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ABSTRACT

Calcium phosphate materials are similar to bone in composition and
having bioactive and osteoconductive properties. They have different
forms, as cements, composites and coatings, which are used in many
dental applications. This article reviews the latest update of their
applications in dentistry the studies of improving the mechanical
properties of these materials. Notable research is highlighted,
regarding application of calcium phosphate into various fields in
dentistry and improvement of their mechanical properties. This article
deals with most common types of these materials including, calcium
phosphate, hydroxyapatite and tricalcium phosphate.

Keywords: Calcium phosphate materials, Dentistry, Hydroxyapatite,
Tricalcium phosphate

INTRODUCTION

Calcium phosphate materials are bioactive materials that show a positive
interaction with living tissue that includes also differentiation of immature
cells towards bone cells. In contrast to bioinert materials, there is chemical
bonding to the bone along the interface, thought to be triggered by the
adsorption of bone growth-mediating proteins at the biomaterials surface.
Hence there will be a biochemically-mediated strong bonding osteogenesis.
In addition to compressive forces, to some degree tensile and shear forces can
also be transmitted through the interface (“bony ingrowth”). The stable
phases of calcium phosphates depend considerably upon temperature and the
presence of water, either during processing or in the use environment [1].

Calcium phosphate materials have received a lot of research attention in
recent years due to their chemical similarity to calcified tissue (bones, teeth).
They are attractive biomedical materials owing to their excellent
biocompatibility. The first calcium phosphate materials were used in the
1920s. They were used as bone substitute or bone graft to promote new bone
formation [2].
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In 1971, Monroe and his colleagues reported a method for the preparation of a calcium
phosphate, principally mineral calcium-fluor-apatite, and suggested the possible use of this
apatite ceramic as dental and medical implant materials [3]. The first dental application was
reported by Nery et al. [4] more than many years later using a synthetic porous material
obtained by sintering a “tricalcium phosphate reagent” that was originally described by the
authors as “tricalcium phosphate” but later demonstrated to consist of a mixture of
hydroxyapatite and tricalcium phosphate [5].

Applications of calcium phosphate include repair of periodontal defects, augmentation
of alveolar bone, sinus lifts, tooth replacement and repair of large bone defects caused by
tumors [5-13]. They are used in tissue engineering for bone or dentine regeneration [13-17].
Calcium phosphates are also used in the form of injectable cements [18-19] or as coatings
on titanium and titanium alloy implants to combine the bioactivity of the calcium
phosphates and the strength of the metal [20-21].

The purpose of the present paper is to review the use of calcium phosphate materials in
dentistry. Emphasis will be given to the hydroxyapatite and tricalcium phosphate. This
review summarizes brief history, dental applications, and methods for improving their
properties.

Hydroxyapatite

Hydroxyapatite is the most documented calcium phosphate ceramic, and can be used in
bulk form or as a coating. This material can be classified according to its porosity, phase,
and processing method. It is widely preferred as the biomaterial of choice in both dentistry
and orthopaedics due to its favorable osteoconductive and bioactive properties [22.
Synthetic hydroxyapatite is similar in composition to the mineral component of bone and
teeth. Table 1 shows the structural similarities between hydroxyapatite, enamel, dentine and
bone [23]. This similarity makes it the most clinically used as biomaterial for medical and
dental applications [24].

Table 1. Chemical and structural comparison of teeth, bone and hydroxyapatite (HA

Composition, wt% Enamel Dentine Bone HA
Calcium 36.5 35.1 34.8 39.6
Phosphorous 17.1 16.9 15.2 18.5
Ca/P ratio 1.63 1.61 1.71 1.67
Total inorganic (%) 97 70 65 100
Total organic (%) 15 20 25 --
Water (%) 1.5 10 10 --

Although hydroxyapatite has favorable bioactive and osteoconductive properties that
result in rapid bone formation in a host body and strong biological fixation to bony tissues
[25], it possesses low mechanical strength and fracture toughness, which is an obstacle to
its applications in load-bearing areas [26]. Typical properties of dense hydroxyapatite are
given in Table 2 [27]. Thus, the enhancement of the mechanical properties of
hydroxyapatite would extend its scope of applications. Hydroxyapatite is either used as a
bioactive coating on implants or reinforced with tough phases such as metal or ceramic
phases, in order to achieve the mechanical characteristics needed for biomedical
applications.
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Table 2. Typical properties of dense hydroxyapatite

Properties Amount
Theoretical density 3.156 g/cm®
Hardness 500-800 Vickers, 2000-3500 Knoop
Tensile strength 40-100 MPa
Bend strength 20-80 MPa
Compressive strength 100-900 MPa
Fracture toughness 1 MPam”
Young’s modulus 70-120 GPa

Hydroxyapatite has been used successfully in clinical and animal studies for endodontic
treatment including pulp capping, repair of mechanical bifurcation perforation, apical
barrier formation and repair of periapical defects [28-31]. Jean et al. [28] suggested that the
degree of mineralization of reparative dentine formation obtained with tricalcium
phosphate-hydroxyapatite was quicker and thicker when compared with that produced by
calcium hydroxide. Additionally, hydroxyapatite has been used as filler for reinforcing
dental resins [32,33], coating in both orthopaedic and dental implant [34,35], restoration of
edentulous atrophic ridges [36], perio-infrabony pockets [37], periodontal defects [38],
under and around failing sub-periosteal metal implants [39], ridge augmentation prior to
implantology for metal prosthetics [40].

IMPROVING THE PROPERTIES OF HYDROXYAPATITE

Hydroxyapatite composites

Combinations of hydroxyapatite with synthetic polymers or metallic agents are called
hydroxyapatite composites. They have been developed and studied in purpose to improve
the mechanical properties of porous hydroxyapatite. Many reinforcements including
particles, platelets, whiskers, long fibers, partially stabilized zirconia, metal dispersoids,
and polymers have been used in hydroxyapatite to improve their reliability [41-44].

Deng et al. [45] added nanocrystalline hydroxyapatite to a polylactide solution to form
solvent-cast composite matrices and found a steady increase in tensile modulus as
hydroxyapatite loading increased from a low of 1.66 GPa for polymer without
hydroxyapatite up to 2.47 GPa for 10.5% hydroxyapatite content. Wang et al. [46]
combined polyamide, a bioinert polymer, with both microcrystalline and nanocrystalline
hydroxyapatite and compared resulting bending strength and tensile strength. As the
ceramic content of each composite increased, so did the bending strength.

For both bending and tensile strength, the addition of nanocrystalline hydroxyapatite
increased the properties over those with microcrystalline hydroxyapatite. It was theorized
that the smaller crystals of the nanocrystalline hydroxyapatite resulted in higher surface
areas and thus greater surface energy, surface activity, and thus bonding between the
polymer and the hydroxyapatite.

Abu Bakar et al. [47] examined the effect of varying amounts of hydroxyapatite added
to polyetheretherketone as an injection-molded composite by varying hydroxyapatite
content between 0-40% by volume. Results indicate that Young’s modulus increased from
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approximately 3-15 GPa as hydroxyapatite content increased from 0-40% but tensile
strength decreased from 80-44 MPa along the same increase in hydroxyapatite content.

Balac et al. [48] attempted to understand the effect of hydroxyapatite particle shape and
volume fraction in a polylactide/collagen/hydroxyapatite composite scaffold using finite
element analysis and found fewer stress concentrations throughout the matrix with an
increased hydroxyapatite volume fraction but a reduced dependence on this as the
hydroxyapatite particles were modeled as spherical, suggesting yet another design
consideration for the composite scaffold. Hydroxyapatite matrix composites containing 20-
30% Fe-Cr alloy long metal fibers showed the highest values of fracture toughness and
fracture strength for hydroxyapatite based materials as reported by Suchanek and
Yoshimura [49].

Ramires et al. [50] tested titanium oxide and hydroxyapatite composites, formed by sol-
gel method, for biocompatibility and cell response. Their results showed that the
combination was biocompatible and excellent at promoting cell activity. VVolceanov et al.
[51] investigated the influence of zirconia addition to a hydroxyapatite matrix on
mechanical strengths and the interaction mechanism between zirconia and its polymorphs
with calcium phosphates after sintering at 1250°C. Their results highlighted that there were
improved mechanical properties for hydroxyapatite matrix composites cured in air at
1250°C. Some authors added small amounts of P-glass into hydroxyapatite ceramic to
improve sinterability and mechanical properties of the dense body, as well as biological
properties [52-54].

Ferraz et al. [52] fabricated glass-hydroxyapatite composite coatings, using a plasma
spraying technique, and experimented it in vitro with osteosarcoma cells. Their findings
showed favorable cellular responses. Others claimed that the inclusion of phosphate based
glasses produced significant improvement in mechanical properties [55, 56].

Hydroxyapatite coatings

Bioactive calcium phosphate ceramics as coatings on bioinert metallic substrate have
received worldwide attention in both orthopaedic and dental implant due to their
biocompatibility and their ability to bond directly to bone [34, 35, 57]. However, there are
several factors that may influence the performance of any hydroxyapatite coating such as:
coating thickness, chemical composition, crystallinity, phase purity, cohesive and adhesive
strengths, and resorption resistance. Adhesion strength of the coating to the implant surface
appears to be a property that needs to be maximized to avoid cracking, shearing off, and
chipping of the hydroxyapatite coating during emplacement of the implant. The ideal
hydroxyapatite coating would be one with low porosity, strong cohesive strength, good
adhesion to the substrate, a high degree of crystallinity and high chemical purity and phase
stability [58].

In 1960s, the concept of biological fixation of load-bearing implants using bioactive
hydroxyapatite and calcium phosphate coatings was proposed as an alternative to cemented
fixation. Since Furlong and Osborn first began clinical trials using the hydroxyapatite-
coated implants in 1985 [59], it has been reported that hydroxyapatite coatings can
successfully enhance clinical success, and a less than 2% failure rate was reported during a
mean follow-up study of 10 years [60,61]. Hydroxyapatite is stable in a body fluid, whereas
tricalcium phosphate is rather soluble in the fluid [62]. Many studies have indicated that
the dissolution of well-crystallized hydroxyapatite in the human body after implantation is
too low to achieve optimum results. On the other hand, the dissolution rate of tricalcium
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phosphate ceramics is too fast for bone bonding. To achieve an optimum dissolution rate of
bone graft materials, research has focused mainly on biphasic calcium phosphate ceramics
composed of hydroxyapatite and tricalcium phosphate [63, 64]. It is generally known that
tricalcium phosphate is more soluble than hydroxyapatite at physiologic pH and more
susceptible to bioresorption [65]. Partial dissolution of the calcium phosphate macrocrystals
followed by an increase in the calcium and phosphate ion concentrations in the local
environment is thought to be important for the excellent osteoconductivity and tight
chemical bonding of the bioactive ceramics with bone [66]. Although greater, unpredictable
solubility of the tricalcium phosphate coating may cause earlier failure of a
hydroxyapatite/tricalcium phosphate-coated implant at the bone-implant interface [67],
gradual resorption of this coating and replacement with new bone might be desirable to
prevent the late complications of calcium phosphate coatings [68].

Since the clinical success of orthopaedic and dental implants depend on the
osseointegration at the bone-implant interface; surfaces of bone-contacting
devices would be desirable to be compositional, structural and functional
analogous to that of human bone. Surface composition containing calcium and
phosphate; display good cytocompatibility and enhanced bone contact and
greater new bone apposition, particularly calcium. Okamoto et al. [69] reported
that a significantly higher number of cells adhered to hydroxyapatite than to
uncoated titanium. Wong et al. [70] compared the osseointegration of
commercial implants in the trabecular bone of mature miniature pigs for 12
weeks. Their results showed excellent osseointegration of the hydroxyapatite
coated implant. Likewise, Cao et al. [71] showed successful osseointegration of
hydroxyapatite coatings with surrounding bone tissue when a hydroxyapatite
coated implant was placed within living bone. Also, the success or failure of
hydroxyapatite coated orthopaedic implants; depends on the control and
consequences of cell behaviour post implantation [72]. Thus, the first and
essential step for bone tissue-implant interface studies is in vivo tests using
osteoblast cells due to the important role in which they play in the
osteointegration of the implant. They have the ability to synthesise and produce
extracellular matrix and to control its mineralization and thus regulate the
“ingrowth” of bone to the implant. Rouahi et al. [73] examined the growth of
Saos-2 cells on discs of microporous and non-porous hydroxyapatite in
comparison to titanium. The surface morphology was found to have an effect
on the behaviour of the cells. Richard et al. [72] cultured cells on calcium-
deficient hydroxyapatite thin films produced using electrodeposition. Areas of
the coating with two different morphologies and compositions were examined
and the results were compared to those for cells cultured on cell culture plastic.
In this study cell morphology, cell viability, cell proliferation and gene
expression were examined over 28 days. The differentiation of osteoblast cells
was found to be enhanced on the calcium phosphate coating compared to the
titanium plate. Yang et al. [74] reported that cell proliferation and type |
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collagen synthesis were higher on porous surfaces than on dense ones. This is
related to greater protein absorption and to the increased surface area available
for cell attachment. Wang et al. [75] carried out a study to determine the effect
of the phase composition of calcium phosphate ceramics on osteoblast
behaviour. The compositions studied were pure hydroxyapatite, a 70/30
mixture of hydroxyapatite and tricalcium phosphate and a 35/65 mixture of
hydroxyapatite and tricalcium phosphate and pure tricalcium phosphate. In their
study, the phase composition of the ceramics did not have a significant affect
on the expression of the osteonectin and production of bone sialoprotein and
osteocalcin in SaOS-2 cells.

Histologically comparing osseous apposition to hydroxyapatite coated
implants and titanium implants has demonstrated mineralization of bone
directly on hydroxyapatite surfaces with no fibrous tissue layer formation.
However, a predominately fibrous tissue interface was observed on titanium
implants, with only minimal areas of direct bone contact [76]. In addition, in an
animal study hydroxyapatite-coated implants showed an increased coronal bone
growth that was not observed with titanium implants [77]. Maintaining a bony
osseous crest is essential clinically because it may prevent peri-implant
saucerization and subsequent pocket formation [78, 79]. Other histometric
studies in animal models have also exemplified that bone adapts in much less
time to hydroxyapatite-coated implants than to titanium implants [80, 81].

Another area of recent advance is the use of drug releasing layers on
hydroxyapatite coatings. These layers are designed to supply drugs, for
example antibiotics and antiresorptive drugs, locally to the bone surrounding
the implant. Drug releasing layers have been produced from numerous different
polymeric and ceramic materials. The benefits of these drug release coating
layers have been shown by a number of researchers [82, 83]. Ogiso et al. [82]
used the antiresorptive drug zoledronate grafted to a hydroxyapatite coated
implant. In vivo studies in rats showed an increase in mechanical fixation of the
implants. Martins et al. [83] found that their collagen-hydroxyapatite composite
paste had potential for use in sustained antibiotic release.

Biomimetic process ( definition ?)

Some authors reported deposition of long and thin needle-shaped crystals of enamel-like
calcium phosphate onto a bioactive glass in a supersaturated calcifying solution containing
recombinant porcine amelogenins [84, 85]. It has been realized that nucleation and growth
of calcium phosphate crystals in vivo are modulated by specific proteins in mineralizing
tissues, intrinsically by functional groups in proteins. Other authors reported that some
functional groups have the ability to induce bone-like apatite nucleation through a
biomimetic way [85, 86]. A self-assembled monolayer (SAM) technique is an effective way
to fabricate charged surface terminated with polar head groups [87]. The deposition of
bone-like apatite could improve the biological properties for potential restorative
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application. Thus, biomimetic strategies developed to design new materials, which are
expected to improve biological and mechanical performance for biomaterials [88, 89].

Many researchers used bovine and human serum in vitro to analyze protein adsorption
on biomaterials [90, 91]. The reactions occurring at the surface of biomaterials in contact
with protein containing solutions have also been studied with Dulbecco’s Modified Eagle’s
minimum essential medium supplemented with 10% Nu-Serum [92], which contains
growth factors, hormones and vitamins. A step further to simulate in vitro the real condition
of biomaterials immersed into body fluids is the immersion in cell-containing solutions.
Osteoblast cells have often been used to understand the influence of the presence of
biomaterials on cells, different tests can be done. Usually cell morphology, adhesion and
proliferation are examined. Then, cell activity can be tested by the amount of some specific
enzymes produced. For example, osteoblasts which are synthesizing bone matrix produce
alkaline phosphatase. Another important protein that can be evaluated is osteocalcin. This is
a non-collagenous extracellular matrix protein, and its presence is indicative of the
beginning of bone mineralization.

Calcium phosphate cement systems

Calcium phosphate cement was discovered by Brown and Chow in the 1980’s. This type of
cement can be prepared by mixing a calcium phosphate salt with water or with an aqueous
solution to form a paste that reacts at room or body temperature, giving rise to a precipitate
containing one or more calcium phosphates, which sets by the intercrossing of the crystals
of this precipitate.

This cement consists of two components, one basic and one acid, which react when
mixed with water, producing one or more products with an intermediary acidity [93, 94].

In 1982, LeGeros et al. [95] presented preliminary studies on the possibility of
developing apatitic calcium phosphate cements, with the rationale that such cements would
have the unique combination of the following properties: (i) compatibility with the tooth
mineral; (ii) adjustability of composition (with or without F~, Mg2+, Sr2+, etc.); and (iii)
esthetics.

Calcium phosphate cements have been evaluated as one of the potential materials for
bone tissue engineering. An advantage of calcium phosphate cement is that they can be
directly injected into the bone defect and allowed to set in situ. Calcium phosphate cements
also are biocompatible and resorbable; they can be synthesized with a macroporous
structure having micropores that are very crucial for cellular growth and infiltration [96,
97].

In 1987, Brown and Chow developed a novel class of low temperature setting calcium
phosphate cements from precursors such as dicalcium phosphate dihydrate, dicalcium
phosphate anhydrous, and tetra calcium phosphate [98]. These low temperature apatites, are
receiving a great deal of attention due to their ability to set at physiological temperature to
form hydroxyapatite that resembles biological apatites without the addition of any additives
[99, 100]. This is highly advantageous because acrylic cements currently used for
orthopaedic applications require high temperature for setting and use of toxic reagents [99].
Another advantage of calcium phosphate cement is that during the setting reaction only a
small amount of heat is released as compared to polymethylmethacrylate cements and
also the volume of calcium phosphate cement remains constant during the setting reaction
[99].
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Upon mixing with water or aqueous solution, the calcium phosphate cement dissolves
and precipitates into a less soluble calcium phosphate. During precipitation, the calcium
phosphate crystals increase in size and gets inter-locked thus providing structural rigidity to
the cement. Hydroxyapatite thus formed in aqueous solution is poorly crystalline [99].
When used for in vivo applications, a thick paste of calcium phosphate cement can be
formed in the presence of water or aqueous solutions which can be injected or sculpted
during surgery into the defect site and self hardens to form hydroxyapatite in situ [100-
102]. Hence these biomaterials do not require shaping and can be prepared at operating
room conditions. They provide excellent contact between the bone and the graft. Since most
of the current orthopaedic implants are available in hardened form, the moldability and in
situ hardening of calcium phosphate cement along with its osteocompatibility make it a
desirable alternative for current orthopaedic implants. Moreover, since the calcium
phosphate cements are fabricated at room or at body temperatures, also they can be used as
drug delivery vehicle for antibiotics, anti tumor drugs, anti inflammatory drugs, and growth
factors [103, 104].

However currently available calcium phosphate cement systems are far from ideal
properties due to the discrepancies in the setting time, mechanical properties, and in vivo
response of the cements [105]. Also, they are used under development for furcation sealing
[106], root surface desensitization and root apex sealing or root canal filling [107,108]. The
abilities of self-setting, fair compressive strength and biocompatibility suggest that calcium
phosphate appears superior to pure calcium hydroxide, thus this material may have
potential for dentine regenerating pulp capping or lining materials [109, 110]. Calcium
phosphate cement systems also have been used as bone fillers and to deliver bioactive
agents due to its osteoconductivity, osteotransductivity, and suitable mechanical properties
[107-114].

Tricalcium phosphate

Tricalcium phosphate exists in many polymorphs (o, B, y and super-a) [115]. The only two
polymorphs phases (o and ) are used as biomaterials. These phases have received much
attention [116]. However, despite the extensive research since the early 1970s, there is still
lack of clarity concerning this material. The use of resorbable tricalcium phosphate
materials is preferred since they will be in the long term replaced by bone.

Clarke et al. [117] reported a method of preparing tricalcium phosphate ceramic and
suggested its use as a bone graft material. Levin et al. [118] reported that the first dental
application of a tricalcium phosphate ceramic in periodontal defects in dogs. Koenigs et al.
[119] used resorbable form of tricalcilum phosphate ceramic to induce apical closure.
Formation of mineralized tissue occurred within the root canal, but was incomplete.
Roberts and Brilliant [120] used tricalcilum phosphate ceramic to induce apical closure in
human permanent pulpless teeth with large open apices, but found it to be no more affective
than calcium hydroxide. Brown and Chow [121] tested a tricalcilum phosphate and brushite
combination. X-Ray diffraction revealed a conversion to HA in a few minutes with
compressive strengths of up to 500 psi. Coviello and Brilliant [122] tested the apical barrier
of 101 teeth. They found that no difference in healing between cases treated with tricalcium
phosphate or calcium hydroxide. Gruninger et al. [123] tested a combination of tricalcilum
phosphate, hydroxyapatite and sodium fluoride as a bone implant material. They
determined the material to be neither toxic nor mutagenic, and not resorbable. They
encouraged the evaluation of these materials as root canal filler. Functionally graded
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coatings consisting of fluorine-substituted apatite (FA) and beta-tricalcium phosphate (-
TCP) were also produced by Wong et al. [124]. The coating produced had four layers, the
outermost layer containing FA + 50 wt% TCP, the next FA + 40 wt% TCP, + 30 wt% TCP
and finally the innermost FA + 20 wt% TCP. The HA component of the coating is expected
to enhance early-stage bone ingrowth and bone bonding, whereas the remaining porous FA
component aims achieve long-term fixation of an implant. Tricalcium phosphate materials
mostly behave as osteoconductive materials, which permits bone growth on their surface or
into pores, channels or pipes [125]. Trialcium phosphate is biocompatible material and
useful for inducing hard tissue formation [126,127]. It has been used as capping agent
[126], cleft palate [128], apical barrier [122], apexification [129], vertical bone defect
[130], and implants coating [65]. Tricalcium phosphate is a resorbable phase calcium
phosphate and exhibits some good properties. It has also been shown to support bone
growth [1131]. However, it is difficult to sinter, shows poor mechanical strength and low
resistance to crack-growth propagation. Further, the rate of resorption of tricalcium
phosphate is fast and uncontrolled [132]. Unpredictable solubility of the tricalcium
phosphate coating may cause earlier failure of coated implant.

CONCLUSION
The applications of calcium phosphate materials in dentistry still limited and need further
investigations to improve their properties and extend their clinical use.
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ABSTRACT

Few studies have been conducted on risk factors and seasonality for
cryptosporidiosis from developing countries. The current study was
conducted to determine prevalence, risk factors and seasonality for
cryptosporidiosis among children in Sana'a city, Yemen. Using cross-
sectional approach, a sample of 1253 diarrheic children aged 6-<12
years with mean 8.6+1.7 year were surveyed over a period of one
year. Single fecal specimens were collected and modified Kinyoun’s
acid-fast staining of formalin- ether concentrate feces were examined
for detection of Cryptosporidium. The rate of infection was 13.8%
(173 of 1253), and mild oocysts-excretors of them represented the
highest percentage(43.4%). Results indicated that, use of public
and/ or well water for drinking, contact with animals, and mother’s
illiteracy were the risk factors that significantly associated with
infection(P<0.05) in diarrheic children. A higher incidence of
infection was recorded during the rainy summer season through July
to September. In addition, 13 specimens were collected from children
undergoing chemotherapy for cancer; Cryptosporidium was detected
in feces of 5(38.5%) and 6 (46.2%) children by Kinyoun’s and
immunochromatographic (ICT) techniques respectively.

Keywords: cryptosporidiosis, Yemeni children, risk factors,
seasonality

INTRODUCTION

Cryptosporidium is a coccidian oocysts-forming protozoan which completes
its life cycle both in human and animal. It is transmitted through zoonotic
and anthroponotic transmission or via contaminated water or food, causing
cryptosporidiosis[1]. This coccidian found in the brush border of the
enterocytes of the small intestine in many vertebrate hosts, including humans.
It has been found in association with diarrhoeal diseases especially among
children in most parts of the world [2]. Approximately 12 species of the
genus Cryptosporidium are now recognized; two species, C. parvum and C.
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hominis are the major causing agents of human cryptosporidiosis [3]. The disease is
recognized as a cause of self limited diarrhea in immunocompetent individuals or it is
severe and even fatal in immunocompromised patients as those with HIV infection and
patients receiving chemotherapy for cancer [4]. Contamination of drinking water by
Cryptosporidium oocysts can result in major waterborne outbreaks of cryptosporidiosis [5].
It is now increasingly considered an important food-borne pathogen causing a disease of
socioeconomic significance worldwide [6]. The potential for environmental contamination
with this coccidian depends upon a variety of factors including the geographic distribution
of the parasite, its seasonality, climate, number of infected hosts, human and/or animal
activity, number of infective oocysts excreted, socioeconomic and ethnic differences in
behavior, sanitation, safety of drinking water sources and supplies [7,8].

Cryptosporidium is under-diagnosed in most Yemeni hospital laboratories and few
studies have estimated the problem of cryptosporidiosis, besides the lacking reports of its
seasonality. Characterization of the epidemiology of cryptosporidiosis may identify
geographic and sociodemographic risk factors that may contribute to the disease. The
present study was designed to estimate some personal, familial, environmental risk factors
and seasonality associated with cryptosporidiosis among diarrheic Yemeni children over a
period of one year. Additionally, it was an attempt to assess the proportion of infection
among diarrheic children undergoing chemotherapy for cancer in national oncology centre
in Sana’a city.

SUBJECTS AND METHODS

This study was conducted during the period from February 2009 through to January 2010 in
Sana’a city. Using Cross-sectional approach; 1253 fecal specimens were collected
randomly from children with diarrhea, 724(57.8%) males and 529(42.2%) females,
attending three Governmental hospitals; Al-Gomhoree, Al-Thawra, and Al-Sabeen.
Children were aged six to less than twelve years. Information about each child were
collected by means of questionnaire, filled with assistance of his parent when necessary.
Data requested included some socio-demographic and environmental data as, name, age,
gender, parent’s education, crowding index( number of residents/room), animal contact,
and drinking water source. Fresh single fecal specimen was collected from each child in a
labeled plastic covered cup, about one ml of each specimen was placed in a labeled-tight
bottle containing 3ml of 10% formalin and kept until being processed. To diagnose
Cryptosporidium oocysts in fecal specimens, each specimen was subjected to formol-ether
concentration technique. A thin smear was prepared from the sediment and examined using
modified Kinyoun’s acid fast staining technique [9]. The intensity of infection was
estimated for positive samples by counting the number of oocysts in 100 different high
power fields (hpf).Then the number of oocysts was divided by 100. Number of oocysts less
than 3 /hpf was considered a mild infection, 3 to 8/hpf moderate, and more than 8 heavy
[10]. In addition, 13 fecal samples were collected randomly(during January 2009) from
diarrheic children aged 6-<12 years, undergoing chemotherapy for cancer in national
oncology centre in Sana‘a city. Each sample was subjected to formol-ether concentration
technique and examined using both modified Kinyoun’s method [9], and
Immunochromatographic assay for the identification of Cryptosporidium oocysts [11].
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Modified Kinyoun’s acid-fast staining technique (Kinyoun’s cold method)
After concentration of fecal specimen in formol-ether technique, a thin smear was prepared
from one drop of each fecal sample sediment and it was fixed in absolute methanol for 1
minute. Smear was stained with cold Kinyoun’s carbol fuchsin for 5 minutes, the stain was
rinsed off in 50% ethanol for about 3 seconds and then the stain rinsed off in clean tap
water. Smear was decolorized using 1% sulfuric acid until no more color flooded from the
smear. Decolorizer was rinsed off in tap water. Smear was counter stained with 0.3%
malachite green for about 1 minute. Counter stain was rinsed off in tap water and blot to
dry. Smear was examined microscopically using high dry objective to identify the oocysts
and oil immersion objective to see the internal morphology. In positive sample,
Cryptosporidium oocysts appeared as acid fast densely stained pink to red spherical
structures measuring 4-6pm in diameter against a green background [9].
Immunochromatographic assay (ICT, Xpect'™)
Qualitative chromatographic immunoassay was performed in vitro using Xpect™
REMEL,"™: USA kit(contains 20 test devices) according to the manufacturer’s instructions.
Briefly, fecal specimen was added to conjugate containing colored microparticles linked to
murine monoclonal antibodies specific for Cryptosporidium antigen. The specimen was
considered positive if a complete red line of any intensity appeared at the Cryptosporidium
test position [11].

Statistical analysis ( MstatC ): Chi-square (X?) test was used for testing the association
between categorical variables. A value of P<0.05 was considered significant. Arithmetic
mean and standard deviation were used as descriptive measures.

RESULTS

From table (1); out of 1253 fecal specimens, 173 (13.8%) were positive for
Cryptosporidium oocysts. The higher percentage of infection was among children aged 9
to<12 years (15.4%) compared to 12.0% among those aged 6 to < 9 years, but the
difference was not statistically significant (X?=0.33, P > 0.05). The relation of infection to
gender, there was no significant difference between males and females. Percentage of
infected children was significantly increased as the mother’s educational level
decreased(X?= 8.45, P < 0.05). Similarly, Percentage of infection increased as the level of
father’s education decreased. However the difference was not significant (X = 3.26, P >
0.05). It is clear from the table that, percentage of infection increased insignificantly as the
crowding index increased. (X*> = 1.63, P> 0.05). Relating to the presence of animals,
percentage of infection was 10.4% among children who lived in compounds with no
animals compared to 27.6% among those who lived in contact with animals, and the
difference was significant (X? =8.52, P < 0.05). Concerning source of drinking water,
children who drank public and /or well water were strongly associated with the risk of
infection (24.6%) than those who drank tap water (10.4%) (X? = 19.9, P< 0.05). Among 13
children who were under chemotherapy for cancer; Cryptosporidium was detected in feces
0f 5(38.5%) and 6 (46.2%) children by Kinyoun’s and ICT techniques respectively.

Relating to intensity of infection (Figure 1), mild infected children (<3 oocysts/ hpf)
represented the highest percentage (43.4%) whereas, heavy infected children ( > 8 oocysts
/ hpf) represented the lowest one (22.5%).
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Monthly seasonal proportion of Cryptosporidium infection gradually increased from a
minimum in March to a maximum between July and September 2009, then decreased in
October. Peak was observed in September (Figure 2).

Table (1): Distribution of Cryptosporidium infection among children with diarrhea according to
socio-demographic and environmental factors.

Variable No. examined Cryptosporidium spp. Czhi-SquIare
No. % X (p-value)
Age
6- 598 72 12.0 0.33(0.564)
9-<12 655 101 15.4
Gender
Males 724 99 13.7 0.00(1.000)
Females 529 74 14.0
Mother’s education 19.3
Iliterate or read and write 579 112 10.6 -
Primary or preparatory 482 51 5.2 8.45(0.015)
Secondary or university 192 10
Father’s education”
Illiterate or read and write 476 89 18.7
Primary or preparatory 447 55 12.3 3.26(0.195)
Secondary or university 284 29 10.2
Crowding index#
<2 139 12 8.6
2-4 723 102 14.1 1.63(0.442)
>4 391 59 15.1
Presence of animals
Yes 246 68 27.6 8.52(0.004)*
No 1007 105 10.4
Drinking water source**
Tap water 791 82 104
Sieved water 104 3 2.9 19.9(0.000)*
Public and / or well water 358 88 24.6
Total 1253 173 13.8

*P < 0.05, # No. of residents per room.

YExcluding 46 children whose fathers were dead .

Y*[Sieved water=filtered and/or bottled water, Public water= Pipes water outside home].
N.B. Room size = approximately 4x4 meter .
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DISCUSSION

Cryptosporidium is a leading cause of persistent diarrhea in developing countries. It can
cause illness lasting longer than one to two weeks in previously healthy children or
indefinitely in immunocompromised ones [12]. Prevalence data of Cryptosporidium are still
underestimated in pediatric populations, due to a poor clinical valuation of pathognomic
symptoms and to the absence of advanced laboratory tools in diagnostic routine panels[13].
This is first report of risk factors and seasonality for cryptosporidiosis in diarrheic children
from Yemen. In the current study, 13.8% of diarrheic children had cryptosporidiosis. This
rate is consistent with previous studies that reported 14% and 15% from Korea and Nigeria
respectively [14,15]. Data from 16 case-control studies(1994-2003) indicate that, the
average overall prevalence of infection in diarrheic immunocompetent patients in
developing countries is 12.7% [16]. Slightly lower infection rates were reported from
Kuwait(10%), [17] and from Palestine (11.6%) [18]. To the contrary, higher rates were
reported form Jordan and Egypt, 37.3% and 27.9% respectively[19,20]. The rates of
infection may have differed according to multiple factors; including type of the study,
hospital or community based, socioeconomic, sanitary and environmental conditions. In
addition to these the parasitological methods applied in each study could influence the
outcome of results [21].
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The relation of infection to socio-demographic and environmental factors, it is evident
from table (1) that, percentage of infection increased insignificantly as the age increased.
Thus, those aged 6-<9 represented the lowest percentage whereas, those aged nine to less
than twelve years represented the highest percentage. It was reported that, percentage of
infection increased gradually as the age increased and a strong tendency was observed that,
the older the age the higher the infection rate. This suggested that, as children grow, they
probably become active, energetic and are more susceptible to infection [14].

Considering gender, percentages of infection among boys and girls were similar. in
agreement with the present work, uniform gender distribution of cryptosporidiosis had been
reported by many surveys, where males and females were equally susceptible [22,23].

Regarding mother’s education, percentage of infected children increased significantly
as the mother’s education level decreased. Nearly similar results were obtained from a
study done among primary school diarrheic children in Egypt where, children of non-
educated mothers had a higher risk of infection than those of educated mothers and the
difference between the two groups was statistically significant[24]. Generally, the effect of
maternal education on prevalence of parasitic infections is explained by Mata to include
mother’s knowledge of primary health care and the appropriate procedures for storage of
food and water and handling of children’s feces which is presumably a reflection of
maternal education to decrease prevalence of parasites [25]. Illiterate fathers have low
income, bad personal hygiene beside their ignorance about the prevention of intestinal
parasitic infections [26].

Crowding index among children was insignificantly associated with the infection. This
agrees with a previous study that reported no statistical difference between crowding index
and cryptosporidiosis among household members. This was ascribed to two explanations;
having a larger household size consisting of several working individuals may relate to
increase household income and thus a higher standard of living, or, working household
members are likely to use a more modern flush toilet at their place of work, thus
minimizing their contribution to the household toilet [27].

Presence of animals was significantly associated with cryptosporidiosis. It has been an
evident proof that the transmission of Cryptosporidium oocysts is increased through direct
contact with animals[28]. The present result goes in accordance with a previous study in
Egypt where, percentage of infection detected in animals attendants was 31.3% and it was
deduced a positive association between percentage of infected animals and their
attendants[29]. To the contrary, contact with cattle and home pets were not associated with
cryptosporidiosis among diarrhoeic individuals in England [30]. This suggests that, animals
may play a role in the spread of infection but other sources are not less important[28].

Concerning the source of drinking water, the majority of houses in Sana’a city had tap
water connection inside their houses but potable water was not available all the time, as a
result people tend to use public taps and / or wells as alternative sources of water supply. In
the present study, use of public and/ or well water for drinking was statistically associated
with infection. This is in agreement with another study that reported a high prevalence of
human cryptosporidiosis. This was explained by the presence of polluted animals and / or
humans excreta that may possibly contaminate the public taps[14].

Relating to intensity of infection (Figure 1), the majority of infected children in the
present study was of mild degree(<3 oocysts/ hpf). Intensity of intestinal infection with
cryptosporidium varies from host to another. It has been suggested that, excretion of
oocysts by individuals is a host characteristic determined by the host immunity. The
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severity of disease may be emphasized by the concomitant infection with other intestinal
organisms[10,31]. Mild excretors children may be well-nourished and have a higher level
of immunological resistance in whom replication of parasite is prevented to some extent
[10].

In the current study, the highest proportion of infection occurred during the rainy
summer season through July to September (Figure 2). Nearly similar result was reported
during the rainy summer season (June—October), from Nepal [32]. In contrast, in Kuwait
and Jordan, high incidence rate was reported in rainy winter season(January- April)
[17,19]. Seasonal and temporal trends of infection varied from country to country. A
seasonal incidence of infection is sometimes present, possibly corresponding to rainfall
peaks, increased pollution from farm waste, or calving and lambing activities[13,33].

It can be concluded that, cryptosporidiosis is a health problem in Sana’a city and
symptomatic children represent a small part of infection, further studies should be directed
to asymptomatic infections, and study of Cryptosporidium genome may allow us to better
understand host specificity and associated risk factors. Improvement of environmental
sanitation especially proper sewage, and safe water supply are recommended. Ongoing
public health measures and health education programs should be go on to focus on the
proper care of domestic animals and the importance of hygienic practices.
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ABSTRACT

The causes of missed miscarriage are often unknown. The aim of this
study was to know the rate of missed miscarriage and to assess
whether the underlying causes are identified at time of termination.
This study was a retrospective carried out in Al-Saba’een Hospital —
Sana’a during a year (from Jan. 1st to Dec. 31st 2010).

The hospital records were reviewed for all women admitted with
miscarriage. The women with missed miscarriage were identified and
their demographic and clinical data were obtained. The
histopathological results noted when available. Of the 621 miscarried
women, 225 patients were diagnosed as having missed miscarriage
giving the rate of 36.2% of the overall miscarriages. Only 17.3% of
these cases the underlying etiologies were diagnosed whereas in the
remaining 82.7% patients the causes of loss were undetermined
(p=0.0002). The histopathological study was performed only in 18.7%
of patients.We concluded that missed miscarriage more frequently
runs without complete evaluation of the underlying causes. It is a
neglected and invisible issue and more efforts are needed to translate
the theoretical knowledge into proven practice.

Keywords: missed miscarriage, medical termination, first trimester
miscarriage

INTRODUCTION

Spontaneous miscarriage is a common complication in early
pregnancy and represents a heavy gynecological emergency
workload to both medical and nursing staff 1.The estimated
prevalence of miscarriage is 10 — 20 % of all clinically
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recognized pregnancies?. Missed miscarriage is a variety of miscarriage and
refers to early fetal demise or blighted ovum with retention of products of
conception 3. More than one causative factor of miscarriage may be
operative. In clinical practice the exact cause is not determined in the
majority of cases®. However, the extensive investigation can decrease the
incidence of unexplained missed miscarriage. Unfortunately in the most of
low-income countries, the issue of karyo type analysis, screening for the
most related infectious causes, autoimmune, endocrine disorders and other
possible factor are either not available or simply not undertaken. In these
situations, the collected information derived from simple investigation are
insufficient to identify the causes, and therefore to guide efforts to prevent
the recurrent miscarriage as well as to improve the quality of care. In our
country most cases of missed miscarriage frequently  run without
understanding of the underlying cause . The purpose of this study was to
assess the rate of missed miscarriage and to assess whether the underlying
causes are identified at time of termination in order to provide the
appropriate evidence-based recommendation

PATIENTS AND METHODS

A retrospective medical review of the total miscarriages being admitted to
Al-Saba’een Maternity Hospital, Sana’a — Yemen was performed during a
year (from Jan. 1% to Dec. 30" 2010). A list of all women having missed
miscarriage was created. The data collected included the age, gravidity,
diagnosis at time of admission, gestational age, management and
complications . The hospital number was used to retrieve the patients’ charts
for collecting the information about the detailed histories, presenting
symptoms, ultrasonographic data, the results of investigation and other
relevant information. Our standard approach is detailed medical and
obstetrical history-taking searching for the possible risk factors, physical
examination, laboratory analysis including hemoglobin level, blood group,
Rh-factor, bleeding time, urinalysis for pregnancy test and possible urinary
tract infection. Screening for toxoplasma, syphilis, rubella and for
coagulation profile are performed in selected cases. A repeated
ultrasonography is performed within the ward to confirm and identify the
type of miscarriage and to exclude any concern for ectopic pregnancy or
other related condition. Once documented, the termination method depends
mostly on the gestational age. Surgical intervention is undertaken for the
first trimester miscarriage. For the second trimester missed miscarriage a
woman is given Misoprostol ( 200 pg) by a nurse vaginally into the
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posterior fornix 6 hourly. Digital examination is performed initially by a
resident doctor and with each repeated dose. The repeated doses of
Misoprostol is often determined based on the individual response or a
maximum of 48 hours has elapsed.

For women received Misoprostol, pulse rate, blood pressure and
temperature are monitored hourly. An intravenous line is not routinely used.
Parenteral analgesia is given in the form of intramuscular injection of
Tramadol every 6 hours or as required. The products of conception when
passed are inspected visually and submitted for pathologic examination only
in selected cases. The need for further uterine evacuation is determined
either by digital examination or ultrasound whichever feasible. Rh anti-D
immunoglobulin is offered to all Rh-negative women. The women are
observed in the ward 2 hours before discharge.

Statistical analysis

The data were analyzed using SPSS(release 11.00, Chicago ,Inc
,USA).The data were presented as mean+ SD, or proportion as appropriate
A p value 0f<0.05 was considered statistically significant.

RESULTS

A total of 621 women were presented to gynecological department during
the study period with different kinds of miscarriage. Two hundred twenty-
five women were having the missed miscarriage, making the rate of missed
miscarriage as 36.2%. The distribution of cases among age groups shows
that it was common among the age groups of 30 — 34 years in 32.4%
followed by age group 20 — 24 years in 28% of cases. As regard gravidity,
missed miscarriage was occurred more frequently (58.2%) in gravida 2 — 4.
It is noted that the frequency was the least among nulliparous women
(3.1%) and in women aged less than 20 years (1.8%). With respect to
gestational age, 68.4% of missed miscarriage were occurred during the first
trimester whereas the remaining cases (31.6%) occurred during the second
trimester (13 — 18 weeks). More than two thirds (69.4%) of cases had
previous histories of miscarriages. Prior one miscarriage was recorded in
36.9% while prior three times miscarriages were recorded in 12.9% of cases.
Table 1 shows the detailed demographic characteristics. The most frequent
clinical presentation was spotting vaginal bleeding in 38.2%. Only 5.7% of
cases presented with moderate vaginal bleeding. Also, a large proportion of
women (36%) had lower abdominal pain.

A notable finding was the presence of sepsis in 11 cases (4.9%).The
underlying causes of loss were identified only in 17.3% (p =0.0002 ).
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Twenty women (8.9%) had acute pyelonephritis and five cases (2.2%) had
bacterial vaginosis (BV). Uncontrolled diabetes mellitus was the only
underlying disorder in 2 cases (0.88%). Four cases (1.8%) had submucus
fibroid and three cases had cervical incompetence. Almost all of the first-
trimester miscarriages (68.4%) were terminated by surgical intervention
(dilatation and curettage) whereas for the second-trimester miscarriage a
prior cervical ripening using misoprostol vaginally and the uterine
evacuation was performed thereafter. Table 2 summarizes the clinical
findings and outcome.

Table (1): Demographic data (n = 225)

No (%)
Age, year
<20 4(1.8)
20-24 63 (28)
25-29 60 (26.7)
30-34 73 (32.4)
> 35 25 (11.1)
Gravidity
1 7(3.1)
2-4 131 (58.2)
>5 87 (38.7)
Gestational age, week
<9 50 (22.2)
9-12 104 (46.2)
13-18 71 (31.6)
Prior miscarriage
0 69 (30.6)
1 83(36.9)
2 44 (19.5)
>3 29 (12.9)
Hb levels (g/dl)
<105 8 (3.6)
> 105 217 (96.4)
Rh(-ve) 32 (14.2)
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Table (2): Clinical findings and outcome (n = 225)

No. (%)
No symptoms 93 (41.3)
Vaginal bleeding
Spotting 86 (38.2)
moderate 13 (5.7)
Lower abdominal pain 81 (36)
Sepsis 11 (4.9)
Identified causes, total 39 (17.3)
UTI 20 (8.9)
BV 5(2.2)
Cervical incompetence 5(2.2)
Uncontrolled DM 2 (0.88)
Submucus fibroid 4(1.8)
Trauma 3(1.3)
Unknown causes 186 (82.7)
Serological findings
Toxoplasma, total 52 (23.1)
19G (+ve) 46 (88.46)
IgM (+ve) 6 (11.54)
CMV 21(9.4)
Rubella 16 (7.1)
Method of termination
Surgical 154 (68.5)
Medical 71 (31.5)
Histopathological study 42 (18.7)

UTL: Urinary  Tract Infection; BV: Bacterial ~ Vaginosis; DM: Diabetes Mellitus;
CMV: Cytomegalovirus. Note: some women had more than one symptom at the same time.

DISCUSSION

The prevalence of miscarriage varies among regions. Several factors may
contribute to such variations including the overall risk factors in each
community,, reproductive behaviors like fertility rate or contraception use,
maternal demographic factors, and health setting among other factors °.In
this study it is noted that the prevalence of missed miscarriage rises with
increasing maternal age and parity which is consistent with other studies ©.
Similarly, it was common (68.4%) during the first trimester and decreased
with increasing gestational age as previously cited by many studies 8.

The prevalence of acute pyelonephritis observed in this study is similar to
other study & but the prevalence of bacterial vaginosis ( BV ) of 2.2% is
lower than reported in the previous studies. It has been reported to be 29.3%
in women seeking termination °. Many factors could have contributed to the
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low prevalence in our study. Testing for BV is often limited to symptomatic
women who present with vaginal discharge taking into accounts that many
women deny such symptom and refuse vaginal and swab collection due to
cultural and/or religious reasons. Bacterial VVaginosis is implicated with late
miscarriage, preterm birth, PID and postpartum endometrisis 1°. However,
further studies to assess the prevalence of BV and other lower genital tract
pathogens in early pregnancy are needed. The seroprevalence of
Toxoplasmosis found in this study was 23.1%. This finding is in line with
that reported in the United Arab Emirates (22.9%) but lower than that found
in Jordan (47.1%) and Egypt (58.1%) %.

In our hospital records, the positive serological tests for toxoplasma,
cytomegalovirus and rubella were not considered the underlying causes of
loss in this series because these findings in asymptomatic women could not
show evidence of association >3, However, promotion of health education
program to prevent infection during child bearing age should be addressed.
Our results demonstrated that the infectious disease was the cause of loss
11.11% of cases, which are similar to other study *.The causes of the
missed miscarriage were identified only in 17.3% of our cases whereas in
the remaining 82.7% of cases nothing revealed by the investigation that
might help in the explaining why miscarriage did occur.In setting with low-
income resources, several factors can lead to this event. First, unavailability
of karyo typing, autoimmune, thrombophilia and other relevant causes
screening may compromise the currently failing protocols of investigation.
To date, the investigations are directed by the opinion of the providers who
may have no interest or enough time to investigate for all likely etiologies.
The second important factor is the lacking of post miscarriage follow-up
care schedule., it is likely that such practice if implemented can allow the
investigation for the underlying causes of loss, discuss the circumstances of
the miscarriage, the possibility of recurrence, contraceptive option and
promote emotional adjustment. Follow up visit one week post miscarriage is
considered the best time desirable to provide the women an opportunity to
express feeling concerning their pregnancy loss and to receive the
appropriate support ¥°. Moreover, it is reported that psychological morbidity
including anxiety and depression may follow miscarriages similar to that
experienced in stillbirth 1 and the follow-up discussion can ease the
maternal sense of responsibility for the loss 4.

Because the etiology of previous miscarriage may influence the
recurrence rate * and many causes are amenable to medical treatment, a
complete evaluation following miscarriage will provide the best estimate to
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prevent further loss. Also a better data on the missed miscarriage aetiologies
are needed for basic research and thus recognition of the prevalence of each
etiology among community. However, many hospitals now have an early
pregnancy assessment unit (EPAU) as an out patient dedicated area where
the management of early pregnancy loss can be provided efficiently. We,
thus recommend offering such unit to relieve the pressure on the hospital,
ease the services accessibility and promote more sophisticated investigation
to help ascertain the underlying cause of loss. It has been shown that the
admission to the hospital can be avoided in 40% of women with further 20%
requiring shorter hospital stay 3. Furthermore, the registration of
miscarriages can be improved within the unit which is considered an
opportunity to guide the efforts for further analysis and prevention.

Although surgical evacuation of the uterus is the traditional method used
for the firs-trimester missed miscarriage termination , several published
studies suggest that the medical termination in the first trimester is accepted
as safe and effective alternatives 8. Our result shows that all women with
first-trimester missed miscarriage (68.4%) were treated by dilatation and
curettage (D&C) under general anesthesia. The possible explanation of this
finding is that most cases were referred to the hospital from different rural
areas where the facilities do not conform to minimal medical standards.
They sought hospital help only when they had already developed
complications. Another possibility is that the providers might prefer the
surgical method to shorten the duration of hospital stay particularly in
setting with heavy workload like ours. However, medical method can
improve the patients choice and preference after having the appropriate
counseling of each method. Taking in account that in setting where there is a
high risk of infection or the facilities for the immediate surgical intervention
are lacking, this recommendation may not be applicable.

Though the value of submitting tissues passed at miscarriage for
histopathologic study has never been universally agreed !° it is
recommended to confirm the diagnosis of miscarriage and exclude the
possible ectopic or molar pregnancy 3. One study in Jordan (2002) 2° found
among 293 patients diagnosed and managed as first trimester miscarriages
that the partial mole was present in 17%, complete mole in 1%, and absence
of chorionic villi in 7%. These results suggest that the pre-operative
diagnosis of miscarriage is not always correct and the value of the
histopathologic study of the products should not be ignored particularly in
setting where the prevalence of gestational trophoblastic disease is high
such as in Yemen. Our data show that only 18.7% of cases, their evacuated
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tissues had sent for histopathologic examination. This indicates that there is
a poor understanding of its clinical importance in identifying the cause of
loss among general practitioners and attendant staff.

Some limitations of this study are noted. First, being a retrospectively
designed, there might be missing data in the patients records which could
affect the final results. Second, a part from the complications noted at
admission, the post miscarriage complications were not determined. It is
possible that patients had late complications but owing to the lacking of the
follow-up care, the provider who managed the case might not be notified.

CONCLUSION

Only 17.3% of our cases, the underlying disorders had identified. It’s time
to reconsider the current approach in this issue by broadening the
investigation to involve more specific maternal and fetal etiologies. More
investigation will improve the detection of the causes and decrease the rate
of unexplained loss. The need for EPAU is a pressing

issue to translate the advances in health knowledge for this group of women
into proven practice as well as to improve the basic registration and
analysis.
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ABSTRACT

The aim of the present study was to develop and evaluate an oral
disintegrant tablet of meloxicam. Drug delivery systems became
sophisticated and pharmaceutical scientists acquire a better
understanding of the physicochemical and biochemical parameters
pertinent to their performance. Over the past three decades, mouth
dissolving or orally disintegrating tablets have gained considerable
attention as a preferred alternative to conventional tablets due to better
patient compliance.

Orally is the most preferable route of drug administration which has
some limited to drug candidate that show poor permeability across the
gastric mucosa and those, which are sparingly soluble. A large
majority of the new chemical entities and many new existing drug
molecules are poorly soluble, thereby limiting their potential uses and
increasing the difficulty of formulating bioavailable drug products, so
lastly the purpose of this study was to grow mouth dissolve tablets of
Meloxicam.

Meloxicam is a non steroidal anti-inflammatory drug (NSAID) which
a newer selective COX-1 inhibitor. Different five formulations were
prepared in his study and evaluated. These tablets were prepared by
direct compress procedure.

Results: The results indicate that formulation number five is the best
formula were friability is 0.65% < 1%, wetting time is 5.5 sec. and
disintegration time is 18 sec.

Dissolution test indicate that more than 75% of drug dissolve in the
first 5min. and assay test is 99.1% which is within the pharmacopeia
limit (90-110%). The systematic formulation approach helped in
understanding the effect of formulation processing variables.
Keywords: Oral disintegrant tablet; Meloxicam; NSAID, Formulation.

INTRODUCTION

Tablets that are fast disintegrate or dissolve rapidly in the patient’s mouth,
are convenient for young children, aged and patients with swallowing
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difficulties [1]. For these formulations, the small volume of saliva is usually sufficient to
result in tablet disintegration in the oral cavity [2]. The medication then be absorbed
partially or entirely into the systemic circulation from blood vessels in the sublingual
mucosa, or it can be swallowed as a solution to be absorbed from the gastrointestinal tract
(GIT) [3].

The bioavailability of some drugs may be enhancing due to absorption of drugs in oral
cavity and also due to pregastric absorption of saliva containing dispersed drugs that pass
down into the stomach. The amount of drug that is subject to first pass metabolism is
reduced as compared to mouth dissolving tablets [4]. Orally disintegrating tablets contain
wide variety of pharmaceutical active ingredients covering many therapeutic categories.
The time for disintegration of orally disintegrating tablets are generally considered less than
one minute. Orally disintegrating tablets are characterized by high porosity, low density and
low hardness. When administered, an in-situ suspension is created in the oral cavity as the
tablet disintegrates and is subsequently swallowed [5]. Recently, the Nomenclature and
Labeling committee at USP has approved the Orally Disintegrating Tablets terminology.

Meloxicam (Figure 1) is a nonsteroidal anti-inflammatory drug, used to relieve the
symptoms of arthritis, primary dysmenorrhea, fever and as an analgesic, especially where
there is an inflammatory component [6].
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Figure (1): Chemical structure of Meloxicam

Meloxicam inhibits cyclooxygenase (COX) synthesis. responsible for converting
arachidonic acid into prostaglandin H2. the first step in the synthesis of prostaglandins,
which are mediators of inflammation. [7].

A primary advantage of the meloxicam family of drugs is their long half-life which
permits once-day dosing [8]. In gastric disease, lower dose of meloxicam is required 7.5
mg/day. Meloxicam is safer than other NSAID’s [9]. The fundamental approach used in the
progress of the fast-dissolving or mouth dissolving tablet is the use of a super disintegrants.
Sodium starch glycolate, pregtnalized starch and croscarmellose were screened in the
present study. A different approach used in developing mouth dissolving tablets is
maximizing the pore arrangement of the tablets [10]. NSAIDs are the most recurrently
prescribed by physicians for inflammatory disorders. NSAIDs exert their effect through
inhibition of cyclooxygenase-1I, the main form of isozyme associated with inflammation
but the simultaneous inhibition of cyclooxygenase-l and the resulting gastric and renal
dysfunction limit their frequent use [11-12].

In this study, an attempt has been made to formulate and evaluate Meloxicam as Orally
Disintegrating Tablet.

42



TUJINAS, 2011 A(4) 41- 48

MATERIALS AND METHOD

Materials:
Meloxicam (Active Ingredient), Croscarmellose (Disintegrant), Sodium starch glycolate
(Disintegrant), Lactose-DCL, Mannitol (Diluents), Citric acid (Taste masking), Povidone
(Binder) sucrose, Sodium Saccharine (Sweetening agent) and Magnesium stearate , Talc
(Lubricant).

All these ingredients and chemicals which used in this study are from Biopharm Co.
Ltd.

Method

All ingredients were weighed as per required quantity and store separately. To maintain
uniformity the particle size, each material was passed through # 100 mesh-sized screen
before mixing [13].

Table (1):Composition of different batches of Meloxicam oral disintegranting tablets

MATERIALS F1 Fll Fl FIV FV
Meloxicam 75mg | 75mg | 7.5mg | 7.5mg | 7.5mg
Lactose DCL 100mg | 78.5mg | 57mg | 82.5mg | 100mg
Magnesium stereate 1mg 1.5mg 4mg 4mg 1mg
Sucrose 4mg - 57/mg | 50mg -
Mannitol 77.5mg | 70mg | 57mg | 10mg 70mg
Citric acid - 75mg | 7.5mg | 7.5mg | 7.5mg
Povidone - 3mg - 0.5mg 4mg
Croscarmellose 10mg 20mg | 10mg | 16mg 20mg
Sod. Saccharine - - - 2mg -
Sod. Starch i ) i 20mg )
glyconate
Camphor - 10mg - - -
TALC - 2mg - - -

Tablet formulation
Direct compression method was done by using single-punch tablet machine (Cadmach,
Bhopal India) and the granules were converted into tablets.

Evaluation tests
All the physico-chemical tests were performed according to the British Pharmacopoeia
(BP.) and United State Pharmacopoeia (USP). [17 and 18]

First calibration curve of meloxicam was done using HPLC (Shimadzu) and Figure (2)
illustrates the relation between concentration of meloxicam and area under the curve.

I. Hardness test

The crushing strength or hardness of the tablets was measured with help of a Monsanto
hardness tester and expressed in kg/cm2 [18].

I1. Uniformity of Weight

Weight variation test is done with 20 tablets. It is the individual variation of tablet weight
from the average weight of 20 tablets [17].
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I11. Friability
The friability of tablets using 10 tablets as a sample was measured using a Roche
Friabilator. Tablets were rotated at 25 rpm for 4 minutes or up to 100 revolutions. The
tablets were then reweighed after removal of fines and the percentage of weight loss was
calculated [17].
IV. Disintegration Time
Disintegration time for MDTs was determined using USP disintegration apparatus with (pH
6.2, 900 ml at 37°C) as the disintegrating medium. To comply the test all tablets should
disintegrate within 3 minutes [18].
V. Dissolution Time
Dissolution Study of tablets on the basis of disintegration data, formulation I, Il and I, 1V,
V, were chosen for dissolution study, as it was showing least disintegration time i.e. 52
seconds. In vitro dissolution study on prepared tablets was performed in (pH 6.2) using
USP type Il (paddle) apparatus operated at 50 rpm (900 ml) for 30 minutes (37 £ 0.5°C)
and Figure 3.lllustrate the results of dissolution profile test for formulations
(FL,FILFIILFIV,FV) [14].
VI. Wetting Time
The wetting time of the tablets was measured using a very simple process. Five circular
tissue papers of 10-cm diameter were placed in a Petri dish with a 10-cm diameter. Ten
milliliters of water containing a water-soluble dye (eosin) was added to the Petri dish.

A tablet was carefully placed on the surface of tissue paper. The time required for water
to reach the upper surface of the tablet was noted as the wetting time. All tests are
summarized in Table 2.

RESULT
Table (2): Evaluation of Meloxicam Orally Disintegrating
Parameter Fl Fll Flll FIV FV
Weight variation (mg) 203.7 198.4 206.3 204.9 200
Friability (%) 0.55 0.75 0.63 0.84 0.65
Disintegration time (sec) 14 16 50 140 18
Hardness (kg/cm?) 4.33 3.866 3.533 3.866 3.4
Drug content (Assay)% 97.5 97.9 97.5 97.9 99.1
Wetting time (sec) 4.5 5.2 6.3 6.8 5.5
Water absorption ratio 48% 45% 41% 40% 44%

The above figure 2 of calibration indicate that the linearity of meloxicam at different
concentration and the regression equation (r?) = 0.99

DISCUSSION

Mona Nagar et al [15]. Are doing formulation and evaluation of fast-dissolving tablet by
direct compression method using crospovidone as superdisintegrant and also Prasanthi et al
[16] doing formulation and characterization of fast-dissolving tablets of raloxifene
hydrochloride prepared by direct-compression method by incorporating super disintegrants
like crosscarmellose sodium and sodium starch glycolate.
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Water insoluble diluents such as microcrystalline cellulose and dicalcium phosphate
were not used in this study because they expected to cause an unacceptable feeling of
grittiness in the patient mouth. Along with the soluble diluents, lactose-DCL and mannitol
were selected as soluble diluents considering its advantages in terms of availability, low
cost and relative moisture insensitivity. Povidone and sodium starch glycolate were used as
a binder at a concentration of 3-5%. The crushing strength of the tablets was adjusted from
3. 4 t0 5.7 kg/cm?. Sublimation agents such camphor was used in formulation 111 to increase
porosity of the tablets.

Figure (2): Calibration curve of meloxicam
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Figure (3): Dissolution profile of meloxicam orally disintegrating tablet formulations as cumulative %
release Vs. time
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Camphor-containing tablets show faster disintegration or shorter disintegration time but
more hygroscopic and as result of tablet compress the porosity was reduced.

The results shown in Table 1 indicate that concentration-dependent disintegration was
observed in batches prepared using camphor as a sublimation agent. The porous structure is
responsible for faster water uptake; hence it facilitates wicking action of croscarmellose in
bringing about faster disintegration. In the first few attempts Fll, sublimation of camphor
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was performed from granules prior to compression into tablets. FI, FI1l, FIV and FV were
changed in the concentration of the croscarmellose as disintegrant and povidone as binder
to prepare good mechanical integrity, and short disintegration time was less than 60
seconds in all formulation except FIV more than 60 seconds as result of used sodium starch
glycolate as binder. The results showed in Table 2 reveal that croscarmellose resulted in
faster disintegration.

Citric acid was added to the other formulation to improve the bad taste except FI show
very bad taste.

Mannitol was used as filler because it has a negative heat of solution and imparts a
cooling sensation when sucked or chewed to improve better taste F4 show unpleasant taste
because the amount of mannitol is very low.

As illustrated in Figure 2 the dissolution profile for all formulation F1,FII,FIlI,FIV and
F At the following time intervals 5, 10,15, 20,25, 30 minute indicate good release where
more than 70% of the drug was release at the first five minute.

CONCLUSION

We can conclude thatcroscarmellose , sodium starch glycolate and povidone
considerably affect the various parameters such as waiting time, disintegration time, and
percentage friability.
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ABSTRACT

The stratigraphic sequence of the Sana'a basin ranges in age from
Precambrian to Recent with some periods missing. Lithological
outcrops of the Sana'a basin ranging in age from Jurassic to
Quaternary, while the subsurface data reveals the occurrences of the
Precambrian rocks.

Current research discusses the sedimentary and structural evolution of
the Sana'a basin and indicates that significant tectonic phases occurred
during the Jurassic, Cretaceous, Tertiary and Quaternary periods.
Structural effects of these tectonic phases include uplift and
subsidence for several times. However, the Sana'a basin formed
during the Jurassic time under an inherited and reactivated structural
control from the old N-S trend. Field studies indicate that the Sana'a
basin was subjected to compression stage during the Paleocene time
which resulted in the formation of an anticline with N-S axis, and then
at the end of the Paleocene the area is affected by extensional faults to
form half grabens such as Wadi Dhahr, and Haddah half grabens.
During the Tertiary Sana'a area has been affected by huge of volcanic
activities especially in the southern part of the Sana' a basin to form
the Yemen Plateau, then the major tectonic trends were reactivated by
extensional stage which coincided with the NS - NW and ENE -
WSW trend. However, most of these faults and fractures are filled by
volcanic dykes of different composition. In Quaternary time another
volcanic activity has occurred to form a lot of plugs and cones
intruded into the old rock units.

Keywords: Structural Evolution, Extensional Faults, Tawilah
Sandstone, Sana’a Basin, Yemen.

INTRODUCTION

The Sana'a basin is about 3200 km? in area with flat alluvium deposits
covering an area of about 500km?. (Fig.1). It is intermountain plain within the
Yemen plateau and is surrounded by irregular topographic features. The
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elevation of the Sana'a area ranges from 2150m in the plain to 3760 m in highest peaks in
the Arabian Peninsula as in “Jabal Al-Nabi Shuaib” to the west of Sana'a city.

The Sana‘a plain slopes gradually from 2350m in the southern part to about 2150m in
the northern part. The bedding of the sedimentary and stratified volcanic rocks dips
gradually from zero in the north, as in the Thomah area, to about 15° in the south, as in Al-
Quthi area. (Italconsult, 1973). The major tectonic elements of Yemen are controlled by the
main trends of the Gulf of Aden, the Red Sea, and the Najid fault systems (Fig.2).

The Sana' a basin is not studied structurally in detail and there is only limited studies
from seismic and drilling information’s. The basin area consists of crystalline basement
rocks overlain by sediments of the Jurassic to Recent (Fig.3). Here, the basement rocks are
considered only so far as they may influence the development of younger structures. The
structural style of extensional basins depends not only on the orientation of the controlling
stress regime relations to the zone of crystal extension and the amount of extensional stress,
but also on the availability of pre-existing basement heterogeneities and on the lithological
heterogeneities within the sedimentary basin fill which can be reactivated by tension.
However, during the evolution of the Sanaa basin, the stress regime governing its
development can change with time where the orthogonal extension may give way to trans-
tensional faulting and or trans-compression deformation. The Sana'a basin is located close
to very active and more complicated structural trends where oceanic floor spreading is
going on now in the Red Sea, to the west, and the Gulf of Aden to the south. Two other
active boundaries: the Zagrous Thrust, to the east, and the Dead Sea strike slip fault to the
north (Khanbari, and Huchon, 2010) (Fig.2). These boundaries represent the major tectonic
trends and the most important structural elements, which have controlled the formation of
any reactivation structures, occurred in nearby areas. As mentioned before, the structural
trends which controlled the formation of the Sana'a basin are inherited from the Proterozoic
trends which have been rejuvenated during the early Jurassic time where a deep depression
was formed with a NW-SE trend. The Sana’ a basin is subjected to different tectonic trends
of compression and extensional regimes. The extensional regime is the most dominant
structures in the area and obscured all old structures (Al-Ubaidi and Al-Kotbah, 2003 and
Khanbari, 2004). Several field trips of the Sana'a area are carried out and field
measurements of faults and fractures are made. Investigation of rock units, faults and
fractures in the study area were delineate all over the area, and detail recognize of faults and
fractures show the main structures of normal faults with extensive fractures of three trends
such as, E-W, NW-SE and N-S to NNW-SSE. More detail will be described below.

Structures

The Sana'a basin shows evidences of rejuvenated old structures, particularly those with
NW-SE trend. The faults and fractures of the ancient Najd fault system have resulted in the
formation of deep basin where the basement surface has subsided to more than 1800m, as
in the Arhab and Al-Hatarish wells of the northern part of the Sana‘a basin. In general, the
Sana'a basin has been subjected to at least four trends of tectonic faults. Field observation
shows that the Gulf of Aden trend had dissected the Sana'a basin into half grabens such as
the Haddah, Wadi Dhahr and Wadi Al-Quthi faults. The Wadi Dhahr faults (Plate 1.B)
belong to the Cretaceous time which affected in the cretaceous sedimentary rocks and not
continues in the tertiary volcanic, while the Haddah and Wadi Al-Quthi faults are Tertiary
faults. The maximum vertical displacement of extensional faults is recorded around Sana'a
city such as in Haddah fault and reaches to more than 300m. This study is coinciding with
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several studies of (Al-Kotbah, and Al-Ubaidi, 2001, Al-Ubaidi and Al-kotbah, 2003, Al-
Subbary et al, 1998, Khanbari, 2004 & 2010). The main trends of faults and fractures
measured in current study as shown in Dhudan area (plate 2.A) are coincided and control
by the major tectonic elements of Yemen and the rejuvenation of the old regional structures
of the Arabian Peninsula.

The structures in the study area are dominant by normal faults (plate 2.C) and fractures
of extensional regime with accommodation structures associated with normal fault (plate
2.E & F), such as the tilting blocks of hanging wall, rollover anticline and sometimes drag
folds. These accommaodation structures are result of the internal compression stress due to
the movement of fault blocks. However, the old tectonic trends play the main role in
formation of tertiary faults and fractures which reveal clear effect in the old rock units

outside the study area.
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Figure (1): Location map of the study Area (Modified After Richard Helmer and Ivanildo Hespanhol,
1997 & WEC, 2001)

Strike Slip Faults
It is not easy to recognize the strike slip faults in the Sana’a area because of the intensive

extensional faults dissecting the Tertiary volcanic rocks and the similarities of the rock
units. Also there is no contrast in lithologic rock units or marker beds to recognize the
horizontal displacement. However, from several field trips and detail survey, horizontal
striations are observed and recorded in several locations within the Sana'a basin; these
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horizontal striations are recorded in the Tertiary outcrops in the Sana'a zoo and in Khawlan
area while vertical slickensides are recorded in the Cretaceous Tawilah sandstones in Wadi
Dhahr area (Plate 2.B). These slickensides are strong support to our view that, Sana’a
anticline is just an accommodation structure with strike slip faults. The horizontal
movement has an E-W direction and the Sana'a anticline is formed an oblique to the major
strike slip fault. Further evidence for horizontal movement probably support by the
occurrence of the folds formed in different locations in volcanic rocks such as the
recognition of thrust faults which recorded in Nagil Yasleh area. All these evidences
indicate that the area is subjected to compressional tectonic which reflected in present of
strike slip fault.
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Figure(2): Regional Tectonic Map of the Arabian Plate, (After Al-Kotbah 1996).
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Yemen Volcanic Tawilah Sandstone
(Tertiary) (Cretaceous)

Plate 1.
A. Map showing the major features of the Sana'a basin, (After Richard Helmer and Ivanildo
Hespanhol, 1997)
B. Panoramatic view of the Tawilah Group, at Wadi Dhahr Indicate the main fractures along
the succession.

Folds

In general, Sana'a Basin as a part of the whole Yemen plateau is subjected to compression
uplift during the late Tertiary time and the Sana’a anticline is formed as accommodation
structure associated with strike slip fault. The Sana'a anticline is most likely related to
horizontal movement and is just an accommodation structure associated with major tectonic
movement. The Sana'a anticline is of N-S axis and plunging to the south with steep dip. The
locations of fold axis in most areas of the Sana’a basin are eroded away and represent the
Sana‘a plain now. The anticline of Sana'a area is of symmetrical type with low angle of two
limbs. In the north, the fold axis becomes horizontal such as in Thomah and Arhab areas. In
addition to this big fold, there are small folds associated with extensional faults as resulting
of tilting blocks and local compression (Al-Subbary, et al., 1999).

GEOMETRICAL ANALYSIS OF FAULTS AND FRACTURES

Detailed analyses of faults and fractures have been carried out to deduce their geometrical
structures and trend of extension. The strike and dip of fault and fracture planes were
measured using the Brunton compass. More than sixty fault and fracture planes are
measured in addition to the major faults mapped. The plotting of fault and fracture planes
are plotted as poles on the lower hemisphere equal area net (Fig. 5), by using the computer
program, the Fabric, version 1.8 (Strakcy, 1977). The plotting shows four trends of faults
and fractures detected in the area. The dominant Trends of faults are NW-SE and ENE-
WSW and these trends are most probably synchronous with the rifting of the Red Sea and
the Gulf of Aden. The other two trends are rejuvenated from old tectonic movements such
as the N-S and the NE-SW direction. All these faults and fractures show very steep to
moderate dips which may indicate these faults and fractures extend to a great depth. Some
faults and fractures are passages of igneous dykes of different compositions. The slip
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movement of these faults is very steep. The principal stress axis is nearly vertical with
occasional slight oblique component.

Plate 2.

A) Deferent trends of fractures in Dhudan Area, Hamdan. B) Vertical slickenside’s, Tawilah Group
in Wadi Dhahr. C) Basaltic dyke intruded the Tertiary volcanic in Wadi Dhahr, Hamdan.

D) Escarpment of normal fault resulted in the uplift of Amran Group in Wadi Bani Assim. E) The
contact between the Amran group and Tertiary volcanic rocks reveal normal faults affected in
Amran Group in Wadi Shaiban, Nihm. F) Escarpment due to normal fault resulted in the exposed
of Tawilah Group and Amran Group in Wadi Bani Assim, Nihm.

Yellow circle shows the scale
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Figure (3): Simplified Stratigraphic Sequence of NW Yemen (After Al-Subbary 1995)

The stratigraphic sequence of the Sana'a basin is obtained from previous field studies and
data. The stratigraphic sequence ranges in age from Precambrian to Recent with some
periods missing. The Phanerozoic rocks of the Sana'a basin mainly consists of sedimentary
and volcanic rocks. The sedimentary rocks in the Sana'a basin are exposed as outcrops
ranging in age from Jurassic to Quaternary, while the subsurface data reveals the
occurrences of the Precambrian rocks as in the Arhab well. The stratigraphic column
(Fig.3) summarized the different rock units of the NW Yemen. The Kohlan Formation is a
siliciclastic unit and is exposed in the Jabal Salab (Al-Wosabi, 2001 and Al-Wosabi, &
Wasel, 2010) in Nehim area, and recorded in Sana'a basin from subsurface data of Arhab
and Al-Hatarish wells (Fig.6 & 7). The maximum thickness is about 45-50m thick (Sawas,
1996), and ranges in age from lower to middle Jurassic (Bydoun, 1982, Diggens, et al.,
1988). The Kohlan Formation consists of course to medium grained sandstones together
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with, conglomerates in the lower pan with interbedded shales and siltstones with plant
remains. It is light grey to white or pinkish in color and it fines upward and passes
conformably into carbonates of the Amran Group (Geukens, 1966)

The Middle Jurassic-Early Cretaceous rocks, represented by the Amran Group exposed
in the northern part of the Sana'a basin as in Thomah area and Nagil bin Ghaylan. This
group consists mainly of limestones and gypsum with intercalated shales in some horizons
as in Wadi Al-Ahjur Formation. Throughout Sana'a area the Amran Group is recorded from
subsurface only and at different depths depending on the vertical displacement of faults
(Fig.7). The thickness of the Amran Group ranges from 320m in the northern part of Sana’a
basin to 100m thick in the southern part as recorded in well DS1 & DS2 (Fig.6). Most
recent aquifer delineation study of Sana’a Basin carried out by Hydrosult, 2010, indicated
that the thickness of Amran Group decreases as we move toward south. This can be
probably confirmed the southern edge of the Basin. This thickness decrease of Amran
Group indicates the edge of the basin.
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Figure (4): Regional Geology of the Sana’a Basin (after Stephen Foster et al 2003).
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Figure (5): Stereonet plot of Fault trends of Sana’a Basin
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Figure (6): Subsurface lithologic logs of boreholes in Sana’a Basin along with location map.
(Based on Kruscman, 1996).
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Figure (7):Hydro-geological Cross-Section across the Sana'a Basin, (After Hydrosult, 2010)

Stratigraphic Sequence in the Sana'a Basin

The age of the Amran Group is middle Jurassic-Early Cretaceous (Geukens, 1966 and El-
Anbaawy (1985). The principal lithofacies is well cemented, limestone and dolomite
intercalated with marls and shale containing macro and micro fossil. These fossils include
skeletal marine mollusks, echinoderms, coral reefs, stromatoperids and foraminifer
(Lamare, et al., 1930). EI-Anbaawy, 1985 described very distinctive interval algae-rich in
the Amran Group and named it Wadi Al-Ahjur Formation which represents the beginning
of sea regression.

The queries in the Amran Group are particularly evaporating dominant in the Sabatain
Formation (Bydoun, 1964, EI-Anbaawy, 1985, which is raised to group by Al-Thour 1992).
It consists of salts and lenses of gypsum with interbedded with marls and shale (Fig.3).

The Tawilah Group is a clastic dominated sequence exposed in a large area around
Sana'a region, especially the northwestern part as in Wadi Dhahr and in the northeasterner
part of the basin such as in Bani-Hushaish area (Fig.4). The age of this group ranges from
Late Cretaceous to Eocene (Al-Subbary, et al., 1993). The thickness of the Tawilah Group
reaches to more than 400m thick in the Al-Ghiras area and thins westward to 150m which
may point toward the source area (Al-Subbary, 1995). Beds with a nodular texture and
distinct multicolored horizons indicate that pedogenic processes were responsible for
important hematite concentration in the uppermost paleosol accumulations of the Tawilah
Group (Al-Subbary, et al, 1998).

The Tertiary volcanic is called as Yemen Volcanic Group which consists of alternating
lava flows of basalt, andesitic or trachyitic porphyries. These Tertiary volcanic rocks
formed today the Yemen plateau which reaches to more than 3660m above sea level such
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as Jabal Al-Nabi Shuaib to the west of the Sana'a. All studies reveal that the Yemen
volcanic are occurred as series of eruptions during stages of volcanic activity, and thickness
is excess to 2000m thick, while some different studies determine the age of Yemen
Volcanic and give wide range of Oligo-Miocene age, (Menzies et al., 1991, Baker, et al.,
1993 and Al-Kadasi, 1994). The Quaternary volcanic rocks are dominated by alkali basalt.
It occurs widely in the study area and particularly to north and northeastern part, and the
age determination is about 5ma (Al-Kadasi, M., 1994). The Quaternary volcanic can be
recognized two types of eruptions; the first eruption involves the cinder cones eruption
which is explosive type volcanic, and are found in the north and northern part of the Sana' a
basin (Fig.4). The second eruption is the lava sheet rocks and occurs along the Sana‘a-
Amran road to the northwest part of the Sana'a basin. The Quaternary deposits are mainly
alluvial sediments and conglomerates which reach in thickness to more than 30m thick in
the middle of the Sana'a basin such as in the Sana'a university campuses

Historical Evolution of the Sana'a Basin

Historical evolution of the Sana'a basin started in early Cambrian following the old tectonic
trend in the N-S and NW direction. These two trends were probably reactivated from Hijaz
and Najid orogenies representing the oldest and dominant tectonic trends affected Yemen
and the Arabian Peninsula (Al-Kotbah, 1992). During the Cambrian-Ordovician, the initial
main trend of the Sana' a basin has formed and the continental clastic sediments were
deposited the Kohlan Formation. During the Jurassic time subsidence increased and formed
deep depression of NW-SE trend. During this time the Amran group was deposited given
rise to a thickness of more than 1600m as measured in Arhab and Al-Hatarish wells (Fig.6).
The main trend of the Sana' a basin parallels to the Al-Jawf-Marib basin which was
probably belonged to the same age and both were formed by the same tectonic movement
rejuvenated from the Najid trend (Fig.2), and this may require more detail studies. During
the Cretaceous time the Sana' a basin was subjected to uplifting and received a lot of clastic
rocks of Tawilah Group. Current study indicated that, both Amran and Tawilah Groups
were affected by tectonic movement of E-W trend resulted in the formation of extensional
faults such as the Wadi Dhaher and Al-Sabbeen faults (Al-Kharpy, 1996). This movement
is recorded for the first time in the Sana'a basin based on field observations and subsurface
data (Fig.7). The extensional faults, which strike E-W, are more likely a proof that the Gulf
of Aden is an old trend and was formed before its opening.

Most probably the rift of Aden was formed during the Cretaceous time and had been an
exposed continent receiving no sediments. The Wadi Dhahr faults were confirmed as
having formed during late Cretaceous where they crossed cut the Tawilah Group prior to
the development of the Tertiary Volcanics (Plate 1.B).

In general, Yemen was subjected to a major volcanic activity during the Tertiary time to
a state-wide series of volcanic eruptions. This volcanic activity resulted in the formation of
Yemen plateau which stands today to more than 3660m above sea level. However, the
Sana'a stratigraphic sequence was intruded by these volcanic rocks and covered all old
sedimentary rocks of the Sana'a area. At the final stage of volcanic eruption, the Sana'a area
was subjected to a compression stage where the Sana'a anticline was formed whose axis
trends N-S. This axis dies out in the north with steep plunge in the south, then another stage
of extensional faulting resulted which shaped up the present area, and represents an
extensional tectonic regime contemporaneous with the opening of Gulf of Aden and the
Red Sea (Khanbari and Huchon 2010). This stage produced the most dominant structures
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where it obscured all old structures. The extensional faults include the Haddah, Aser and
Wadi Al-Quthi faults. The vertical displacement of Haddah fault reaches more than 300m.
All these faults are striking E-W. However, a horizontal movement has affected the Tertiary
volcanic in an E-W direction and was created by reactivated faults in this direction. After
the volcanic quiescence these major faults and fractures were subjected to a late volcanic
activity occurred where a lot of dykes and plugs (Plate 2.C) of different trends (the
dominant trends are N-S, NW-SE and E-W) and composition have intruded all the
stratigraphic sequence from Precambrian to the Tertiary rocks, along N-S fractures of the
present area of the Sana‘a city, the rocks were eroded away forming the intermountain plain
of Sana'a Basin.

The quaternary post tectonic movement is accompanied by a volcanic activity intruded
older rocks with a very distinctive morphology characterized by a distribution of scatter
cones, cinders, dykes and plugs and occasionally spread as lava flow in the low lands.

Subsurface Geological Cross-Section
a. Northeast - Southwest Cross Section (A-A")
This cross-section has NE-SW direction and constructed based on data of well logs (12P,
ST-7, ST-8, R-4, R2, EX-4, SE-3, EX-3, 9P, 13P, C1849, C1564 and 14p) (Fig.7 A-A"). It
extends from Al-Maleka Village (Bani-Hushaish) located northeast of the basin to Wadi
Hamadan located southwest of the basin. It shows the lithostratigraphical sequence of the
geological units from the Jurassic Amran limestone at its base followed by Cretaceous
Tawilah Sandstone Group and Quaternary Alluvial Deposits at its top. Tertiary Volcanic
Flows exist at the northeast part of this cross-section.
The cross-section did not show any structural elements disturbing the different
stratigraphical units. It shows the following aquifer system:
- Aquifer 1: Quaternary Alluvium
- Aquifer 2: Quaternary and Tertiary Volcanic
- Aquifer 3: Tawilah Cretaceous Sandstone and
- Aquifer 4; Jurassic Amran limestone
This sub-surface cross-section confirmed that:
e  The alluvial aquifer has attained its maximum thickness at the area
between airport and Al-Rawdaa and
e  The geological sequence has been intruded by volcanic rocks at the
south-western part of this cross-section.
e  No structural element were detected along this cross-section as all the
faults are of E-W direction

b. North —South cross section (B-B")

It is the most important cross-section. It has N-S direction and constructed based on data of
well logs (F-2131, P, F1445, German well, R-4, TP2, SE-1, 6P, 1P, SE-1, SE-4, H12, ST-3,
SE-5, M-18, HZ1) and geoelectrical data (Vertical Electrical Sounding VES, N1 to Nig)
(Fig.7 B-B"). It extends from Jabal Al-Sama (Arhab) on the North to Dar Salm on the
South. It shows the stratigraphical sequence of the geological units from the Jurassic
Amran limestone at its base followed by Cretaceous Tawilah Sandstone Group and
Quaternary Alluvial Deposits at its top. The Tertiary Volcanic flows and Amran Limestone
Group are exposed at the most northern part of this cross-section (i.e. beyond the limit of
this cross-section).

60



TUJINAS, 2011 A(4) 49-65

A set of normal faults of approximately E-W directions have been detected along this
cross-section. The first structural fault has been detected at the southern part of this section
(Dar Salm Fault, south of Sana'a city). It is showing a down throw side toward north of
about 350 to 400m. The second structural fault has been detected at the central part of the
cross-section (Al-Jeraf Fault, North of Sana'a city). The third structural fault has been
detected at the most northern part of the cross-section (Jabal Al-Sama Fault). This fault is
located at the contact between the recent alluvial deposits and the Jurassic Amran
limestone.

It is indicated from the cross-section that these normal faults represent a full graben
structure. This graben structure accommodates an appreciable thickness of the alluvial
deposits especially at the area between Al-Rawda and Jabal Al-Sama.

As mentioned earlier, Sana’a basin was subjected to compression uplift during the late
Tertiary time to form the Sana’a anticline. The Sana’a anticline is of n-s axis and plunging
to the south with steep dip. The location of fold axis in most areas of the Sana’a basin is
eroded away and represents the Sana’a plain recently.

This cross-section provides useful information and helped in resolving and confirming
the following issues:

a. The use of the additional borehole logs and the geophysical resistivity (vertical
electrical sounding ves) data confirm that the tawilah sandstone aquifer has
been completely eroded at the area located between the airport and al-rawdaa.

b. The sana’a basin has been subjected to tectonic activities which play a major
role on the hydro geological regime.

c. The cross-section indicated that the sub-surface as well as surface faults are
having the trend.

SUMMARY AND CONCLUSION

This paper discussed and investigated a basis for prediction of subsurface structures within
the Sana'a basin which is suitable for the containment of the main source for drinking water
of the Sana’ a city. However, the understanding of the tectonic setting within the Sana'a
basin is of high importance, since such a study has proved beneficial and received much
attention in the last few years. This study is considered the first attempt to establish a
detailed structural study. Stratigraphically, the Sana' a basin has a geological column
ranging in age from Precambrian to Recent. These stratigrathic units from top to bottom as
follow:

Quaternary (volcanic rocks and wadi deposits)

Tertiary volcanic (sheeted volcanic and basal basalt)

Tawilah Group (clastic rocks)

Amran Group (carbonate rocks)

Kohlan Formation (clastic rocks)

Precambrian rocks (Basement rocks).

Four tectonic movements are recorded from field relationships and structural analysis of
the faults and fractures in addition to correlation of units. These are summarized as follow:

1. The Jurassic tectonic movement resulted in the formation of the Sana'a basin. This

tectonic movement is a reactivation of the old trend of the Najid fault system. The
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formation of the Sana' a basin is contemporaneous with the formation of the Marib-
Al-Jawf basin of NW-SE strike.

2. The second tectonic movement occurred during the Cretaceous time with an E-W
trend. It is herein proved that this trend had existed prior to the opening of the Gulf
of Aden.

3. The third tectonic movement affected the Sana’a basin, is the volcanic activity that
had occurred during the Tertiary time and resulted in the formation of Yemen
plateau.

4. The fourth tectonic movement accompanied by a volcanic activity took place during
the Quaternary time where all older rocks were injected by dykes and plugs of
different trends and is still active now.

The use of the additional borehole logs and the geophysical resistivity (vertical
electrical sounding) data in the subsurface geological cross section confirm that the tawilah
sandstone aquifer has been completely eroded at the area located between the airport and
al-rawdah as clearly indicated in cross-section b-b’.
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ABSTRACT

Measurements of viscosity of poly methyl methacrylate
(PMMA)/poly ethylene glycol (PEG) blends in tetra hydro furan
(THF) as a common solvent, were carried out for different blend
compositions at 30, 40 and 50°C. Using the viscosity data, interaction
parameters [ were computed to determine miscibility. These values
revealed that the blend was miscible when the PMMA content was
more than 30% of the blend. Further, the results revealed that the
change in temperature has significant effect on the miscibility of
PMMA/PEG polymer blends. The simple of (PMMA/PEG) blends
were characterized by using (FTIR).

1. INTRODUCTION

During the last two decades, the phenomenon of inter-diffusion in miscible
polymer blends has been the subject of many investigations and is of interest
for several applications such as welding and blending of polymers [1]. When
two miscible polymers come into contact with each other, mutual diffusion
across the interface between the two polymers may occur.

In general, polymer-polymer interactions are small and the polymer coil
volume is determined by polymer-solvent thermodynamic interactions [2].
viscosity probes the interaction of molecular structure with the solution.
Several theories in polymer physics literature[4] The viscometric method
used successfully in compatibility characterization of poly blends. It is the
low cost, and rapid techniques to study the miscibility of polymer blends.
[6,7] by this techniques was studied thermodynamics and interaction to alt
of mixed of polymer blends [3,8,9] in order to make two mixed polymers. we
make them have less energy when mixed than they would be separated.

In this study, we measured the viscosity of poly methyl methacrylate
(PMMA)/poly ethylene glycol (PEG) blends in tetra hydro furan (THF) as a
common solvent, for different blend compositions at 30, 40 and 50°C. with
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the help of viscosity data available to us, interaction parameters p were computed to
determine miscibility. The simple of (PMMA/PEG) blend and unblends were characterized
by using (FTIR).

2. Experimental section

2.1. Materials and solution preparation.

Poly(ethylene glycol) (PEG) with an average molecular weight of 3500-4500 and melting
point (mp=58-64°C) was supplied by Scharlu, Poly (methyl methacrylate) (PMMA) of
molecular weight 35x104 by Aldrich. Tetra hydro furan (THF) by Aldrich with purity
99.9% HPLC grade was used as reagent grades and used without further purification. The
polymer solutions were prepared by dissolving 0.5g of each polymer separately in 100 ml
THF from these solutions were prepared different concentration for each polymer in
within the range from 0.2 to 0.5 (g/dl) of polymer. The polymer blends were prepared by
solution casting using THF as solvent. (PMMA/PEG) were blended in several weight
percent ratios and dissolved in THF. The solutions were stirred overnight and then poured
into glass dishes and allowed to evaporate slowly at room temperature.

2.2. Viscosity measurements [4,8,12].

The viscosity measurements were carried out using a conventional Ubbelohde viscometer
that was placed in a thermostatically controlled bath with a precision of 0.01°C.
Measurements were initiated after approximately 5-10 minute equilibrium time. The flow
times were determined from an average of several readings (more than 3 readings). All the
viscosity measurements were performed according to the following specially designed
experimental procedures.

The efflux time t0 minute of pure solvent THF recording at different temperatures 30,
40 and 50°C,with repeated the t0 minute(3 times).

Then 15 ml from 0.5 (g/dl) of the polymer solution (PEG in THF ) was transferred into
viscometer and the flow time(t ) minute for solution recorder in temperature water-bath
(30,40 and 50°C). The experiments were repeated by 15 mll with PEG(0.4, 0.3and0.2)
(g/dl) separately as the same 0.5 (g/dl) solution. The flow time (t ) of PMMA solutions
were measured as the same way.

15 ml of this solution [70/30]concentration 0.5 (g/dl) was transferred into viscometer in
constant temperature water-bath(30°C). The flow time minute blend recorder with
repeated this process (3 times). The experiments were repeated(4 times) by diluting blend
solutions by adding (5 ml of solvent THF each time to obtained the flow time of dilute
blend solutions (0.4,0.3 and 0.2) (g/dl) for [70/30] at the same temperature degree. The
experiments were repeated at (40 and 50°C)by the same way. Then the other ratios with
different concentration and different temperatures(30 , 40 and 50°C) carried out such as
first ratio.

2.3. FTIR Analysis.

Fourier Transform Infrared Spectroscopy (FTIR) method applies to characterize vibrations
in molecules by measuring the absorption of light of certain energies that correspond to the
vibration of the molecules from low to high frequency. FTIR spectra of polymer blends
carried out by (Varian 800 FT-IR Spectrometer, Scimitar) with KBr pellets at room
temperature .
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3. RESULTS AD DISSECTIONS

Solution Properties.

Thermodynamic quantity of polymer concentration be obtained by intrinsic viscosities, [n]
by plotting the reduced viscosity (dl/g) of polymer solutions against concentration (g/dl)
.The measured values of reduced viscosity data for PMMA, PEG in THF and their blend
ratios (70/30, 60/40, 50/50,40/60 and 30/70) at 30, 40 and 50°C , are given in tables1,2 and

3 respectively.

The plots of reduced viscosity versus concentration (g/dl) for the pure components and their

blends solutions at 30, 40 and 50°C , refer to figures 1,2 ,3.
Intrinsic viscosity [n]and Huggins Coefficient KH

their according to literature [5].

Table (1): Reduced viscosity data for PMMA, PEG and their blends in solution at 30°C.

are determined from taking
intercept and slop these values show in table 4. The values of KH take rang 0.024-0.37

Conc. (PMMA/PEG) composition ratios in solutions at 30°C.
g/dL PMMA | PEG | 70/30 | 60/40 | 50/50 | 40/60 | 30/70
0.5 0.926 |0.122| 0.68 | 0.62 | 0.54 | 0.46 | 0.35
0.4 0.919 |0.121) 0.65 | 0.59 | 0.52 | 0.44 | 0.33
0.3 0.909 |0.118| 0.62 | 0.55 | 0.49 | 041 | 0.31
0.2 0.899 |0.115)| 0.58 | 0.52 | 0.47 | 0.39 | 0.29

Table (2): Reduced viscosity data for PMMA, PEG and their blends in solution at 40°C.

Conc. (PMMA/PEG) composition ratios in solutions at 40°C.
g/dL PMMA | PEG | 70/30 | 60/40 | 50/50 | 40/60 | 30/70
0.5 0.910 | 0.108| 0.64 | 0.58 | 0.52 | 0.44 | 0.32
0.4 0.897 |0.107| 0.61 | 0.55 | 049 | 042 | 031
0.3 0.879 |0.102| 0.58 | 0.52 | 048 | 040 | 0.30
0.2 0.838 |0.099| 0.53 | 0.48 | 046 | 0.37 | 0.28

Table (3): Reduced viscosity data for PMMA, PEG and their blends in solution at 50°C.

Conc. (PMMA/PEG) composition ratios in solutions at 50°C.
g/dL PMMA | PEG | 70/30 | 60/40 | 50/50 | 40/60 | 30/70
0.5 0.894 |0.098| 0.60 | 0.54 | 0.46 | 0.40 | 0.30
0.4 0.879 [0.092| 0.57 | 0.50 | 0.44 | 0.38 | 0.29
0.3 0.849 [0.084| 054 | 0.47 | 0.41 | 0.35 | 0.28
0.2 0.804 |0.079| 0.49 | 0.43 | 0.39 | 0.32 | 0.26
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Figure (1): Reduced viscosity versus concentration (g/dL) for PMMA/PEG blend solutions at 30°C.
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Figure (2): Reduced viscosity versus concentration.(g/dL) for(PMMA/PEG) blend solutions at 40°C.

Table (4): The Huggins constant KH and Intrinsic viscosity[n] at different temperatures.

Conc. (PMMA/PEG) composition ratios in solutions at 50°C.
gidL | Ku | [n] [ Kn [n] K [l
100/0 | 0.091|0.8814 | 0.234 | 0.7991 0.3000 | 0.7515
70/30 | 0.308|0.5123 | 0.329 | 0.4595 0.3044 | 0.4319
60/40 | 0.355|0.4449 | 0.338 | 0.4106 0.3763 | 0.3528
50/50 0.22710.4275| 0.173 0.4303 0.2441 | 0.3420
40/60 ]0.245]0.3349 | 0.240 | 0.3215 0.2849 | 0.2581
30/70 ]0.180)0.2469 | 0.126 | 0.2536 0.1310 | 0.2351
0/100 ]0.024]0.1106 | 0.032 | 0.0928 0.0650 | 0.0655
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Figure (3): Reduced viscosity versus concentration (g/dL) for (PMMA/PEG) blend solutions at 50°C.

values of intrinsic viscosity and Huggins constant were obtained in this way illustrated
in table 4. From this data, it can be observed the intrinsic viscosity for
PMMA PEG,PMMA/PEG decreases for all the three systems with temperatures and that
the intrinsic viscosity remains less than PMMA and higher than PEG throughout the
investigated temperature.

A general decrease in intrinsic viscosity with temperature observed in both,( table and
figure 2), is due to decrease in interactions of polymer with solvent as the quality of
solvent deteriorates at this temperature.

—m— AT 30C.
—e— AT 40C.
AT 50C.

Intrinsic viscosity [n]
(dL/gm)

T T T T T T T
100/0 70/30 60/40 50/50 40/60 30/70 0/100

(PMMA/PEG) compositions.

Figure (4): Intrinsic viscosity versus composition ratios at different temperatures.

Using these values, Chee[6] defined a more effective interaction parameter, as follows:
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B AB 1
7] —m .................... (D)

where [1]1 and [n]2 are the intrinsic viscosities for the pure component solutions.
The blend is miscible when (u >= 0) and immiscible [12] when(u < 0). The values of p
calculated with the preceding expression at 30, 40 and 50 °C are represented in table4.

Table (5): Interaction parameters p of PMMAJ/PEG blends at 30, 40 and 50°C.

Compositions Interaction parameter (L) .

PMMA/PEG At 30 C At40 C At 50 C
70/30 0.422329 0.394599 0.259139
60/40 0.502328 0.394599 0.259139
50/50 0.285626 0.081806 0.130961
40/60 0.316882 0.214769 0.217660
30/70 0.207731 -0.0135509 -0.1094144

The relation between the interaction parameters (u) and intrinsic viscosity[n] are
inverses according to equation(1), which explained why the value of(u)to ratios (50/50)
and(30/70) decreases with small arise for intrinsic viscosity[n] at (40°C) which can also be
observed in table 4.

In general, the results of interaction parameters (1) in table5 enhancing and confirm that
(PMMA/PEG)blend in solutions may be miscible for all ratios which were investigated.

Fourier Transform Infrared Spectroscopy (FT-IR).
Comparing figure 5, and with figure( 6 a,b,c) we are observed in region (C=0) of blend
splits into two separate modes at (1734-1730)cm-1 and (1637)cm-1. As the similar in the
region of O-H where small peak arise in the wide bands at (3517)cm-1 and (3440)cm-1. As
its clear that the two regions in C=0 stretch may be assigned to the native and loosely
associated states. The carbonyl group, which is absolutely free from association, can have
an absorption peak at 1730cm-1 [10]. The shoulder at 1637cm-1 corresponds, most likely to
the hydrogen bond between oxygen atoms in PMMA units and PEG hydroxy!l groups. The
oxygen atoms in ester groups can also associate with PEG terminal -OH groups [10]. The
most energetically favorable of hydrogen bonding through the oxygen atoms and C=0 with
OH groups of PEG in the blend PEG / PMAA-co-EA and PEG/PVP system has been
explained with more details in previous literature[10]. In the spectrum of PMMA/PEG
blend (1:3) the bands at the same region 1637 cm-1 possess low intensities compared with
that (1:1 and 3:1).

That was maybe attributed to increased intra H-bonding between PEG chains with
increased the amount of PEG in blend.
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Figure 6 FTIR spectrum of (a, b, ¢)(1:1, 3:1 and 1:3)ratios of (PMMA/PEG)blends.

CONCLUSION

From the experimental data by Using viscosity, it has been shown that the thermodynamic
affinity(similarity - suitable)of the solvent for the polymer affect the flexibility of the
polymer chains, degree of aggregation of chains and the structure of the solutions effect the
viscosity of solutions. The shape of the reduced viscosity versus concentrations curves is
similar  to those for the homo polymers and it is possible to predict the intrinsic viscosity
of blends from those of the constituent polymers. In the case of blending, it is concluded
that various ratios and concentrations of polymer blend systems has been found ,in
generally, miscible or compatible mixtures as judged from the linear behavior of the
reduced viscosity versus concentrations plots and from the absence of crossover over the
whole range of ratios and concentrations at temperature has been confirmed. Observed
Interaction parameters(pt) confirmed the polymer blend compatibility. It is also concluded
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that the viscometry is simple technique determine the miscibility or compatibility of the
polymer blend.

The different size of spheres indicating to still interaction effect with PMMA. That’s
confirmed by appeared newly peak and shifted the wave numbers for other peaks in FT-IR
spectrum
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ABSTRACT

Fresh samples of Salvadora persica were collected from Hudiadah
province at 23/2/2011 . They include steams ,roots, and leaves . The
ethanolic and aqueous extracts were prepared as w/v . (2.5, 5, 10 )%
for three plants parts .

The microbial samples were collected from privet dentists clinics in
Thamar province by mouth swab and mouth washing methods . S.
aureu s S. mutans, , and C. albicans were isolated and a pure cultures
were prepared to each microbes for farther studies .The effect of
different parts of plant showed high antimicrobial activity of root
extract followed by stem and leaves extracts and the antimicrobial
effecacy concern positively with concentration. The ethanol extract
showed more antimicrobial activity than hot water extract.

INTRODUCTION

The current alternative medicine give a good evedinces about the trust of
using plants as antimicrobial agents and drugs. The WHO reported that 80%
of world major part of the therapies involve the use of plant extract or their
constituents®.

Salvadora persica L. (Salvadoraceae) is one of these plants, which was
used by Bablonians some 7000 years ago®. According to World Agro
Forestry Center(www.Agroforetrycenter.org.), S. persica is an evergreen
shrub or small tree known as siwak or arak. Arak trees are widely spread in
African, Asian & Medill east countries such as Algeria, Egypt, Ethiopia,
Libya, Nigeria, India, Jordan, Oman, KSA, Syria and Yemen.

In general the plant prefers areas where ground water is readily
available®. In republic of Yemen, the plant grow natively especially in Al-
Hodeida governorate.


mailto:adelaleryani@yahoo.com
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Oral hygiene by using siwak stick is a part of Islam regime®. Sticks of siwak were
prepared from roots or shoots and used as toothbrush®. Siwak sticks are useful physically
due to their fibers and chemically because of their antimicrobial efficacy®.

Water, ethanol, methanol, ethyl acetate and acetic acid were used as solvent to extract
the effective chemical compounds from siwak sticks® . The chemical compounds isolated
from root sticks are 3benzel-isothiocyanate, saponins, tanins, silica, small amount of resin,
trimethylamine and fairly large amount of alkoloidal constituents®. Lewis and Elvin-Lewis
(1977)® reported a high content of minerals in the roots.

In vitro studies showed the antibacterial effects of many extractions from siwak sticks®.
Aqueous extract has a fungistatic effect on C. albicans®. Al-Ali and Al-Lafi (2003)
reported that the leaves have benzyl nitrate and the stem has cineol as a main components.
Anti-plasmodia effect of S. persica was reported by Ali et al (2002)“2,

Clinical studies in children have evaluated the efficiency of siwak as an oral hygiene
tool among various population and find to be effective in removing oral deposits®®),

Although Arak is a well-known shrub in Yemen but the plant has not received much
attention. The aim of this study is to detect the antimicrobial activity of aqueous and
ethanol extracts of leaves, shoots and roots of native S. persica against oral microbes.

MATERIALS AND METHODS

1. Microbial samples

Fifty oral swabs were collected from patients of privet dental clinics in Thamar city in
addition to ten normal samples. Mouth washing samples were collected to test the effect of
plant extracts against oral microbes.

The swabs were cultured directly by streaking method on nutrient agar plates (90mm),
then were incubated at 37 °C. The growing microbes were isolated, purified and identified
following standard methods®¥. The yeast pure cultures were prepared on NA with
chloramphenicol (250 mg/l) to avoid bacterial growth. Germ tube test was followed to
identify Candida albicans®,

Sterile distal water (10 ml) was used to prepare mouthwash samples which collected in
sterile vials with wide mouth. Mouthwashing samples were used to explain the inhibitory
growth effects of water extracts of root, shoot, and leaves on total microbes by colonies
count method.

2. Plant extracts

Arak samples were collected from Al-Hodeida province, they include stems and roots sticks
besides the leaves. Samples were washed intensively by tap water and were dried at room
temperature for two days®®.

The samples were grounded by household grinding machine. The powder of each plant
parts were used to prepare 2.5%, 5% and 10% (w/v) of boiling distal water and ethanol as a
solvents. The plant extracts were purified by fine mish then sterilized by millipore filter
papers 0.45um.

The sterile extracts were used to prepare nutrient broth media in sterile test tubes. The
media were inoculated by full loop of pure culture of S. aureus, S. mutants and C. albicans.
After incubation at 37 °C microbial growth were tested in the test tubes indirectly as
turbidity by spectrophotometer. Test tube with nutrient broth only was used as a control.
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Hole plate diffusion method was followed to show the inhibition zones of each solvent
extract against microbes. Ethanol extracts was prepared as in agueous extracts.
THE RESULT AND DISCUSSION

All collected samples showed microbial growth on nutrient agar plates. Patient's swabs and
mouth washing samples showed more intensive microbial growth than normal swabs.

Two species of bacteria and one yeast were isolated and identified. They were
Staphylococcus aureus , S. mutans and Candida albicans. The three microbes are common
in the samples.(Table-1)

Table (1): Occurrence % of the common microbes in (50)samples.

The microorganism Occurrence%”
Staphylococcus aureus 82
S. mutans 60
Candida albicans 94

*Qccurrence%= (no. of samples with microorganism/50)x100

According to the colonies count test(Fig-1), the recent study showed that roots extract
give the highest inhibition zone for total microorganisms followed by shoot and leaves
extractions. This results were confirmed by test of the microbial growth in broth medium,
the highest turbidity (lowest absorption)-measured by spectrophotometer- was recorded
when leaves extract was used to prepare the growth medium followed by shoots and roots
extracts.

Figure (1): Effect of different plant parts on total microbial growth(R/root), S(stem), L(leaves),
C(control).
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Different compounds and their concentrations in roots, shoots and leaves may cause
different inhibition levels. The extract of root showed the highest antimicrobial effect(fig.1-
R) .It contain benzylisothiocyanate which is reported to have a broad spectrum bactericidal
activity® and is the most potent® while stem extract gave a moderate effect(fig.1-S)

Leaves extracts inhibit microbial growth mildly in compare with roots and shoots
extracts(fig,1-L), they have benzylnitrate as the main oil compounds which exhibit
antibacterial activity®™, The World Agroforestery Center (WAC) reported that decoction of
leaves are used as mouthwash, and masticated leaves for tooth and gum problems®,

To compare between ethanol and hot water extract on growth of isolated microbes,
plant extracts were used to prepare the culture media . The results showed that the ethanol
extract has highest antimicrobial activity than aqueous extracts against bacterial and yeast
isolates (fig.2) Such effects may be related to several chemical compounds found in siwak
sticks include trimethylamine, salvadorine (alkaloids), chlorides, fluorides, sulfur, V.C.,
tannins, flavenoids and sterols®.

Fig.2- Effect of ethanol extract (E) and water extract (W) on growth of candida.

Alma (1993)®" suggested that alkaloids present in S. persica is salvadorine which yield
trimethylamine on hydrolytical cleavage, these compounds beside sulfur which present in
siwak also have bactericidal effects ©18),

The effect of aqueous extract of siwak against C.albicans which proved in current study
agree with Al-Bayati and Suliman (2007)®. Tannic acid may caused such effect on C.
albicans®19), Ethanol extracts showed more effective zones than water extracts of S.
aureus, S. mutans and C.albicans (Table-2) .

Table (2): The inhibition zone(mm.) of root(R),stem(S),leaves(L) extracts according to solvent and
concentration.

| . S.areus S.mutans C.albicans
Plant extract |Conc.% R1Is LRl IL RIs L
Ethanol ext. |2.5 4 3 |1>16 |4 (1> 1|4 (2 |1>
5 10 |6 (3 (11 (5 |3 |7 |3 |1>
10 13 |18 (3 (18 (7 |3 |11 |7 |4
Aqgueous ext. 2.5 2 1> |1> |3 |1> |1> |1 |1> [1>
5 5 2 2> 1|7 |3 |1> |5 |2 |[1>
10 8 |5 (3 (|12 |7 |2 |6 |3 |2
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Al-Lafi and Ababneh (1995)® by using water extract reported( 20mm and 24mm) as an
inhibition zones for S. aureus and S. mutans ,respectively the differences from the present
study may due to the degree of siwak extract concentration or/and related to different
bacterial isolates.

The solvents may give different results also do the age of plant parts used in preparing
the extracts. In this study fresh parts (un stored) were used. Alcoholic extracts showed
considerable effects, which increase with extract concentration for roots, shoots and leaves,
these results agree with®: ). 22,

In all tests followed here, the inhibition effects of extracts against microbial growth are
increase from 2.5%, 5% and 10% respectively (Table-2). Turbidimetry method and
inhibition zones give the same results which agree with previous studies®.
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ABSTRACT

This work is chosen to analyze the rotary winding machines because
these machines are existed in our country and this analysis is practical
from the side of input values and getting the results. Good rotary
winding machine design practice demands the analysis of the system
to insure that the reaction due to operation of the machine will not
cause damaging vibrations. The widest phenomenon in vibration
forms in mechanical transmission is the torsional vibration. The aim
of this work is the analysis of the torsional vibrations of these rotary
winding machines and to minimize that vibrations and to alleviate
recurring costly maintenance problems.

To minimize system dynamic torques it is necessary to spread the
torsional natural frequencies. This is best achieved by lowering the
fundamental torsional natural frequency. In main rotary winding
machine drives this is most readily accomplished by lowering the
torsional stiffness at the lead spindle location or, by making the lead
spindle torsional flexibility greater by increasing the shaft separation
or, if necessary, by using a torsionally flexible spacer. Torsional
stiffness is inversely proportional to shaft length. For the solution of
the problem one must first of all estimate the physical system
parameters taking into consideration the real set of components of a
rotary winding machine and then to transform them into a
mathematical model. In this work there was also the method of
calculation model presented.

The equations of motion of the whole vibrating system are defined
and the study include solution of torsional vibration of this machine
by using Jacobi method as method of solution because it is easy to
program and accurate. A computer program (Math Lab) has been used
in order to Facilitate the solution because it is contain already
comments specialized to solve the vibration problems. Finally, finding
the final results gave a good vision to forecast the failure of the
machine that could caused either by errors in design or operating
conditions.

Key words : Torsional vibration, Torsional frequency, Torsional
torque, Rotary machines, Torsional drives, Torque amplification
factors, Dynamics of winding drives, Jacobi method.
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1. INTRODUCTION

Vibration of a physical structure often is thought of in terms of model consisting of a mass
and a spring [1]. The vibration of such a model, or system, may be free or forced. In free
vibration, there is no energy added to the system but rather the vibration is the continuing
result of an initial disturbance. In a real system, energy dissipation causes the amplitude of
free vibration to decay continuously to a negligible value. Such free vibration sometimes is
referred to as transient vibration [2]. Forced vibration continues under steady-state
conditions because energy is supplied to the system continuously to compensate for that
dissipated in the system. The forcing frequency at which energy is supplied appears in the
vibration of the system. The vibration of the system depends upon the relation of the
forcing frequency to the natural frequency. This relationship is a Prominent features of the
analytical aspects of vibration [2].

The technology of vibration embodies both theoretical and experimental facets
prominently. Thus, methods of analysis and instruments for the measurement of vibration
are of primary significance. The results of analysis and measurement are used to evaluate
vibration environments, to devise testing procedures, and testing machines, and to design
and operate equipment and machinery [3]. In this work the objective is to eliminate
vibrations or reduce their severity or, alternatively, to design equipment to withstand their
influence. The wide phenomenon in vibration arms in mechanical transmission is the
torsional vibration. Therefore the theory torsional vibration and its applications have
reached large expansion of this branch was due to practice needs [4].

Torsional vibration involves angular oscillations of the rotors of a machine. Dynamics
problems associated with rotary machines drive system generally result from the torsional
vibrations. The torsional vibration problem arises when the natural frequencies of a system
and/ or its components are within the operating range of the system, critical speeds may
exist in which dynamic effects are predominant and give rise to large amplitude vibration.
These vibrations can have a detrimental effect on fatigue life, regulating system
performance, product quality and noise levels. For large rotating machinery the mechanical
system consists of several rotors that are connected by relatively shafts and couplings. For
example, Figure (1) is the photograph of the drum of winding machine.

It has the large diameter rotor bodies section and relatively flexible shafts extensions.
Each rotor in the system has oscillated following a torsional disturbance to the machine
about its rotational axis, resulting in twisting in the shafts and to a lesser extent in the large
diameter rotor bodies themselves. For some machines involving geared rotor connections,
for example, there are many several rotor axes of rotation. The twisting oscillations
following several torsional disturbances to the machine may be sufficient to cause fatigue
damage to the shafts of the machine and the other components [2] .

In the design of rotating machinery, torsional vibration analysis is vital for ensuring
reliable machine operation. If shaft and rotating component failures occur on these large
machine as a result of shaft torsional oscillations, the consequences can be catastrophic. In
the worst case, the entire machine can be wrecked as a result of the large unbalancing
forces that can arise following shaft separation and turbine blade failures, and this has
actually occurred. There is also potential for loss of human life, for these reasons great
attention is generally taken at the design stage to ensure that high-speed rotating machines
have the required torsional capability.
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Figure (1): Photograph of Drum of Winding Machine [5].

2. EXPLANATION OF THE SYSTEM

2.1 Defining the problem

The equipment arrangement of a modern winding machine is shown in Figure (1)
consisting of several stage of gear boxes in order to control speed either reduction or
magnification, because level of speed is controlling the wind quality of the cable. Also,
there are large pulleys in order to organize the tension and reduce the diameter of the cable
as final process. From a mechanical point of view, the determination and correction of
responses of the system began with an evaluation of each individual stand considered as a
separate entity. As the operation proceeds through each of these stands, at different speeds,
each stand in turn is subjected to the initial different speed operation. At the instant of
operation, each of these stands can be considered an integral system, consisting of all
rotating components-rolls, pulleys, gears, motor rotors and their interconnecting shafts,
couplings and spindles. With due regard for the composition, size, shape, dimension, and
strength of all parts, the task at hand is to determine the response of each of these
mechanical systems to the load imposed at the instant of operation.

2.2 Physical analysis of the system

To reduce the problem to a manageable form, many of these contributing factors must be
assumed to have minor influence on the character of the behavior of the drive train.
Fortunately, there is an abundance of technical literature dealing with the construction of a
suitable physical model [6, 7, 8].

Most of this development is devoted to the consideration of steady- state vibration, the
usual concern in reciprocating engine and compressor drives, but is equally applicable to
the investigation of transient torsional vibration. This phase of the analysis is, consequently,
clear-cut and can be relied upon to yield precise information about the natural frequencies
of the system, the stresses which will occur as a result of torsional deflection at various
stations and to suggest possible changes which can be made to reduce the torque

87



Analysis of Torsional Vibrations of Rotary Winding Machines A. S. Alhunaishi

amplification factors which exceed specified values. The resolution values of all actual
components of the drive into their physical is shown in Figure ( 2).

Figure 2 : Layout of a Rotary Winding Machine [9].

This is a sample layout of a production line of rotary winding machine. There is one
motor that has operated the production line and are has rated power up to 90 KW and also
there are gear boxes control the speeds. Each gear box has played an important role to make
speed at each portion in the line of production as independent. The shafts of the system are
made of steel structure A-36 and employed for motion transmission between different
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stages and connected by means of pin bushes ( flexible couplings) which are used elastic
sleeve pin couplings instead of attachment bolts. Through the sleeve pin is usually oil
resistant rubber. Also this winding machine has braking system, the system has contained
two wheel drums, each one has capacity to be loaded with eight cable pulleys [5].

2.3 Mechanical analysis of the system :
To adapt the physical drive system shown in Figure ( 2 ) to a system may be validly
modeled as a series of concentrated inertias connected by massless torsional springs and
dampers. A typical block diagram model of a rotary winding machine is illustrated in
Figure ( 3 a ). In order to make an analysis the complete rotary winding machine drive
shown in Figure ( 2 ) is reduced to an equivalent spring mass system as shown in Figure ( 3
b).

The drive system is transformed into a single line spring mass system by the application
of fundamental equations of mechanics, Some of which are given as :
a ) for ease of analyzing the motor parts, choose the motor shaft speed as the base speed and
designate the other shaft speeds as ((n)) where ((n)) equals the speed ratio of the other
shafts with respect to the base .
b ) multiply all springs and inertias by n? . The effective stiffnesses of the shafts or
couplings on the high speed side of a gear box, referred to the low speed is the actual
stiffness multiplied by the gear ratio squared.

GJ
1. K= Tp , K is the torsional stiffness of the shaft in N.m / rad

e G isthe modulus of rigidity of the shaftin N/ m?

(G=75x10° N/m?, for steel structure A -36) [5].
e L isthe length of the shaft in m.

4
. Jp= n D
32
Jp is the polar area moment of inertia of the shaft in m* .
Ds is the diameter of the shaft in m ( Ds = 0.075 m, for all shafts )[5].

P PZ7
K, 3EJ
e vy isthe bending deflection of the gear teeth measured on the pitch circle in m.
(no slippage, i.e., no shear deflection ).

P is the circumferential force on the gear teeth in N.
. K -3E

£3

K is the Stiffness of gear tooth in N / m.

E is the modulus of elasticity of the deflected tooth in N / m2,
(E =210 x10° N/ m?, for steel )[5].

£ is length of the deflected tooth in m.
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64

J is the diametral area moment of inertia of gear in m*.
Dy is the pitch circle diameter of the gear in m.

GlJ 2
Ka="1"=7 - 1
Leq R —
Ktl KIZ
Keq is the equivalent rigidity of the transmission teeth of gears in (N.m) / (rad) .
(G =80 x10° N/ m?, for steel of gears )[5].
r1 is the pitch circle radius of the first driver gear in m.
e Ky isthe stiffness of first meshed driver gear in N/ m.
o Ky, isthe stiffness of Second meshed driven gear in N/ m.

1 1
Gl (—+—)

G Jp Ky Kgp
o |_eq = ” = >
eq r1
e L isthe reduced length of an equivalent shaft in m.
R2
4. I =m Kg =m —
e | isthe polar mass moment of inertia in kg.m? .
e m isthe mass of the rotating part in kg.
R2
e KZ=—
2

o K, isthe radius of gyration of the rotating part in m.
e Risthe radius of the rotating part in m.

5. c=2&,JKI =28,

e C s the viscous damping coefficient in (N.m) / (rad/s).

_ <
a_CC

€ is the damping ratio factor in dimensionless.

( & =0.8 for the designed winding machine)
K
2 —

2= —
|

® s the natural frequency of the rotating part in rad / s.

C.=2+KIl=2w,1

e
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e Ccisthe critical viscous damping coefficient in (N.m) / (rad/s).

6. Two springs in series K; and K can be represented by an equivalent spring.

1
K =
1 1
- + .
Kl K 2
7. Two springs in parallel K; and K can be represented by an equivalent spring K .
K=K;+K;

8. Rotational spring constant K of a hollow circular shaft of outside diameter D, ,
inside diameter D; and length L.

K:G‘]op_G‘]ip:Gn(D;‘_DiA‘)
L L 32L
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Figure (3): An Adapted Block Diagram Model of a Rotary Winding Machine.

2.4 Mathematical Analysis of The System
From point of view of mathematic analysis of general torsion system of the rotary winding
machine system there is but no difference between subsidiary flexible bindings and the
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Ferms_that describe so called branching of the system, example due to influence of gear-
ms?l'rlzlg rclilerivation of equations of motion of the mathematical idealized model of rotary
winding machine system shown in Figure (3 b) can be obtained by applying Lagrange's
equations or by applying Newton's second Law. Thus the equations of motion of the
winding machines system shown in Figure (3 b ) are :
L O,+K (01-02)+Ke(O1-05)=+Tu
1,05+ Ki(02-01)+Kag(02-03)=0
ls O3+ Creq (03- 04) +Kaeg (05-02)+Ks(035-04) =0
e 04+ Creq(04- 03)+Casq(04- 06)+Ks(0 4 0 3)+Kueg( O 2~ 05)+Ks( 04- 06)=0
ls 05+ Keeq (05-04)=0
ls ©6+ Caoq (06~ 04) +Ks (05- 04)+Keeg (06-07)=0
07+ Keeg (07-05) = 0
ls O+ Ke( 0g-01) +Koeg(0g-09) = 0
lo O9+ Caeq (00~ 010) + Koeg (09~ 05) + Ko (Os- 010)=0
10 010+ Caeg (010~ 09) +Kio (010~ 06) +Kuzeq (O 10- 011) =0
it 011+ Kiteq (011~ 010) +Ki2 (0 11- 012) =0
2 0124+ Kiz (0 12- 011) + Kiseq (012~ 015)=0
I3 0 13+ Kuseq (0 13- 012) + Ko (015~ 014) =0
e 010+ Ko (010~ 015) + Kiseq ( 010~ 015) + Kiseq (014~ 015) =0
lis 0 15+ Kuseq (O 15- 0 1) = Ty
lis 016+ Kiseq (0 16- 014) =Tz oo (1)

The above differential equations second orders with constants coefficients can be written

in matrix form as follows :-

MO + CO +KO =F(t) ...... (2)

Where,

M is a diagonal matrix mass moments of inertia.
C is a symmetric damping matrix.

K is a symmetric stiffness matrix.
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0 is a vector angular displacements of the masses.
0 is a vector angular velocities of the masses.

0 is a vector angular accelerations of the masses.
F(t) is a vector excited torques.

3. SOLUTION OF THE PROBLEM

For low speed motors the problem of torsional vibration of a shafting system is usually
ignored, because the torsional natural frequencies of a shafting system are much higher
than its operating speed so that their effects can be ignored. However, for high speed
motors, their effects cannot be ignored and have to be completely studied; and our problem
on the rotating winding machine one of this type. Such problems supply calculation
mathematical models with many degrees of freedom as shown in Equation (1) that can be
solved using numerical techniques and computers and there are many suitable methods to
solve the problem such as Holzer method and Jacobi method [10], whereas Holzer method
is in fact a systematic tabulation of the frequency equation of the vibratory system, method
of determining the shapes and frequencies of torsional modes of vibration of a system and
in this work used Jacobi method because this method is an algorithm for determining the
solution of the system of linear equation with largest absolute value in each row column
dominated by the diagonal element. Otherwise it is method of solving matrix equation on a
matrix that zeros along its main diagonal. Advantages of the Jacobi method are easy to
program and accurate; so that this method is explained in the following article.

Jacobi Method: The free vibration equation for an undamped system is obtained from
the general Equation (2), when F(t) and C are absent.
Therefore :

Consider the real eigen value problem with given symmetric matrices K and M with M
positive definite, hence the problem is to determine the eigen vectors v, and the eigen

values ? (r=1,...,n) which satisfy

Where (n) are the real roots for o> If K is singular, at least one root is zero. If K is
positive definite all roots are positive. The (n) roots determine the (n) natural frequencies of
the system. When a natural frequency @  is known, it is possible to return to equation (4)
and solve for the corresponding vector v, to within a multiplicative constant.

There are (n) independent vectors v, ( r = 1, ... ,n ) corresponding to the (n) natural
frequencies ®,(r=1, ..., n) which are known as eigen values. The complete solution to

the eigen value problem of Equation (4) consists of (n) eigen values and (n) corresponding
eigen vectors. These can be assembled compactly into matrices. Let the eigen vectors v,
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corresponding to the eigen value @ f have elements V; (the first subscript indicates which

row, the second subscript indicates which eigen vector ). The (n) eigenvectors then can be
displayed in single square matrix V, each column of which is an eigenvector.

Where j=1,...,n and r=1,...,n
The matrix V is called the modal matrix for the eigen value problem, equation (4).

The (n) eigen values (of can be assembled into a diagonal matrix €22 which is known as
the spectral matrix of the eigen value problem, Equation (4).

~

Q2 =[] ...... (6) -

By using the modal and spectral matrices it is possible to assemble all of these relations
into a single matrix equation :

Equation (7) provides a compact display of the complete solution of the eigen value
problem, Equation (4). By premultiplication the both sides of Equation (7) by VT and after
arrangement, it has reduced to :

VT KV
m = Q2 ... (8)

The problem of Equation (7) is reduced to an eigen value problem for a simple
symmetric matrix A = M2 K M2 with modal matrix U = MY2 V as follows :-

KV=MV Q2
K M-1/2 M1/2 V = M1/2 M1/2 v QZ
(M-llz K M-l/z ) (Mllz V) = (M1/2V) Qz
AU=UQ2 ... (9)
The solution of this eigen value problem, Equation (9) provides the spectral matrix €22

of the original problem. The modal matrix U has the property that its columns are
normalized so that :

Ur Uy =1,ie.,U"=Utand UT=U
By post multiplication the both sides of the Equation (9) by U7, it has reduced to :
AUU =U Q22U
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AUUl=U Q2UT
A=Al=U Q2UT ... (10)
Where, | is identity matrix or a diagonal unit matrix.

The basic computational operation in this method is the resolution of a single symmetric
matrix A into its modal matrix U and its spectral matrix €22 according to the relations

shown in Equation (10). Where €22 is a diagonal matrix of the eigen values (x)f, and the

columns U are the eigen vectors U, for the eigen value problem shown in Equation (9) .
Also, we can say that by premultiplication the both sides of Equation (9) by UT, it has
reduced to :
UTAU=U U Q?
UTAU=UtU Q?
UTAU=1Q2=0Q2 ... (11)
In comparison Equation (11) to Equation (8) we have deduced that :

VIMV=1l and VT K V= Q2?2
To obtain the modal matrix V of the original problem in Equation (7), it is necessary to
perform the matrix multiplication :

V=M®2U ... (12)

which follows from inverting the definition of U. It remains to indicate how the resolution
of Equation (10) is obtained by successive rotations.

4. RESULTS OF THE SOLUTION

By substitution all the values of the parts of the system and by solved it numerically by
Jacobi method which is programmed by Math-Lab program we get the results for
determining the frequencies, eigenvectors, and plotting the eigenvectors against the
distances of the system [9].

A) The input data :
a ) The constants data of the system, the mass moments of inertia matrix, the damping
coefficients matrix and the stiffness coefficients matrix.
b ) The size of square matrix A =M?2 =112
Where M =1 is the mass moments of inertia matrix.
¢ ) The size of square matrix C=A*K..
Where K is the stiffness matrix .
d) The size of square matrix D=C* A.
e ) The distances between the masses .
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B) The output data :

1) The output data are :-
a) The eigen values squared (Lam) ( natural frequency squared ) in ( rad/s )2.
b ) The eigen vectors ( V), ( mode shapes ) modal matrix.
¢ ) The eigen values ( E ) ( natural frequencies in diagonal matrix ) spectral matrix in (
rad/s ).

lam =
1. 0e=0048 =

27285
08348
05110
0.4893
0.3307
0.28%6
0.0632
0.0338
00016
0.0014
0.0003
0. D0
00000
0.0000
L0000
0. 0000

Ve Column 16

0.0000
0.0000
00000 -0.0000 00073 00000 -0.0036 00000 00000 -00000 02262 -0 1198 01022 09602 00254 00335 00172 0,0000
0.0000 00000 -00000 00000 09744 -0.0003 -0.0000 -00000 00678 0209 00057 -0.0450 -00013 00016 00008 0.0000
00000 00000 00000 -00000 02249 00001 00000 00000 02074 09100 00233 -0.1798 00052 0.0065 00031 yaan,
00000 00001 -0.0000 00000 00002 09999 00000 00000 00000 00001 00000 0.0005 -00138 00077 -0.0033 0.0000
00000 -0.0000 00000 -00000 -0.0000 00162 -00000 -00000 -00001 -0.0005 -0.0001 00353 08511 04757 -0.2188

00000 -0.9999 00000 00000 00000 00001 00000 00000 00000 00000 0.0000 -0.0000 00063 0.0082 -0.0067 -0.0000
00000 00123 00000 -0.0000 00000 00000 -00000 -00000 -00000 -0.0000 -0.0000 -0.0001 05114 06640 -0.5435 -0.0000
0.0000 00000 -09720 00057 -00000 00000 00000 00000 02124 -D0778 -0.0173 -0.0444 -0.0012 00016 00009  -0.0000
00000 00000 02312 -00003 00000 -00000 00000 00000 08962 03261 00740 -0.1773 00046 00064 00035 .0 0000
00000 00000 00054 09704 -00000 00000 00026 00007 00200 00083 02394 00217 0.0004 00015 0.0014 40000
00002 0.0000 00013 02414 00000 00000 00089 00024 00842 00349 09622 00866 00016 00060 00058 e
06912 00000 00000 00002 00000 00000 -07152 -01030 00006 -0.0003 00070 00006 -0.0002 -00010 -0.0014 20000
07226 00000 00000 00003 -0.0000 00000 -06838 -0.1007 00006 -0.0002 00064 00005 -00002 -0.0010 -0.0014 :
20016 0.0000 -00000 00000 0.0000 00000 01441 09889 00001 -0.0000 00010 -00010 -00041 -00203 00286  -0.0000
0.0000 -0.0000 0.0000 0.0000 -0,0000 00000 -00019 00250 -00001 00000 -0.0038 -0.0227 -0.0814 04069 -0.5716 <0.7071
00000 -00000 00000 0.0000 00000 00000 -00019 00250 -00001 0.0000 -0.0038 -0.0227 -0.0814 04069 -0.5716  0.7071

Columns | through 15
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L.' =

1.0e+009 *

Columns 1 through 15 Column 16

2.7285 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0.8348 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 05110 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 04893 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 03307 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 02886 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 00632 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 00338 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0.00i6 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 00014 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 00003 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0.0000 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0.0000 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0.0000 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0000 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0000

2) The plotting of mode shapes against the distances between the mass moments of

inertia of the system .
a) Before any modification changed of the stiffness of the shafts between the mass

moments of inertia .
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Corresponding Mode Shapes Before Modification
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b) After modification changed of stiffnesses of the shafts between the mass moments of
inertia.

MODIFICATION TO DETERMINE THE SUITABLE DESIGN :

When we changed all shafts of the system for propose of design modification in order to
select optimum stiffness of shaft, it has been noted that no notable change in amplitude
along the entire system i.e. shafts design is accurate, except change in stiffness of the shaft (
Ks ) which is located between masses number ( 3 & 4 ). The shaft ( K; ) changed by
addition ten percent and subtraction ten percent from value of its stiffness and can be seen
that changed in the figures (graphs) below.

Corresponding Mode Shapes After Modification
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1. Desiccation

The mathematical model, Equation ( 1) of the mechanical model is shown in Figure ( 3b
) are solved by Jacobi method using personal computer with Math-Lap program [10]. The
solution of this model was done in two ways:

1. Considering the model without influence of modification of stiffnesses of shafts

and plotting the results in the figures (4 to 19 ) where these figures are presented
the relationship between the different distances of the shafts of the system and
their responses amplitudes.
These relationships are expressed the torsional torques in each shaft of the system,
that is expressed the torque amplification factors in each shaft of the system,
whereas this torque amplification factor is the main source to failure the system
especially when it is bigger, that is out of the operation condition of the system.

2. Considering the model with influence of modification of stiffnesses of shafts by
changing each shaft in turns by increasing and decreasing its stiffnesses by ten
present of its original values and plotting the results in the figures (20 to 35).

By comparison the results from the figures before modification, figures ( 4 to 19 ), to the
results from the figures after modification, figures ( 20 to 35 ), we have got that the results
are same except in the shaft ( K3 ). Therefore this shaft must remove from the system by
another suitable one to avoid the failure of the system completely.

2. Conclusion of the Results :

For the solution of the problem one first of all define the problem estimate the physical
system and then the mechanical system to ease the system to analyze in form of
mathematical model for aim of computations and results.

The mathematical model, a powerful tool, has proved valuable in predicting the overall
dynamic behavior of drive systems of rotary winding machines. Figure ( 3-b ) shows an
arrangement of spring mass system of the drive system of the rotary winding machines.

Stated differential Equations (1) of a torsional drive system form the base of
compilation of a program of numerical solution on computer. After allocation of individual
constants one can numerically solve the transient states of regulating loop for the change of
stiffnesses. By means of these calculations it is possible to optimize variable parameters of
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regulating loop and to set in this manner the optimum regime of the whole torsional system
of the rotary winding machine drive.

We have chosen Newton's second law method [2] for the theoretical analysis of
vibration of the system for assemblies of equations of the torsional systems, and Jacobi
method [10] for solution of these equations. The program of numerical mathematics was
used here in Math-Lab programming language[9]. The calculation was done by means of a
PC computer.

There were analyzed the responses of the drive of the system without and with change of
characteristics of the shafts. At the same time all the results of the solution were compared.
The useful result for the design procedure is obtained from the plotting of the relative
amplitude values on the mass-elastic system diagram shown in the figures ( 20 to 35).

These plotted points join with a line ( this line is called the normal elastic curve ) Where
this line crosses the line representing shaft torsional stiffness ( really it represents torsional
flexibility as it is drawn to a length between masses inversely proportional to torsional
stiffness ), this is a nodal point ( point of zero torsional amplitude ).

The shaft portion which has the nodal point is the shaft which have the largest vibratory
vibration torque for that mode of vibration. For each natural frequency the number of
nodes equal the mode number.

The location of the nodal points indicates which shaft sections have the major effect
upon the frequency of that particular mode of vibration.

From stated calculations it is obvious that the importance of the influence of changing of
shafts stiffnesses may lead to incorrect results. It is clearly seen that the non respectation of
this changing may be substantially influence the course of investigated magnitudes so in
quantitative manner as also the character of behaviour of the system .

Hence for unambiguous reply to question at what conditions and how significantly
comes to force the influence of changing stiffnesses of shafts to the dynamics of the
system, more through experimental investigations are needed.

Following the simple design procedures presented here will remove much of the mystery
in finding a solution to torque amplification factor problems. Improved operating and
maintenance procedures and increased use of automated rotary winding machine systems
will afford additional major improvements in this area.

Now we conclude that the methods of vibration control may be grouped into :-

1. Reduction at the source by balancing of the moving masses, balancing of

magnetic forces and control of clearances.

2. Isolation of source and isolation of sensitive equipment.

3. Reduction of the response by, alteration of natural frequency, energy dissipation

and auxiliary mass.

The method and results of this work must be nevertheless considered only as a small
step one of many leading to more detailed recognition of dynamic actions and events of
changing of stiffnesses of shafts .

Also as to the problem solved in this work it is necessary to complete it by just a set of
following tasks. So example, there will be necessary to solve:

1. The set of equations equation (1), with consideration of damped gears.

2. The system without reduction.

3. The system with consideration of effect of backlash in the gears on the system.

4. The system with consideration of the linear responses.
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With the results in this work one can state that the used methods are generally suitable
for investigation of the torsional vibrations of drives of other types of arrangements.
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ABSTRACT

A total of 50 actinomycete isolates were isolated from different
locations in Yemen (Sana’a, Taiz, Ibb and Alhodida). Agar disc
diffusion method that used for screening antibacterial and antifungal
activities were more effective and give better results than agar well
diffusion method. Antibacterial activity of isolates was more effective
than antifungal activity. All five selected isolates for study were active
against Bacillus subtilis, Staphylococcus aureus, Escherichia coli,
Candida albicans and Microsporium canis. According to taxonomy of
actinomycetes (Morphological, physiological, biochemical and
chemotaxonomy characters), all selected isolates were identified as
members belonging to genus Streptomyces (S. glaucescenes, S.
luridus, S. antibioticus, S. exfoliatus and S. filipinensis).

INTRODUCTION

Actinomycetes constitute a significant proportion of the microbial population
in most soils and their viable count often exceeds 1 million per gram
(McCarthy and Williams, 1990). Among soil inhabitants, actinomycetes and
specifically, Streptomycetes are of practical importance because they produce
most of the useful natural antibiotics for medical use (Taddei et al., 2005).
Actinomycetes have the ability to synthesize many different biological active
secondary metabolites such as antibiotics, herbicides, pesticides,
antiparasitic, immunomodulators and enzymes (Moncheva et al., 2002;
Oskay et al., 2004). More than 50% of the known natural antibiotics
produced by actinomycetes. They are a proven source of structurally diverse
secondary metabolites possessing broad ranges of biological activities.
Example include antibiotic (erythromycin and tetracycline), anticancer
(mitomycin and daunomycin), immunosuppressant (rapamycin and FK506)
and veterinary agent (thiostrepton and monensin) (Miyadoh, 1993; Moore et
al., 1999).
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MATERIALS AND METHODS

1. Sampling procedure:

Soil samples were collected from different location in Yemen (Sana’a, Taiz, Ibb and
Alhodida). The samples were taken from up to 20 cm depth, after removing approximately
10 cm of the soil surface. The samples were placed in sterile plastic container (Aghighi et
al., 2004).

2. Isolation of actinomycetes:

Isolation of actinomycetes was performed by soil dilution plate technique using starch
nitrate agar. Plates were incubated at 28°C for 14 days. The isolates were enumerated and
selected for further study (Aghighi et al., 2004).

3. Screening of actinomycetes for antimicrobial activity:

-Test microorganisms as bacteria (Bacillus subtilis NCTC 10400, Staphylococcus
aureus isolated from wound and Escherichia coli isolated from urine) and fungi (Candida
albicans MTCC 227 and Microsporium canis isolated from hair).

- Antimicrobial activities of actinomycetes performed by agar disc and well diffusion
methods. Antagonistic activity was measured by the size of the inhibition zone (Pisano et
al., 1992; Tepe et al., 2004).

4. ldentification of bioactive actinomycete isolates:

I. Actinomycete isolates characters:

Five actinomycete isolates were selected according to the maximum bioactive activity

and characterized by the following characters:

a. Morphological characters:

e Cultural characters: morphology and color of the spores were observed by
inoculating the isolates on starch nitrate agar and incubated at 28°C for 21 days
(Shirling and Gottlieb, 1972).

e Spore chain morphological characters: were determined by cover slip technique
according to the categories of Pridham et al., 1958 which modified by Shirling and
Gottlieb, 1966.

e Spore surface ornamentation: was studied by scanning electron microscopic
according to (Tresner et al., 1961; Dietz and Methews, 1971).

e Melanin pigment production: peptone-yeast extract-iron agar and tyrosine agar
was used for the detection of deep brown to black melanin diffusible pigment
(Shirling and Gottlieb, 1966).

b. Physiological and biochemical properties:

e Growth at different temperatures: temperature for the isolates growth was
determined on starch nitrate agar media at 25, 30, 37 and 45°C (Kokare et al., 2004;
Dastager et al., 2006).

¢ NaCl tolerance of the isolates: were determined on starch nitrate broth containing
sodium chloride ranging from concentration 0-10% (Kokare et al., 2004; Oskay et al.,
2004).

e Antimicrobial activity: was determined by agar well diffusion method using two
Gram +ve bacteria (Bacillus subtilis, Staphylococcus aureus) and one Gram —ve
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bacteria (Escherichia coli), fungi (Microsporium canis) and yeast (Candida albicans)
as test microorganisms (Tepe et al., 2004).

Degradation of different substrates: hydrolysis of starch according to Collins et al.,
1995, pectin hydrolysis according to Shejul, 1998, degradation of lecithin according
to method used by Kanavade, 2003 and degradation of lipid according to method used
by Deshmukh, 1997.

Sensitivity to different antibiotics: actinomycete isolates were tested for antibiotic
sensitivity in the presence of antibiotics as neomycin (30 pg), penicillin G (10 units),
novobiocin (30 pug), ampicillin (10 pg) by method described by Kokare et al., 2004.
Nitrogen utilization of the isolated actinomycetes: was determined by growth on
basal medium supplemented with 0.1% nitrogen sources such as L-cystein, DL-
phenylalanine, L-tyrosine, L-arginine, L-valine, L-histidine and sodium nitrate
(Langham et al., 1989).

Carbohydrate utilization of the isolates: was determined by growth on basal
medium supplemented with 1% carbon sources such as D (+) sucrose, melibiose,
xylose, lactose, D- fructose and rhammnose (Shirling and Gottlieb, 1966).

. Chemotaxonomic characters: isomers of diaminopimelic acid in the whole cell

hydrolysates were determined according to the method Lechevalier and Lechevalier,
1970. Whole cell sugars were analyzed according to the method of Becker et al.,
1964; Becker, 1965.

Il. Identification of actinomycetes: by using Probability Identification of Bacteria
(PIB) computer software (Williams et al., 1989; Langham et al., 1989).

RESULTS

1.

Sampling procedure and isolation of actinomycetes: A total of 50 isolates of

actinomycetes were isolated from 6 soil samples (Table 1).

2.

Table (1): Count of actinomycete isolates from different location in Yemen.

Location Isolate code No of isolates
Aser-Sana’a, Yemen A 4
Pit poss- Sana’a, Yemen B 5
Hada- Sana’a, Yemen H 8
Alhodida- Yemen D 6
Taiz-Yemen T 14
Ibb- Yemen | 13
Total isolate - 50

Screening of actinomycetes for antimicrobial activity:

Fifty of actinomycete isolates screening for antimicrobial activity by agar disc and well
diffusion methods. The agar disc diffusion method was more effectiveness and gives better
results than AWD. Out of 50 actinomycete isolates, there were 31 isolates (62%) shown
activity against B. subtilis by ADD and 21 isolates (42%) by AWD. For S. aureus 29
isolates (58%) had activity by ADD and 19 isolates (38%) had activity by AWD. The
activity was low against E. coli, only 19 isolates (38%) was shown activity by ADD and15
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isolates (30%) showed activity by AWD. Only 11 isolates (22%) showed activity against
C. albicans by ADD and 10 isolates (20%) showed activity by AWD. Against M. canis, the
activity was very low, only 7 isolates (14%) showed activity by ADD and 4 isolates (8%)
showed activity by AWD. The results of the antimicrobial activity of actinomycete isolates
are given in table 2.

Table (2): Antimicrobial activity of actinomycete isolates.

Isolate Test microorganisms (inhibition zone in cm)
code B. subtilis S. aureus E. coli C. albicans M. canis
ADD | AWD (| ADD | AWD | ADD | AWD | ADD | AWD | ADD | AWD
As - - - - - - - - - -
A 1.8 - - 1.7 - - - - - -
As - - 19 | 18 - - 17 | 16 - -
As - - 1.7 | 16 - - - - - -
B: - - 1.9 1.8 - - - - - -
B> - - - - 1.9 1.6 - - - -
B3 2 1.8 - - - - - - - B
Ba 15 - 1.8 1.6 - - - - - B
Bs - - - - - - - - 2 -
D1 1.6 - - - - - - - - -
D> 2.6 - 2.1 2 - - - - - B
D3 2.5 2.3 1.8 1.6 - - - - - B
D4 2.4 - 1.9 1.7 - - - - - B
Ds 2.8 25 3 25 | 28 | 25 | 19 | 16 | 17 -
Ds 3 25 | 33 | 27 | 18 | 16 | 27 | 26 | 19 | 15
H1 3.4 3 35 3 35 | 34 | 25 2 2 1.6
H> 2.1 19 1.9 1.6 2 - - - - B
Hs - 1.6 1.7 1.6 2.3 1.6 2.1 1.6 - B
Hq 3.5 2.5 - - 3.4 2.5 2.1 - - B
Hs - - - - - - 1.9 1-8 - -
He 1.8 - - - - - - - - -
H7 3 25| 2.7 - - - 1.8 1.6 B B
Hs 2.8 2.5 - - - - 1.7 1.6 - B
11 - - - - - - - - - -
l2 - - - - - - - - - -
I3 - - - - - - - - 3 B
| 4 2.6 1.8 1.6 - - - - - - B
Is 2 - 2.2 - - - - - - -
ls 2.6 23 | 25 | 24 | 22 2 21 | 18 | 18 | 16
I7 2.8 - 2.2 - 3 - - - B B
Ig 2 1.6 - - - - - - - B
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lo 2.4 2 2 - 2.3 - 2 16 - -
l10 2.3 2 1.7 - - - - - - -
l1 3 2 2.4 2 19 | 16 | 16 - - -
12 2.1 19 | 26 - 22 | 138 - - - -
13 2.2 18 | 23 - 22 | 17 - - - -
T 2.2 16 | 25 - 25 | 19 - - - -
T2 1.7 - - - 2.8 2 - - - -
Ts 2.2 19 | 32 - 25 2 - - - -
Ts - - - - - - - - - §
Ts - - 2.6 - - - - - - -
Ts 2.1 19 | 22 | 19 2 17 | 19 | 16 | 18 | 17
Tz - - - - - - - - - -
Ts 2 15 | 25 | 16 | 15 - - - - -
To - - - - - - - - § -
T - - - - - - - - B B
Tu 1.9 - 2 2 - - - - B -
T - - - - - - - - B B
Tis - - 18 | 16 | 23 2 - - 1.6 -
T4 - - - - - - - - B B
ADD: Agar Disk Diffusion AWD: Agar Well Diffusion

3. Actinomycete isolates characters:

I. Cultural characteristics:

All five isolates grew on agar media showing morphology characters typical as
Streptomyces genus. Cultural characteristics of isolates on starch nitrate agar are
summarized in table (3).

Table (3): Cultural characteristics of five isolates on starch nitrate agar.

Characters . . Substrate | Diffusible
Growth | Aerial mycelium - -
mycelium pigment
Isolates
Ds Good White Violet Violet
Ds Good White to green Grey _
Hi Good Grey Brown _
le Good White Brown Dark
brown
T1o Good White to pink Orange Orange
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Il.  Morphological, physiological and biochemical characteristics:
The morphological, physiological and biochemical characters of five bioactive isolates
are summarized in table (4).

I11. Chemotaxonomic analysis:
Analysis of the whole-cell hydrolysate of five isolates showed the presence of a cell
wall chemotype | by presenting of L-DAP and no diagnostic sugars were found.

Table (4): Morphological, physiological, biochemical and chemotaxonomy characters of

five isolates.
.. Isolates
Characteristics Ds Do Hi s T

Aerial mycelium + + + + +
Spore chain character:

Spirals + + - - +
Hook - - - + -
Flexuous - - + - -
Spore surface ornamentation:

Wavy + - + ND -
Hairy - + - ND -
Spiny - - - ND +
Spore mass color:

White + - - + +
Grey - + + - -
Mycelium pigment red-orange + - - - +
Diffusible pigment produced + - + + +
Diffusible pigment yellow-brown - - + + -
Melanin production on media:

Peptone yeast extract iron agar - + - + +
Tyrosine agar - - - - -
Growth at:

Temperature:

25°C + + + + +
30°C + + + + +
37°C + + + + +
45°C + + + - -
NaCl:

NaCl 6% + + + + -
NaCl 8% + - + - -
Antagonistic activity:

B. subtilis + + + + +
S. aureus + + + + +
E. coli + + + + +
C. albicans + + + + +
M. canis + + + - +
Degradation of:

Lecithin + + + + +
Lipid + + + + +
Pectin + + + + +
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Xylan + - + + +
Urea
Resistance to:
Neomycin (30 pg)
Penicillin G (10 units)
Novobiocin (30 pug) - -
Ampicillin (10 pg)
Utilization of:
L-cystein
DL-phenyl alanine
L-tyrosine
L-arginine
L-valine
L-histidine
Sodium nitrate
D(+)sucrose
Melibiose
Xylose
Lactose
D-fructose
Rhammnose
Chemotaxonomy:
DAP L-DAP | L-DAP | L-DAP | L-DAP | L-DAP
Diagnostic sugar - - - - -

+
+
]

]

'

+
+
+
+

+ + + +

+
1
+
+

+ + A+ + o+ o+ o+ +
+ 4+ A+ + o+ o+ +

+ o+

+ 4+ ++ o+ o+
+ 4+

+, positive; -, negative; ND, not determined.

4: Identification of actinomycetes by PIB software: Table 5 show the identification
of actinomycete isolates by PIB software.

Table (5): Identification of actinomycete isolates by PIB software.

Isolate code Name

Ds Streptomyces glaucescenes
Ds Streptomyces luridus

Hi Streptomyces antibioticus
le Streptomyces exfoliatus
T Streptomyces filipinensis

DISCUSSION

From 6 soil samples collected from different sites in Yemen, 50 isolates of actinomycetes
were found. Actinomycete isolates were screened for antimicrobial activity by two
methods, viz., ADD and AWD. All isolates showed antimicrobial activity on ADD but
failed to do so in fermentation media. This was correlated with the morphology of the
culture. It could maintain filamentous form on the agar medium, while in the liquid medium
it fragmented into rods. This has suggested that the cell morphology plays an important role
in the production of antibiotics which recorded by Shomura et al. 1979. According to
antimicrobial activity and spectrum broadness, 5 isolates were selected and identified
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depend upon maximum antimicrobial activities. Morphological examination of the 5
isolates clearly indicates that these isolates belong to the Streptomyces genus (Waksman,
1961; Cross, 1989; Goodfellow, 1989; Lechevalier, 1989; Locci, 1989; Williams et al.,
1989). Further comparison of physiological and biochemical characteristics of the isolates
after used software PIB for identification indicated that the Ds is similar character to
Streptomyces glaucescenes (98%). Isolate Dg isolate as Streptomyces luridus (98%). In the
same manner, H; isolate was identified as Streptomyces antibioticus (98%), I isolate as
Streptomyces exfoliatus (98%) and Tio isolate as Streptomyces filipinensis (98%).
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ABSTRACT

This paper deals with the numerical solution of initial value
problems(IVPs), for stiff and nonstiff ordinary differential equations
by Quadratic Spline(QS) method. We convert a stiff and nonstiff
equations to volterra integral equations and reduce a second order
IVPs to a system of Volterra integral equations of the second kind .
The numerical results shown to verify the conclusions .A comparison
of the results generated from the QS formula was carried out with
some existing Runge-Kutta methods of variety of means including the
Geometric Mean method, the Contraharmonic Mean method, the
Centroidal Mean method, the Harmonic Mean method, the Heronian
Mean method, the Root Mean Square method, and the Arithmetic
Mean formula and were found to compare favourably well. Good
numerical results were obtained from the test examples and we
conclude with numerical examples to justify the effectiveness of the
QS method.

Key Words: stiff and nonstiff ordinary differential equation;
quadratic spline method; volterra integral equations of the second
kind..

1. INTRODUCTION

The quadratic spline Q(x) has continuous first derivatives at the knots
t, <t, <...<t,.
The objective in quadratic spline is to derive a second order polynomial

for each interval between data points(Chapra and Canale,1988,
DeBoor,20011)
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Q(X)  to<x<t
Q) t<xst,

Q(x) =
Q.00 t,<xs<t,
Q|+l QI _ 2 ' _
Where Q, (X) = 2(i+1—ti)( t)” +Q, (x—-t) +vy,. ..(LD

Which is continuously differentiable on the entire interval [t,,t, ].
There are three conditions which define the function Q(x) uniquely on [t.,t;.,]as given
in equation(1.1), they are:
1- Qi (ti) =Y
2- Qi(t)=Q;
3- Q'i (t.) = Q'i+1
Now, in order for the quadratic spline function Q(x) to be continuous and to interpolate

the table of data, it is necessary and sufficient that Q,(t.,;) =V,,, for i=1,2,...,n-1 in

equation(1.1) with Ql' arbitrary.

The result is:
Qmﬁy—ﬂ”lfguﬂ492+qﬁm—n)+w
So, we get:
Qin= —Qj +2H'”_ty'J , 1<i<n-1 .. (12)

This equation can be used to obtain the vector [Qll,Q‘Z,...,QIn]T starting with an

arbitrary value for Qll (Fogiel,1983).

This quadratic spline will be used to find the solutions of volterra integral equation of
the second kind as follows:

Q(N=AKX Q +B/(x) Q, +C,(x) Q. ..(13)

Where
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2
X—t
AX)= 1- (le ,

B(\)=1-A(x) |
1
Ci(X)ZH(X_ti) (X-t,) , h=t,-t
For the continuity of Q' we require that:

Qin= —Q'i-+§(Yi+1_Yi) , 1=12,.

Suppose now that Qp, Qy,..,Q, 5, Q0,Q1,..,Q 1 are known, then we put (1.3)
in (1.1) we get:

Q =9, +[ijj‘”r<(xr,y,A,-(y) Q; +B;(¥) Qi +Cj(y) Q; Jdyl+
j=0"
(1.4)

[KOGYA L) Qy +B4() Q +C,(3) Quy Ty

r-1

This equation will be solved by iterations, and the integrals in (1.4) are replaced by
Simpson’s 1/3 rule (Delves and Walsh,1988).

2. CONVERTING INITIAL VALUE PROBLEMS TO VOLTERRA
INTEGRAL EQUATIONS

Example 1) To convert the following I\VP to volterra integral equation:
dy
& =f (X! y) , y(XO) =Y (2.1)

We integrate (2.1) w.r.t. x from X, to x , we write:

y() = (%) = [t y()dt

Loy0) = Yo+ [ (L y®)dt

Xo
which is a volterra integral equation of the second kind.

123



Numerical Solutions of Stiff and Nonstiff Ordinary Differential Equations... A. A.A. Murshed

To reduce the initial value problem:

Example 2)
d 2y +Yy=C0S X
e y= 2.2)
. ¥(0) =0, @3)
y' 0)=0 (2.4)

d?y

to volterra equation , we let u(x) = dx? then integrate one to have:
d X

= Jumat +,

dx 9

with C1=0 after using the initial condition (2.3). We integrate this result again, using
integration by parts :

y(x) = i S u(t)dtds

Let u(s) = ju(t)dt and dv=ds
0

So, du=u(t) and v=s
X

y(x) =

{sj.u(t)dt}

_ xj‘u(t)dt—O—j's u(s)ds

u(t)dtds

O Ly 0

X —Is u(s)ds

0

O Ty <

(x—15) u(s)ds :.X[(x—t) u(t)dt

we get:
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y(x) = i(x —t) u(t)dt +c,

where we also have ©2=0 from using the initial condition (2.4),

X
y(X) = j (x—1) u(t)dt 25)
0
For the final result (2.5) to be an integral equation, we use (2.2) to have

2
y(x) = cos x—O| y—cos X —Uu(x)
dx

=

to substitute for the y(x) term outside the integral for (2.5) to become a volterra integral
_d%

equation of the second kind in u(x) = dx?2

cos x—u(x)= .X[(x—t) u(t)dt

u(x) =cos x —j(x —t) u(t)dt

To reduce the initial value problem :

d? d
Gz YOHRO YO +POYO =90

Example 3)

y@=y, y@-=y,

LUy =yt v, =y, Ve
yit) =y,(@t)
y2(t) = 9(t) — P.(t)y, (©) — P,(©)y, (t)

Integrate both sides over [a,x] we get:

V()= Yo + [ v, (bt

V.00 =y, + | 9Odt—[ ROy, Odt~[ P,@)y,0)dt

a a
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For more details about the relationship between ordinary differential equations and integral
equations and reduction of initial value problems to volterra integral equations see for
example(Jerri, 1985 ,and Wazwaz,1997) .

3. NUMERICAL RESULTS
In this section, we present numerical results when the problems(3.1-3.10):
(i) First order IVPs:

Problem 1 :
dy
==Xy , y(0)=0, 0=x<l, (3.1)
dx
X
Where the exact solution is  y(x)= € 2 ,
Problem 2 :
Yy ==Xy, y0)=1 , 0<x<I, (3.2)

XZ

Where the exact solutionis  y(x)= € 2 |

Problem 3 :
y ==y , y0=1 ,0<x<I, (3.3)
Where the exact solution is  y(x)= € * ,
Problem 4 :
dy _ X( 2 o
L =x(y=-x>+2) , yO=1 , 0x<l, (3.4)
dx
XZ
Where the exact solutionis  y(x)= X> +€2 |

(ii) Second order IVPs:

Problem 5 :
" 2 - )
y —2(cos(x—Yy))y=—sin x , y(0)=0,¥'(0)=0, 0=x<l, (3.5)
X
Where the exact solution is  y(x)=x &” |,
Problem 6 :
Y my =8 om0 Yo, osel (36)
- = - 1 = 1. ' = b —X— b .
2400
Where the exact solution is  y(x)=x,
Problem 7 :
" l 1]
y +e =—Z e | y0)=0 ,¥'(0)=1, 0<x<I , (3.7)
X

Where the exact solution is  y(X)=x,

126



TUJINAS, 2011 A(4) 121-131

Problem 8 :
Yy +y=-C0S X , yO)=0 ,v'(0)=1, O0<xI, (3.8)

1
Where the exact solution is  y(x)=(-1- 7 x) sinx ,

Problem 9 :
" 1 . 2 !
y —(——=sin(x-y))y=—C0s X ,y(0)=0 ,¥(0)=0 , 0<x<l , (3.9
X—y X
The exact solutionis: y(X)=1,

Problem 10 (Stiff system):
Vi =¥2

, V0=1, O0=x<1

_'!_":' = —1000 Vi — 1001 ¥2 7-11: (0):_1 (310)

Where the exact solution is  y(x)=¢e "~

are solved using the Quadratic Spline (QS) method and comparing the obtained results
with some methods including the Geometric Mean method, the Contraharmonic Mean
method, the Centroidal Mean method, the Harmonic Mean method, the Heronian Mean
method, the Root Mean Square method, and the Arithmetic Mean formula.

Tables (3.1-3.4) show the errors obtained by quadratic Spline method(QS), the fourth
order Geometric Mean(GM) (Sanugi and Evans,1988), the Contraharmonic Mean(CoM),
the Centroidal Mean(CeM), the Harmonic Mean(HM), the Heronian Mean(HeM)
(Ponalagusamy and Senthilkumar,2008), the fourth order Root- Mean-Square(RMs4)
(Yaakub and Evans,1993), and the third order Root- Mean-Square(RMs3) formula (Evans
and Yaakub,1993).

The error in the numerical solution using Quadratic Spline formula(QS) compared with
the exact solution are shown in Tables (3.5-3.6) .While the error in the numerical solution
using Quadratic Spline formulae(QS) compared with Arithmetic Mean(AM) in (Sanugi and
Evans,1988) and the exact solution are shown in Table (3.7).

Table (3.1) :Errors by using the various fourth order formulae for solving(3.1), h=0.1

Error Error Error Error Error Error Error Error
(QS) (GM)) (CoM) (CeM) (HM) (HeM) (RMS3) (RMS4)

0.10|1.26048E-05| 9.76569E-04 | 1.11026E-03 | 1.89784E-03 | 4.61308E-04 | 3.25467E-04 | 2.40415E-03 | 4.80117E-04
0.20|8.44982E-05| 1.13862E-03 | 1.41870E-03 |3.61521E-03 | 1.77921E-03 | 3.79466E-04 | 4.23212E-03 | 6.32071E-04
0.30|2.61854E-04| 1.25842E-03 | 1.63542E-03 | 5.46699E-03 | 3.34006E-03 | 4.19369E-04 | 6.13173E-03 | 7.38278E-04
0.40 |4.80859E-04| 1.37320E-03 | 1.83262E-03 | 7.57058E-03 | 5.16784E-03 | 4.57590E-04 | 8.25632E-03 | 8.34024E-04
0.50 |6.86416E-04| 1.49668E-03 | 2.03652E-03 | 1.00472E-02 | 7.34790E-03 | 4.98704E-04 | 1.07363E-02 | 9.32225E-04
0.60 (8.32555E-04| 1.63723E-03 | 2.26240E-03 | 1.30419E-02 | 1.00018E-02 | 5.45497E-04 | 1.37181E-02 | 1.04037E-03
0.70|8.51714E-04| 1.80192E-03 | 2.52252E-03 | 1.67370E-02 | 1.32907E-02 | 6.00329E-04 | 1.73823E-02 | 1.16442E-03
0.80 (6.76874E-04| 1.99809E-03 | 2.82906E-03 | 2.13690E-02 | 1.74269E-02 | 6.65642E-04 | 2.19601E-02 | 1.31026E-03
0.90 |2.05026E-04| 2.23419E-03 | 3.19578E-03 | 2.72486E-02 | 2.26918E-02 | 7.44258E-04 | 2.77540E-02 | 1.48449E-03
1.00|6.85999E-04| 2.52055E-03 | 3.63925E-03 |3.47902E-02 | 2.94617E-02 | 8.39629E-04 | 3.51664E-02 | 1.69504E-03
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Table (3.2) : Errors by using the various fourth order formulae for solving(3.2) , h=0.1

Error

(Qs)

Error
(G™m)

Error
(CoM)

Error
(CeM)

Error
(HM)

Error
(HeM)

Error
(RMS3)

Error
(RMS4)

1.23964E-05
8.21925E-05
2.38577E-04
3.89868E-04
4.64298E-04
3.86826E-04
1.14633E-04
3.99640E-04
1.14688E-03
2.14169E-03

8.99897E-03
3.86186E-02
8.78933E-02
1.56623E-01
2.44713E-01
3.52232E-01
4.79507E-01
6.27249E-01
7.96696E-01
9.89786E-01

1.11200E-03
1.37540E-03
1.49803E-03
1.54870E-03
1.55071E-03
1.51619E-03
1.45342E-03
1.36905E-03
1.26891E-03
1.15820E-03

1.87438E-03
3.39442E-03
4.72227E-03
5.81988E-03
6.64831E-03
7.18156E-03
7.41018E-03
7.34191E-03
7.00048E-03
6.42308E-03

4.44409E-04
1.64616E-03
2.83845E-03
3.89355E-03
4.74106E-03
5.33761E-03
5.66133E-03
5.70989E-03
5.49841E-03
5.05679E-03

3.00030E-03
1.28158E-02
2.88204E-02
5.03963E-02
7.67280E-02
1.06839E-01
1.39639E-01
1.73978E-01
2.08701E-01
2.42694E-01

2.38611E-03
4.01468E-03
5.38497E-03
6.49785E-03
7.32710E-03
7.85259E-03
8.06810E-03
7.98322E-03
7.62275E-03
7.02448E-03

1.04558E-02
4.03794E-02
8.98601E-02
1.58769E-01
2.47035E-01
3.54739E-01
4.82219E-01
6.30190E-01
7.99897E-01
9.93287E-01

L.S.E.= 6.65604E-06

9.79676E-01

1.34144E-06

4.12559E-05

2.55711E-05

5.89003E-02

4.93433E-05

9.86619E-01

Where L.S.E. is the least square error.

Table (3.3) :Errors by using the various fourth order formulae for solving(3.3), h=0.1

X

Error

(Q9)

Error
(GM)

Error
(HeM)

Error
(RMS4)

0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00

2.4564656542 E-03
3.2354527611 E-03
2.3240925411 E-03
1.4670367364 E-03
9.1548633227 E-03
4.4472418149 E-03
1.4984566722 E-02
4.3886188919 E-03
2.0869026894 E-02
8.6447411923 E-04

1.9032496497 E-01
3.8064989207 E-01
5.7269834478 E-01
7.6819388591 E-01
9.6887568598 E-01
1.1765141316 E-00
1.3929265755 E-00
1.6199933683 E-00
1.8596743170 E-00
2.1140257129 E-00

6.3432471495 E-02
1.1881582590 E-01
1.6697990177 E-01
2.0867354171 E-01
2.4457236439 E-01
2.7528579503 E-01
3.0136342481 E-01
3.2330076317 E-01
3.4154444095 E-01
3.5649691646 E-01

1.9032519311 E-01
3.8065039177 E-01
5.7269916566 E-01
7.6819508457 E-01
9.6887732690 E-01
1.1765162881 E-00
1.3929293308 E-00
1.6199968169 E-00
1.8596785659 E-00
2.1140308831 E-00

LSE=

8.0770627787 E-04

4.4691047147 E-00

1.2709005145 E-01

4.4691265746 E-00

Table (3.4) : Errors by using the various fourth order formulae for solving(3.4), h=0.1

X Error Error Error Error Error Error
(QS) (CoM) (CeM) (HeM) (RMS3) (RMS4)

0.10 3.77304E-05 3.32107E-03 5.66540E-03 9.74355E-04 7.19442E-03 1.43585E-03
0.20 2.52985E-04 4.21510E-03 1.06677E-02 1.13101E-03 1.25502E-02 1.87626E-03
0.30 7.74907E-04 4.81149E-03 1.58488E-02 1.24162E-03 1.79123E-02 2.16814E-03
0.40 1.39042E-03 5.32444E-03 2.14400E-02 1.34297E-03 2.36246E-02 2.41614E-03
0.50 1.90559E-03 5.82867E-03 2.76547E-02 1.44813E-03 2.99346E-02 2.65704E-03
0.60 2.15159E-03 6.36435E-03 3.47342E-02 1.56449E-03 3.70966E-02 2.91049E-03
0.70 1.89800E-03 6.96052E-03 4.29706E-02 1.69775E-03 4.54079E-02 3.19049E-03
0.80 9.24293E-03 7.64326E-03 5.27304E-02 1.85360E-03 5.52351E-02 3.50942E-03
0.90 1.08199E-03 8.43975E-03 6.44823E-02 2.03795E-03 6.70437E-02 3.88005E-03
1.00 4.46551E-03 9.38098E-03 7.88363E-02 2.25797E-03 8.14363E-02 4.31679E-03

L.S.E.= 3.64280E-05 8.80028E-05 6.21516E-03 5.09842E-06 6.63186E-03 1.86347E-05
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Table (3.5) : Error in the Quadratic Spline formula for solving (3.5), (3.6) , (3.7), h=0.1

Problem(3.5)

Problem(3.6)

Problem(3.7)

Exact

Error

Exact

Error

Exact

Error

1.1051709181E-01
2.4428055163E-01
4.0495764227E-01
5.9672987906E-01
8.2436063535E-01
1.0932712802E+00
1.4096268952E+00
1.7804327428E+00
2.2136428000E+00
2.7182818285E+00

4.0892668892E-04
3.1745627412E-02
5.3708781052E-03
5.9974701153E-03
6.2002966060E-03
7.0774082760E-03
1.6882995802E-02
3.0888552837E-02
5.1725040514E-02
7.6922128144E-02

1.0000000000E-01
2.0000000000E-01
3.0000000000E-01
4.0000000000E-01
5.0000000000E-01
6.0000000000E-01
7.0000000000E-01
8.0000000000E-01
9.0000000000E-01
1.0000000000E+00

1.6835016834E-04
1.3649860064E-03
1.0187040093E-03
7.1177997461E-04
3.1897561616E-03
7.5510633051E-03
1.3382929083E-02
2.1837427546E-02
3.3411198240E-02
4.9464869352E-02

1.0000000000E-01
2.0000000000E-01
3.0000000000E-01
4.0000000000E-01
5.0000000000E-01
6.0000000000E-01
7.0000000000E-01
8.0000000000E-01
9.0000000000E-01
1.0000000000E+00

1.6277911971E-04
3.2509953573E-03
1.8803306125E-03
4.0332157964E-03
1.1632268023E-02
1.2162892241E-02
2.2228621474E-02
1.9495365182E-02
3.3952977842E-02
2.5322625841E-02

L.S.E.= 1.0992933304E-02

4.2896865191E-03

2.9818645078E-03

Table (3.6) : Error in the Quadratic Spline formula for solving (3.8), (3.9) , h=0.1

Problem(3.8)

Problem(3.9)

Exact

Error

Exact

Error

-1.0049832501E-02
-2.0198653360E-02
-3.0445432706E-02
-4.0789120870E-02
-5.1228648502E-02
-6.1762926674E-02
-7.2390846994E-02
-8.3111281728E-02
-9.3923083912E-02
-1.0482608748E-01

1.6708702333E-07
5.0110315897E-09
8.2843359905E-07
2.0031598069E-06
3.5229601849E-06
5.3901333104E-06
7.6084206739E-06
1.0179976471E-05
1.3108402754E-05
1.6395700982E-05

1.0000000000E+00
1.0000000000E+00
1.0000000000E+00
1.0000000000E+00
1.0000000000E+00
1.0000000000E+00
1.0000000000E+00
1.0000000000E+00
1.0000000000E+00
1.0000000000E+00

4.1638904804E-06
8.2533006207E-08
4.1871317080E-08
2.1628329705E-07
4.3075488065E-08
2.8943668440E-07
1.2660893844E-07
3.6098208511E-07
2.0794959710E-07
4.3092950364E-07

LS.E.=

6.4836089974E-10

1.7854237555E-11

Table (3.7) : Error in the Quadratic Spline formula and the Arithmetic Mean formula for solving

AM

Exact Solution

Error of v,

M

Vs

0.10
0.20
0.30

0.50
0.60
0.70
0.80
0.90
1.00

(3.10), h=0.1
Qs
Errorof y, | Error of v, Error of ¥y

1.2672E-06 1.2672E-06 1.6258196410E-04
2.64E-07 2.64E-07 6.0258025769E-04
1.154E-06 1.154E-06 9.4427919339E-04
4.76E-07 4.76E-07 1.2162216217E-03
1.069E-06 1.069E-06 1.4254477474E-03
6.49E-07 6.49E-07 1.9536824184E-03
1.025E-06 1.025E-06 1.7907004613E+00
7.92E-07 7.92E-07 2.3614505812E+02
1.013E-06 1.013E-06 3.3784643524E+04
9.16E-07 9.16E-07 4.8220874845E+06

LSE .= 8.399503 E-12

1.6258196138E-04
6.0258119356E-04
9.4415394506E-04
1.2338599645E-03
1.1173258627E-03
3.6665157673E-01
1.7891750594E+03
2.3614668880E+05
3.3784641829E+07
4.8220874862E+09

9.0483741804E-01
8.1873075308E-01
7.4081822068E-01
6.7032004603E-01
6.0653065971E-01
5.4881163609E-01
4.9658530379E-01
4.4932896412E-01
4.0656965974E-01
3.6787944117E-01

9.0483741804E-01
8.1873075308E-01
7.4081822068E-01
6.7032004603E-01
6.0653065971E-01
5.4881163609E-01
4.9658530379E-01
4.4932896412E-01
4.0656965974E-01
3.6787944117E-01

4. CONCLUSION

Several examples were applied for illustration and good results were achieved. Good results

depend on the selecting of the initial value of Q and the initial value of the derivative.
From Table (3.1), it can be seen that the errors satisfying
QS <HeM <RMS4 < GM < CoM < HM < CeM < RMS3.
From Table (3.2), it can be seen that the errors satisfying
QS <HM < CoM < CeM <RMS3 < HeM < GM < RM$S4.
From Table (3.3), it can be seen that the errors satisfying
QS < HeM < GM < RMS3.
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From Table (3.4), it can be seen that the errors satisfying

QS < HeM <RMS4 < GM < CoM < CeM < RMS3.

Tables (3.5) and (3.6) show that the Quadratic Spline method performs better accuracy
compared with the exact solution.

Table (3.7) noted that the Quadratic Spline method gives the smallest error compared to
the Arithmetic Mean in (Sanugi and Evans,1988) formula. The results generated were of
high accuracy and have minimal errors. From the above results, it will be observed that the
QS method is appropriate for stiff and nonstiff problems.
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Diagnosis Barley Yellow Dwarf Virus-Pav Naturally Infects Maize In
Some Yemeni Governorats

ADEL AL-ANSI

Faculty of Agriculture &Veterinary medicine ,Dhamar University, Yemen.

Abstract
A survey to identify Barley yellow dwarf virus- PAV (BYDV- PAV, Luteoviridae)
affecting maize crop at different locations in Yemen (Sana, Dhamar and Ibb) was
conducted ,during September 2009. A total of 852 random samples and 61 samples with
symptoms suggestive of virus infection were randomly collected from 10 fields. Virus
diseases incidence was determined on the basis of laboratory testing of samples against
antisera of BYDV_PAYV virus by Tissue blot immunoassay (TBIA). Laboratory testing
showed that BYDV-PAV was identified in all fields maize-growing regions of Sana,
Dhamar and Ibb governorates with no different infection rates, and BYDV-PAV incidence
was 18% and 4.5% both random samples and the samples show symptoms of infection,
respectively. This is the first report of Barley yellow dwarf virus- PAV naturally infecting
maize crop in Yemen

Key words : Barley yellow dwarf virus-PAV « maize <survey« Yemen.
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