positive mice were used for the experiment.
Five groups of homozygous Gulo cll positive were placed on vitamin C deficient diet
while continuing another group of age, genotype and gender matched mice on ascorbic
acid supplementation. Five groups were started on treatment at different times and also

harvested at different times.

Genotype

Knockout Gulo mice were used to study the effect of ascorbic acid on
preventing DNA mutation as a result of oxidative stress. Big Blue mice (carrying the
cll gene) were used to analyze mutation frequencies. PCR was used to detect alleles of
the Gulo gene as well as the cll gene. Wild type Gulo cll negative, wild type Gulo cll
positive, heterozygote Gulo cll negative, heterozygote Gulo cll positive, homozygote
Gulo cll negative and homozygote Gulo cll positive mice were obtained during the
experiment (Figure 1). These results were confirmed by PCR results, which are 330 bp
for wild type Gulo and 230 bp for a Gulo deletion, and 381bp if the mouse is cll
positive but no band if cll negative (Figure 1: lane 1 and 2). In heterozygous Gulo mice
there are two different bands: one for the deletion (230 bp) and one for the wild type
allele (330 bp) (Figure 1: lane 3 and 4). Also, cll primers were used to detect the
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presence or absence of the cll gene in homozygote or heterozygote Gulo mice. The

PCR amplificon for cll positive mice was 230 bp in size (Figure 2: lane 5 and 6).

Wild type Heterozygote Homozygote
bp cll cll* cll cll* cll cll*
330 < gulo (Wt allele)
230 <« gulo (deletion)

381 » e . _— < cl/

Figure 1: Gel photo showing PCR products from amplification of genomic DNA
isolating from mice using Gulo and cll primers. As well, the different genotypes
resulting from crossing Gulo and Big blue mice are shown, such as Wild type Gulo cllI”
(lane: 1), Wild type Gulo cll” (lane: 2), Heterozygote Gulo cll’( lane: 3), Heterozygote
Gulo cll” (lane: 4), Homozygote Gulo cll” (lane: 5), Homozygote Gulo cll*( lane: 6).

First generation results

Homozygous Gulo (Gulo™) mice were crossed with Big Blue mice (cll*)
while on vitamin C supplemented water, and four mice were obtained: two males and
two females, referred to as the first generation. Once these mice were weaned, tissue
samples were taken from these mice for genotyping. Genotyping was done by PCR
using Gulo primers and cll primers (Figures 2).  All first generation mice were
heterozygous for Gulo while two mice were positive cll. (Figure 6 for Gulo and cll
genotyping). For Gulo, Each mouse tissue sample shows two bands: one is 230 bp and
the other is 330 bp. The same DNA from these mice was then taken and used with clI
primers to detect the cll gene from Big Blue mice. Two mice were carrying the cll
gene, with one 381 bp band (Figure 2). The conclusion of results was two mice were
heterozygote Gulo cll positive (Referred as first generation Gulo*”" clI*) (Figure 2: lane
1and 3).
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Heterozygote Gulo

bp L cll* cll- cll* cll-

<«gulo (Wt allele)

gggl’;g: 338 : <« gulo (deletion)

100 —»

750— |

500— |
381 bp—> Bk
250

1 2 3 4

Figure 2: First generation results of PCR genotyping from amplification of genomic
DNA isolated from first generation mice (crossed Gulo” with Gulo™* cll*). The results
were two heterozygote Gulo and two heterozygote Gulo cll* mice (lane: 1 and 3).

Second generation result

+

The first generation Gulo™ clI* was re-crossed with homozygous Gulo mice,
producing six mice. Tissue samples were collected from these mice for DNA
extraction. DNA samples were used for PCR reactions (using Gulo primers and cll
primers), and the result was two homozygote Gulo cll positive mice and one
heterozygote Gulo cll positive mouse (Figure 3). The homozygote Gulo was re-crossed
to obtained more homozygote cll positive mice. After DNA extraction and PCR, as
seen in the result, the mice were

homozygous Gulo cll positive (Figure 3).
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gulo” gulo”™ gulo”

bp clr- clr+ cll- cll* cll- clr+

<« gulo (Wt allele)
| + gulo (deletion)

330bp ., 300-»
230bp _, 200
100

381bp _, 400~ | < </

300"

Figure 3: Genotype results of second generation mice (F2). Genomic DNA was

+/-

extracted from F2 (crossed Gulo™ cll* with Gulo™), and the results were three mice
homozygote Gulo (lane: 1, 3 and 5), two homozygote Gulo™ cll* (lane: 2 and 6) and

one heterozygote Gulo™ cll* mouse (lane: 4).

Homozygote Gulo

bp cll* cll* cli* cll* cll* cli* cli*

300—> —i

230 bp— 00 P — <« gulo (deletion)

750,

381 bp— ggg_.
L
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Figure 4: Image of PCR amplification of genomic DNA from mice with Gulo™ clI*

parents. All mice shown were homozygote Gulo™ cll”.

Effect of vitamin C deficiency on weight of homozygote Gulo cll
positive mice

The initial sign of scurvy is weight loss, as shown in guinea pigs (17;25). They
start to lose weight after 2 weeks on a vitamin C deficient diet. To determine whether
this weight loss is noticeable in the homozygous Gulo cll positive mice and investigate
how long it take to start to be scurvy after both them on vitamin C deficient diet, six
groups (A, B, C, D, E and F) of mice were used for treatment. The first group was
three males on vitamin C deficient diet and three males on vitamin C, as well, in a
second and third group. These (six groups) homozygote Gulo”™ mice were under
treatment at age 35 days and weighed once a week and results are discussed below.

Effect of vitamin C deficient diet on homozygote Gulo cll
positive mice (Group A and B)

Group A (Gulo™ cll™) and group B (Gulo™ cll™) were 86 days old when first
weighed. They were under treatment for four months. Figure 12 shows weight of mice
in cage A and B. Mice Al (Gulo” cll*), A2 (Gulo™ cll*) and A3 (Gulo™ clI*) are
under treatment of water without vitamin C. Mice B1 (Gulo™ cll*), B2 (Gulo™ clII*)
and B3 (Gulo™ clI*) are under treatment of water with vitamin C, which is a control of
group A. There is a difference between the weights of mice under water with and
those without vitamin C. The mice B1 (Gulo™ cll*), B2 (Gulo™ cll*) and B3 (Gulo™
cll") are heavier than mice Al (Gulo™ cll*), A2 (Gulo™ cll*) and A3 (Gulo™ clI*).
However mouse B1 in (control) has a high weight compared to the others. It has a high
variation as shown in figure 12. Overall, the mice under water with vitamin C (B1, B2
and B3) gain weight more than mice without vitamin C treatment (Al, A2 and A3).
Mice A2 and A3 had a rise and fall in their weight, followed by a big drop in weight
after being given water without vitamin C. However, Mouse Al started to gain weight
(Figure 5).
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Effect of vitamin C deficient diet on homozygote Gulo cll positive mice
(Group C and D)

Six male mice were 66 days old when first weighed. Figure 13 shows the
weight of mice in groups C and D. Mice C1, C2 and C3 are under treatment of water
without vitamin C, and mice D1, D2 and D3 are supplied with vitamin C as a control
of group C. There is no significant weight loss observed until two months after taking
away vitamin C. Then, after three months of absence of vitamin C, they started losing
weight. The mice on C1, C2 and C3 are between 28 g and 31 g. Also, during the
treatment mice on a vitamin C deficient diet were in stable weight as in lane C3. But
mice in the control group have variation as shown by the weight of mouse D2, and
mouse D3 (Gulo™ cll*) had a low weight compared with other mice on vitamin C
(Figure 6).

Effect of vitamin C deficient diet on homozygote Gulo cll positive mice
(Group E and F)

As mention before, the difference between homozygote Gulo™ cll* mice on
vitamin C deficient diet and on vitamin C, group E (Gulo™ cll* on vitamin C deficient
diet) mice and F (Gulo™ cll* on vitamin C), was significant in weight loss. Group E
mice started to lose in weight one month after vitamin C withdrawal. After nineteen
days of losing weight, they lost 22% of their weight and the experiment was
discontinued. However, mice in Group F gained weight and were still healthy until the

end of the experiment (Figure 7).

Estimated cll mutant frequencies in the liver of homozygote Gulo
cll positive mice on vitamin C deficient diet

Spontaneous production of hydrogen peroxide has been recognized as a
mutagenic factor (14). Ascorbic acid is an antioxidant that can reduce the harmful
effect of oxidative stress (14). Knockout Gulo” mice have been used to investigate the
role of ascorbic acid on free radicals and 7,8-dihydro-8-oxoguanine (8-oxoG)(12). Big
Blue mice have been used to detect spontaneous mutations (31). To determine whether

ascorbic acid can suppress production of free radicals following oxidative stress, we
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placed one group of Gulo™ cII* mice on water without ascorbic acid for forty eight
days while maintaining another group of same age and gender mice on ascorbic acid
supplementation. After 48 days the ascorbic acid deficient mice had lost 22% of their
weight. The mutation frequency was calculated (Table 1). The total plaques in an
ascorbic acid deficient (E3) mouse were an insufficient plaque which means no
significant number to calculate the mutation frequency (Table 8 and 9). But, the total
plagues in another ascorbic acid deficient mouse (E2) were 108,750 pfu and a total of
13 mutant plaques. The mutation frequency in this mouse (E2) was 1.25 x 10™. Also,
in mouse E4 the total number of plaques screened was 108,750 pfu and 7 were mutant
plaques, making the mutation frequency in this mouse (E4) 6.5 x 10°. The total
number of plagues measured in the ascorbic acid supplemented (F1, F2 and F3) group
included one mouse with no significant result (F3). However, the F1 mouse had a
mutation frequency of 1.96 x 10~ and mouse F2 had 6.9 x 10~ (Table 2). The level of
mutation frequencies of Gulo™ cll* (untreated) was 1.25 x 10™* mutation frequency (MF)
and of (treated) was 6.9 x 10 mutation frequency (MF). Therefore the number of
spontaneous mutations was greater in an ascorbic acid deficient diet than in the group
on ascorbic acid supplementation. To this point, the level of mutations in other groups
must be confirmed as well as in the rest of mice (E2 and E3) because a low number of
plaques were obtained in tittering. Furthermore, the Package DNA sample will be
amplified and then sequenced to identify mutation type.
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Table 1: Titration of the packaged DNA samples of Gulo™ cll* treated and untreated.

Mean number

Total Plagques

of plagues Screened
Treatment

Group E Ascorbic Acid  Titer

&F Genotype (AA) 20 Titer 20
Gulo™

E2 cll™ No AA 69 103,500
Gulo™

E3 cll™ No AA 0 0
Gulo™

E4 cll™ No AA 108.75 108,750
Gulo™

F1 cll™ On AA 34 51000
Gulo™

F2 cll™ On AA 106.25 159,375
Gulo™

F3 cll” On AA 0 0

Table 2: Measurement of mutation frequency on Gulo™ cll” treated and untreated.

Treatment
Ascorbic  Total
Group Acid Mutant Mutant
E &F Genotype (AA) (screened) Frequencies
1.25
Gulo™ X
E2 cll® No AA 13 plaques 10
Gulo™
E3 cll” No AA 0 plaques 0
6.4
Gulo™ X
E4 cll” No AA 7 plaques 10°
1.96
Gulo™ x10
F1 cll* On AA 1 plaques 5
6.9
Gulo™ X10
F2 cll* On AA 11 plaques 5
Gulo™
F3 cll” On AA 0 plaques 0
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Figure 5: Weight data of mice in groups A and B. Al, A2 and A3 are Gulo™ cll* and
under water without vitamin C. B1, B2 and B3 are Gulo™ clI* and under water with
vitamin C (control). There is a different between mice on water without vitamin C and
on vitamin C.
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Figure 6: Weight data of mice in groups C and D. C1, C2 and C3 are Gulo™ cll* and
under water without vitamin C. D1, D2 and D3 are Gulo™ cll* and under water with
vitamin C (control). There is a different between mice on water without vitamin C and
on vitamin C.
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Figure 7: Weight data of mice in groups E and F. E1, E2 and E3 are Gulo™ cll* and
under water without vitamin C. F1, F2 and F3 are Gulo” cll™ and under water with
vitamin C (control). Figure shown; there is a difference between mice on water without
vitamin C and on vitamin C.

DISCUSSION

Vitamin C is required for several important biological processes in the body. It
minimizes mutations by reducing the effect of free radicals during oxidative stress
(32;37). Ascorbic acid has been implicated to be important in processes such as iron
absorption, spermatogenesis, wound healing, blood formation and in boosting the
immune system (06; 07; 11; 36). It acts as a co-factor to help in hydroxylation of
proline to protect against cardiac vascular diseases, cancer and common colds (07). In
this study, we investigated 1) whether vitamin C acts as an antioxidant and 2) the
ability of vitamin C to eliminate the harmful effects of free radicals, and therefore the

development of certain diseases. Reactive oxidative species (ROS) are a byproduct of
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normal processes that occur in the body, and these free radicals lead to DNA damage
(03;08;09). There is an increase in the level of 8-0xoG during any oxidative stress (40).
In addition, one study reported that vitamin C acts as antioxidant, and described the
damage that can happen during vitamin C deficiency (32;37). Animal models are used
to investigate the role of ascorbic acid in oxidative stress in vivo (12). Knockout Gulo™
mice, guinea pigs, and Osteogenic Disorder Sionogi rats are common animal models
used to study vitamin C (03;23). These model organisms cannot form L-gulonolactone
oxidase, which is the main enzyme for the production of vitamin C (35;40). In this
study, we utilized knockout Gulo™ mice to investigate the function of ascorbic acid in
decreasing the mutation rate and Big Blue mice to quantify and identify the type of
mutations caused during vitamin C deficiency. Big Blue mice can detect DNA
mutations in any part of the body because they have prokaryotic shuttle vectors
carrying a reporter gene, such as the cll and the lacl genes (19;21). These reporter
genes are integrated into chromosome 4 in Big Blue mice (21). Here, we crossed Big
Blue mice with homozygote Gulo” mice. The first generation, which was
heterozygote Gulo™" cll positive, was then re-crossed with homozygote Gulo™ mice to
produce homozygote Gulo™ cll positive mice. We had several problems with the first
cross. It took a long time to breed, pups often died soon after birth, litter sizes were
small, and pups were skinny. Pups from the first generation were weak, and we had to
keep them more than four weeks with their parent. The second generation mice were
healthy. Their weights, once weaned as normal mice, were between 18 g and 19 g.
The main symptom of knockout Gulo mice on a vitamin C deficient diet is weight loss.
This symptom is apparent in guinea pigs when also on a vitamin C deficient diet.
Vitamin C deficiency in the guinea pig may affect the digestion of food (17;25), which
may also affect their weight. In homozygous Gulo” mice, animals were fed without
vitamin C, and control animals were fed with vitamin C in water. Our results show
that vitamin C deficiency affects the weight of homozygous Gulo™ mice. The knockout
Gulo™ cll positive mice were observed for more than five months for weight loss while
on a vitamin C deficient diet. Some of these mice, after two months, lost more than
22% from their original weight. Post-mortem inspection showed some hemorrhaging in

the muscles and an emaciated carcass. The control mice matches with vitamin C water
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were healthy, and showed no sign of weight loss, and in fact gained weight. Another
group of mice on a vitamin C deficient diet had fluctuated in their weight. These mice
remained healthy, and did not show signs of scurvy. Their overall weight, however,
was less than the control mice on vitamin C. Our results show two general trends in
mice without vitamin C: mice losing weight after two months of treatment and mice a
fluctuation in weight. Our investigation was about the difference in weight of
knockout Gulo™ cll positive mice, but how these mice can survive for a long time and
no scurvy symptom shows? Also, why did one group had early signs of scurvy and lost
22 % of their weight in a short period? To answer to questions, the level of vitamin C
will be measured in their blood by using HPLC and the food and shelter will be
reanalyzed in the future. We then investigated the level of mutation in knockout Gulo™
cll positive mice in a vitamin deficient diet. After a period of weight observation,
group E and group F were Killed and different tissue samples were collected. After
DNA extraction, the DNA was packaged into phage and infected into an hfl™ strain
(E.coli G1250). Cells were grown at two different temperatures (24°C and 37°C).
Only mutant phage could grow at 24°C and make plaques at low temperature. On the
other hand, all infected bacteria could make plaques at 37°C. The mutant frequency
that resulted from vitamin C deficiency can be determined by the ratio of lambda cll
plaques to the total number of plagues screened. Mutant plagues can be sequenced, and
the type of mutation determined. The results show a high level (10) of mutation in
the vitamin C deficient group - more than those on vitamin C. Similarly, Big Blue
mice were used to detect spontaneous mutations during vitamin E deficiency (107 ) of
mutation frequency (31). However, our result was a higher level of mutation which
means that there is something stressful that may increase the mutation frequency. It
could be that the absence of vitamin C results in a greater number of DNA mutation.
To confirm this result we need to obtain data from all mice and all groups. In addition,
analysis of the mutation frequency for all the groups at that time can be compared to
make conclusions of the final result and to see any differences. Then we can analyze
and confirm the result by DNA sequencing and identify the types of mutation
(spontaneous or transition). In addition, we are going to detect the level of 8-oxo-7, 8-

dihydro-2-deoxtguanosine  (ox0®dG) that result from oxidative stress and cause
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spontaneous mutation (05;31). Moreover, the results show that vitamin C is important
as a nutrient, in both spontaneous mutation and body weight experiments. This study
demonstrated that body weight in mice decreased during a vitamin C deficient diet,
compared with a control group which received vitamin C. But the variation between
these groups was large, which means that there could be other variables. These mice
may have been in a stress condition or been infected which could affect body weight.
Also the level of mutations was high, making it surprising that mice can survive with
such a high level of mutations.

FUTURE WORK

a) PCR amplification and sequence analysis of lambda cll” mutants:
The cll” mutant will be amplified and sequenced by PCR by using cll primers. Primer
sequences are listed in table 1. As well, we can analyze the sequence of the PCR
product and compare to the wild type lambda cll gene and surrounding regions in Big
Blue shuttle vector.
b) Group A, C, G, and | will be tested by using lambda select-cll mutation
detection system and compared with results of group E.

c) Measurement of vitamin C concentration in blood by using HPLC.
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Pulmonary Function Reference Values
in Libyan- Sormanians Aged
40-53 Years.

Introduction

Pulmonary function values (FVC,FEV, and FEV,%) are known
to vary with age, sex, height and race. (1,2).The influence of ethnic
variation on pulmonary function has been the subject of many
studies.(3.4).In routine testing, lung function values are measured in
members of given communities and then compared with values
derived from a population with a different ethnic background.
However, failure to account for ethnic differences in lung function
values could lead to errors in diagnosis and classification of
impairment,(5,6). Therefore, normal reference lung function values
should be established for every ethnic and age group. These
reference values are used as standard to identify abnormal values
derived from population with the same ethnic background
Consequently the nature and the degree of functional abnormality
can be assessed.

Therefore, it is becoming mandatory to establish a normal range
of spirometric reference values for every specific population.

Up-till now, there have been no reference values of pulmonary
function for healthy Libyan adults aged between 40-53 years.
Studies carried out in Libya were limited to age group 6-21years.
(7,8). The Libyan study carried out in the city of Subrata was
limited to the age group 20-40 years (9). Pulmonary function studies
have been carried out in various populations in different parts of the
world to establish reference values and formulae from which normal
values can be predicted. (10,11,12). However these studies were
performed in populations with different ethnic background.
Consequently the reference values obtained from these studies are
not applicable to the Libyan population.
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To insure the validity of spirometric reference standard values it
Is important that the healthy subjects should be representative of the
population from which patients will be derived. Since the Libyan
studies limit only the age of 40 years, therefore, it is necessary to
have normal pulmonary function data for Libyan adults beyond the
age of 40 years to interpret accurately the pulmonary function
changes in adulthood pulmonary diseases.

Due to the lack of information about lung function of aged male and
female of Sorman people. We try to investigate the pulmonary
function in order to determine of pulmonary function reference
values (FVC and FEV,) for healthy Libyan — Sormanians aged
between 40-53 years.

Material and Methods.

The subjects included in this study were Libyan men and women
aged 40 -53 years randomly selected from various schools Kuran
schools and hospital employee, all located in Surman city (60 km
west of Tripoli) .

The study group consisted of 269 subjects (131 males and 138
females) all healthy non smokers and received no medication .
Immediately before undergoing the pulmonary function tests, a
guestionnaire was filled out during an interview concerning the their
past medical history.

Physical Parameters such as standing height were obtained with
a portable height and weighting scale (Seca Mod.220,max 150 kg).

The spirometric measurements (FVC, FEV,, and FEV,%) were
obtained with a vitalograph spirometer (Vitalograph limited-
Spirometer, Germany).

Respiratory measurements were performed in the morning (9:00 -
11:00 a.m).The procedures for the lung function test were explained
individually to each person and three maneuvers were performed
after adequate rest . Maneuvers were performed in the sitting
position (without a nose clip) using disposable mouthpieces. The
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person s lips were held tightly around the mouthpiece. The subject
inhaled deeply, then exhaled as forcefully and rapidly as possible
through the tubing while measurements were taken . The test was
repeated two more times with a five minute interval between the two
trials. These efforts were recorded and graphed on vitalogram
charts. All values were automatically expressed to conditions of
body temperature and pressure saturated with water vapor (BTPS
units).
Statistical analysis :
Regression analysis were applied to each of the lung spirometric
parameters, and for each sex separately. The linear regression was
applied to assess the dependency of the lung function parameters on
the variables age, height, and sex. The mean, and standard error
were calculated. A value less than 0.05 was regarded to indicate
statistical significance.

Results.

The total numbers of participants in this study was 269 (138
females and 131 males). Description of the study and the percentage
of the groups are presented in table (1).

Table (1). Sample description

Sample | Frequency | %

Males 131 48.70
Females 138 51.30
Demographic characteristics:

The age range of all subjects in the present study was 40-53 years.
The average age for males was 45.374 £ 0.346 years and for females
was 45.971 £ 0.335 years. The average length of all subjects was (
162 £ 0.51 ) cm . The average length of males was 168.4 + 0.49 cm
whereas , the average length of female was (155.8 £ 0.44 ) cm
respectively.
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The demographic parameters of males and females are presented in

table (2).
Table (2). The demographic parameters of males and females.
Males | Females
Variable n:ﬂlil n=138
B +
SE M £ SE
Age (in 45'374 45971
9 © 1£0335
years) | 0.346
Lenghtt | 168.4 | 155.8 +
(cm) | £049 | 044
M = Mean. N = number of subjects. SE = Standard
Error.

The males are taller than the age matched females.

Respiratory function variables:
The obtained lung function values (FVC, FEV,) for males and

females are presented in table (3).

Males | Females
Variable n;llil n=138
~ | MxSE
SE S
FVCin |3.90+| 291+
liter 0.04 0.03
FEV,in |3.24+| 2.39+
liter 0.04 0.03
82.98 | 82.44 +
0,
FEVI% | | 0.45| 0.46

Table (3). Mean values with SE of FVC, FEV,, and FEV,% in
males and females

U ool gyl ilds doo
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The lung function parameters (FVC, FEV,) were greater in males
than females, but FEV,% was similar in males and females.

Table (4). Presents, the mean values with SE of height , FVC , FEV,
and FEV, % in the population sample (269 subjects).

Lenght

FVC | FEV, | FEV%
n (cm)

Mean | SE | Mean SE Mean | SE | Mean | SE

162.0 | 0.51 | 3.39 0.04 2.81 | 0.03 | 82.70 | 0.32

269

Table (4). Mean . SE values of height , FVC , FEV, and FEV, % in
the  population sample.

Figure (1a), shows the linear relationship between age and FVC
and FEV, for males, with their respective prediction equations.
Statistically significant correlations (negative relationship) were
found between age and FVC and FEV, at P=0.02 with FVC and
P=0.01 with FEV,. Figure (1b), shows the linear relationship
between age and FVC and FEV, for females, with their respective
prediction equations. Statistically significant correlations (negative
relationship) were found between age and FVVC and FEV, at P=0.00
with FVC and FEV,. The linear relationship between age and FVC
or FEV, decline with age in both sexes. Regression equations of
relationship between age and FVC or FEV, in males are shown in
table (5 a). Regression equations of relationship between age and
FVC or FEV, in females are shown in table (5 b).

Figure (1a). Correlation of FVC, FEV, with age for males, with their
respective prediction equations. Y = b, + b; x
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FVC_M =5.3633-0.0327*Age
FEV1_M =4.5123-0.0284*Age

FVC or FEV1

e FVC_M

40 41 42 43 44 45 46 47 48 49 50 51 52 53

Age

= FEV1_M

Table (5a). Regression equations of relationship between age and
FVC or FEV, or FEV ;% in males .

SE
Dv | Idv Ct(;rtls Slope | of t P S(F;(;/o
Slope
FVC | Age | 5.36 0.(;33 0.012 | -2.67 | 0.020 | 37.2
FEV,| Age | 4.51 0.(;28 0.010 | -2.73 | 0.018 | 38.4
F'OE/;/‘ Age | 8430 | o | 0.134-0.20 | 0848 | 03

Id.v= Independent variable.

R-Sq% = coefficient of determination.

D.v= dependent variable

t= Students t-test.
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Figure (1b). Correlation of FVC, FEV, with age for females, with
their respective prediction equations. Y = by + by x

FVC_F = 4.0663-0.0252*Age
FEV1_F =3.6735-0.0279*Age

FVC or FEV1

e FVC_F

0 . FEV1 F
40 41 42 43 44 45 46 47 48 49 50 51 52 53 =

Age
Table (5b). Regression equations of relationship between age and
FVC or FEV, or FEV % in females .

Const SE of R-
D. Id. I P
v dv ant Slope Slope t Sq%
FVC | Age | 4.07 |-0.025| 0.007 | -3.47 | 0.005 | 50.1
FEV | Age | 3.67 |-0.028 | 0.006 | -4.83 | 0.000 | 66.0
FEV
% "1 Age | 90.00 | -0.166 | 0.082 | -2.02 | 0.066 | 25.4

Id.v= Independent variable.

R-Sq% = coefficient of determination.

D.v= dependent variable

t=

Students t-test.
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Figure (2a), shows the linear relationship between height and
FVC or FEV, for males, with their respective prediction equations.
Statistically significant correlations (positive relationship) were
found between height and FVC and FEV, at P=0.000 with FVC and
FEV,. Regression equations of relationship between height and FVC
or FEV, or FEV % for males are shown in table (6a). Figure 2b),
shows the linear relationship between height and FVC and FEV, for
females, with their respective prediction equations. Statistically
significant correlations (positive relationship) were found between
height and FVC and FEV, at P=0.000 with FVC and FEV,.
Regression equations of relationship between age and FVC or FEV,
in males are shown in table (6b).

Figure (2 a). Correlation of FVC, FEV, with height for males, with
their respective prediction equations. Y = b, + b; x

FVC_M = -4.9374+0.0524*Height(Cm)_M
FEV1_M = -4.1787+0.0438*Height(Cm)_M

FVC or FEV,

20

15}

1.0¢

0.5

0.0 e FVC_M
155 158 161 164 167 170 173 176 179 182 \-\ FEV1 M

Height(Cm)_M

Table (6a). Regression equations of relationship between height and
FVC or FEV, or FEV ;% in males.
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Const SE of R-
D.v Id. V ant Slope Slope t P Sq%
Lengt
FVvC h -4.94 | 0.052 | 0.005 | 10.10 | 0.000 | 82.8
(Cm)
Lengt
FEV, h -4.18 | 0.044 | 0.004 | 10.09 | 0.000 | 82.8
(Cm)
Lengt
FOEVI h 76.98 | 0.033 | 0.074 | 045 | 0.659 | 1.0
Yo
(Cm)

D.v= dependent variable
variable.
t= Students t-test. R-Sq% = coefficient of determination.
Figure (2b).Correlation of FVC, FEV, with height for females, with
their respective prediction equations. Y = b, + b;

Id.v= Independent

FVC_F = -3.595+0.0417*Height(Cm)_F
FEV1_F = -2.1309+0.029*Height(Cm)_F

4.0

=
11|
LL
5]
o
@
15
1.0
0.5
0.0 e FVC F
143 145 147 149 151 153 155 157 159 161 163 165 167 ~g” (pu7 p
X Height(Cm)_F
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Table (6b). Regression equations of relationship between height and
FVC or FEV, or FEV ;% in females.

Const SE of R-

Dv | Id.V ant Slope Slope t P Sq%
Lengt

FvC h -3.59 | 0.042 | 0.004 | 9.68 | 0.000 | 80.1
(Cm)
Lengt

FEV, h -2.13 | 0.029 | 0.005 | 5.85 | 0.000 | 59.1
(Cm)
Lengt

FEVi h 1025'1 -0.147 | 0.078 | -1.88 | 0.073 | 10.0
* | (cm)

D.v= dependent variable. Id.v= Independent variable.

t= Students t-test. R-Sq% = coefficient of determination.
The prediction equations for Libyan Sormanians males and females
aged 40-53 years are shown in table (7).
Table (7). Prediction equations for the spirometric parameters FVC
,FEV, of male and female subjects .

Variables Regression equations

men (n=131)

FVC -0.342 + [0.032x Length] + (-

FEV, 0.025) x age
Women (n =138) 0.201 + [0.025 x Length ] + (-

0.027) x age
FVC
FEV, -0.269 + [0.027 X Length ] +

(-0.023) x age

1.134 + [0.016 x Length ] + (-
0.027) x age

U ool gyl ilds doo

77 2015 jouugs



JouT o \jgil A | - Uloyo daao Ul duaidl! duongnll pudll

Discussion

The objective of this study was to construct the spirometric
reference equations for Libyan-Sormanians (residents of Sorman
city) aged between 40-53 years. Appropriate spirometric reference
values are vital for the assessment of lung function. The practice of
functional testing dictates the qualification of the degree of
functional impairment depending on the level of FEV, estimated as
a percent of the reference value. Improper predicted values can
delay the recognition of a developing illness or lead to inadequate
rating of the observed impairment. Therefore this study was carried
out to investigate the spirometric reference values in healthy
Libyan-Sormanians aged between 40-53 years. This investigation
determined the reference values (normal standard values) of forced
vital capacity (FVC) and forced expiratory volume in one second
(FEV,). This investigation also determined the relationship between
lung function parameters (FVC, FEV,) and anthropometric factors
(age and height) in both sexes. In pulmonary function studies,
Length and age are considered to be good predicators of pulmonary
function. besides height and age lung function profile is also
affected by gender (sex). In other words, there are some differences
between males and females concerning lung function parameters
(spirometric values). The findings of this study revealed that the
lung function parameters FVC and FEV, were greater in males than
females. This is in agreement with the findings of several other
studies. (13,14,15). The fact that FVC and FEV, are greater in males
than females is explained by several means. First, the lateral and
longitudinal dimensions of the thorax are greater in males than
females. Second, males have larger lungs. Third, the strength of
respiratory muscles is greater in males than females. All these
variables combined lead us to expect that males normally would
elicit a greater response than females. In other words, the lung
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function parameters (FVC and FEV,) are expected to be, and they
are larger in males than females. (16,17).

This study demonstrated a significant correlation (negative
relationship) between age increment and FVC and FEV, in both
males and females. The decline in FVC and FEV, in elderly subjects
Is in agreement with the study of Gloshan et al. (18) who reported
that FVC and FEV, decreased gradually with age increment, but the
precise rate of decline depended on the interrelationship between
age and Length. The fact that spirometric indices (FVC and FEV,)
decline after the age of 20-25 is verified by several other
studies.(19,20,21,22). It is well known that a reduction in the
strength of respiratory muscles, and an increase in stiffness of the
thoracic cage are products of aging. In other words, aging causes a
progressive loss of alveolar elastic recoil, calcification of costal
cartilage, a reduction in the space between the spinal vertebrae, and
a greater degree of spinal curvature. All these changes combined
lead to a decrease in chest wall compliance resulting in a
progressive and gradual fall in the spirometric values (FVC and
FEV,). Since the performance of a satisfactory lung function test
depends upon a proper functioning chest cage and normal elasticity
of the lungs, one would anticipate a decline in the lung function
parameters (FVC and FEV,) with age increment and this is
consistent with the results reported by this study.

As stated earlier height is considered to be a good predictor of
pulmonary function. This investigation showed statistically
significant correlations (positive relationship) between Length and
FVC and FEV, in both males and females. The association between
lung function parameters (FVC and FEV,) and Length found in this
study is consistent with the results reported by other studies carried
out in different parts of the world. All these previous studies
reported an increase in FVC and FEV, with Length in both sexes
(23,24). The positive correlation between height and increment in
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FVC and FEV, is explained by the reasoning that taller people have
larger lung volumes (25).

It is crucial to remember the importance of using reference
(prediction) equations appropriate to the ethnicity, age, and Length
characteristics of the population to whom inferences are to be
applied.

Conclusion

It is concluded that the standard reference equations for pulmonary
function tests for the Libyan population of Sorman. In other words,
the results obtained from the study should be applicable to the
Libyan population of sorman (males and females) and provided that
they are of similar age and length.

The study so far provides the standard predicted values, against
which measured values obtained from patients of similar gender,
age and lenght should be compared. Therefore, the reference
equations derived in the study may be helpful clinically to diagnose
of some respiratory disorders. It is concluded that the final results
can be also applicable on Libyan population for long termes.
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