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INFLUENCE OF SOUND LOUDNESS ON THE REGISTRATION 

OF VERTICAL DIMENSIONS 
Rafah Habib Abdul Amir

1
  

1. College of dentistry, University of Al-Turath, Baghdad, Iraq 

ABSTRACT: 

Aim of study:  

1- To evaluate the effect of sound   loudness   on   the   vertical   dimensions,   and compare it with the swallowing. 

2- To evaluate the effect of sound loudnesson the closest speaking space. 

Materials and methods:  

160 Iraqi students consisting of 50% males and 50% females aged ranging from 18-21   years with certain criteria were included in 

this study; the rest vertical dimension was measured by using the "M" sound method in twointensities of sounds (whispering and 

normal speech). The closest speaking space was measured by using the S sound in two intensities (normal and whispering) in the 

same manner as the measurement of the M sound. 

Results:  

a. Swallowing   method give free-way   space varied between 1—4   mm,   majority of sample is of 2-3 mm. 

b. Phonetic   method   (whispering)   give   free-way   space   varies   between   1-6   mm (male) and 1-8 mm (female), majority   of 

sample was of 2-4 mm. 

c. Phonetic   method   (normal   speaking)give   free-way   space   varies   between   1-7 mm  (male)  and   1-8  mm  (female)  

majority  of  the  sample  is of 2-4  mm. 

Conclusions: 

1-it has been found that phonetic method even whispering give rest vertical dimension greater than swallowing method, and this 

comes in contradiction to the assumption of joint B. 

2-Sound intensity effect the rest vertical dimension. 
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The rest position of the mandible is important in dentistry but is difficult to determine exactly. Many factors affect the rest position 

of the mandible (Atwood, 1956); the lower jaw moves continually even when it is at rest (Landa, 1952); and the different methods 

used to determine the rest position produce different results (Wagner, 1971). The use of p h o n e t i c  in d e t e r m i n i n g  

p h y s i o l o g i c  rest p o s i t i o n  has been s t u d i e d  and employed for a longt i m e .  The part of phonetic that is of interest to t h e  

d e n t i s t  for determination of vertical d i m e n s i o n  is t h e  position of t h e  mandible d u r i n g  the formation of the various 

sounds {Silverman,   1951). 

The most popular sound used as an a i d  in determining rest position is the b i l a b i a l " m "  sound w h i c h  often leaves lips in 

contact, several prosthodontists u s e d  t h e  l e t t e r  "m" to o b t a i n  the rest position ( G i l l i s ,  1941; Atwood, 1966; Wagner, 

1971; Winkler, 1979). The sound "S" is t h e  s i b i l a n t  most f r e q u e n t l y  used and can be u s e d  c o n v e n i e n t l y  to 

d r a w  t h e  c l o s e s t  s p e a k i n g  line (Silverman, 1950, 1056).  Swerdlow in 1964 reported that t h e  phonetic method of 

establishing mandibular r e s t  p o s i t i o n  r e s u l t e d  'in c o n s i s t e n t l y  greater v a l u e s  as compared to the r e s u l t s  of 

swallowing procedure. 

Joniot B. in 1970 refer t h e  variation of phonetic methods from the other methods of o b t a i n i n g  r e s t  vertical d i m e n s i o n s  

to the   variation   of   the   i n t e n s i t y    of   the   sound,   he   c o n c l u d e    that   the measurement   of   the   r e s t     vertical    

d i m e n s i o n     to    be    correct    s h o u l d  be done when the subjectis whispering. 

This study was directed to verify the assumption of Joniot B. In addition, to s h o w  t h e  e f f e c t i v e n e s s  of s o u n d  

l o u d n e s s  on the closest speaking space. 

 

II. MATERIALS AND METHODS 

2.1. SAMPLE GROUPING: 

2.1     The      sample 

This   work   was    carried   out at   the   College   of   Dentistry,   University of Baghdad.  The samples consisted of (160) Iraqi 

students, 50% of each sex.  The age ranged from 18-21   years. Specification of the sample:- 

1- Complete    permanent    dentition,    with    the    exception    of    the    3
rd

 molar. 

2- No history of previous orthodontic treatment. 

3- Normal setting of the anterior teeth, no crowded or malpossed teeth. 
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4- Class I Angl’s classification (normal over bite and over jet). 

5- No history of abnormal habits. 

6- No clear facial asymmetry. 

7- No massive caries or restoration. 

8- Normal        pronunciation        of        the        letters,        especially        the 

Letter S.  

2.2       Materials 1-Dental chair. Head rest was not used. 2- Portable Sound Level and Noise Dose Meter Type 2219 as in (fig.3). 

It is   the   simplest   type   of   portable   measuring   instruments,   and   is   designed for one-handed offices to cheek   noise levels   

(Bruel and Kjaer, 1978).   It has the following specification:-A- Measuring Range: 35 to 130 dBB- Weighting Net work 

 

 

Figure 1:  

Method: 

* Each subject was seated on a dental chair in an upright position thehead rest was not used, the head of the subject was at 

the same level of the examiner vision, the position of the spine, neck, head, and the mandible during recording was natural with the 

eyes looking forward. 

* By indelible pencil, two points were put one on the mostanterior part of the nose, and the other on the middle of thechin. 

The subject were asked to occlude the teeth in centric occlusion,by the metal ruler measure the distance between these two points 

with slight pressure on the tissue, this give the occlusal vertical dimension (O.V.D.), andthe  measurement is  in  millimeter  (mm). 

2.3.1 Measurement of - Rest vertical dimension: 
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* The subject had been asked to relax, the instruction to the subject was: " I will askyou to swallow when you finish relax”. 
The average data of three successive measurements is recorded and considered as the rest vertical dimension. 

* In the same sitting with the same position the rest vertical dimension was measured by using the "M" sound method in 

two intensity of sound (whispering and normal speech). 

The instruction to the subjects was “I will ask you to repeat. M, M, M in a low intensity of sound (whispering)". 

The Co-operator controls the measurement of the sound level meter and recorded the average reading. 

While   the   subject is   pronouncing   M, M, M,   the   operator   measures   the distance between the previously selected points. 

Also the average data of three successive measurements is considered. In   the   same   sitting   with   the   same   posture and the 

same instructions in (normal speech) 

2-3.2 Measurement of the closest speaking space: 

The instructions to the subjects were:- 

a- In the same sitting of upright posture with the eyes looking forward, ask the subject to occlude in centric and by the sharp 

indelible pencil draw the centric occlusion line on the lower anterior tooth at the horizontal level of the incisal of the opposing  

upper anterior tooth. 

The subject then asked to pronounce the letter "S" in low intensity of sound (whispering) and in the same manner of the rest 

position, the Co-operator control the  measurement of  thesound level meter, while the "S" sound is made and held, the closest 

speaking line is drawn on the same lower anterior tooth on which  the centric occlusion  line  was  drawn. 

The operator measure the distance between those two lines which is the closest speaking space. 

b-The subject then asked to pronounce the sound (S) in a high intensity of sound (normal speech),and in the same manner the Co—
operator control the measurement of the sound level meter, which the "S" sound is made draw inclosest speaking line which comes 

over the closest speaking line of the low intensity "S".  

III. RESULTS 

The   data   was analyzed at the   computer   center, College   of   Dentistry, University of Baghdad using Quatreo and microsta 

software.  

Atwood (1956) concluded that man's ability to detect a variability of the rest position depends on: the accuracy and validity of the 

measurements of the rest position.  

This study is a clinical study and the measurements are made on soft tissues. To eliminate the possibility of the error which might 

be committed by the operator in the accuracy of putting the spots, and the accuracy in using the measuring device, therefore, 

processing of the data prior to their entrance in the disc of the computer. 

 

 S.L.  data is swallowing method   measurement -  O.V.D  measurement. M1 measurement is whispering  "M"  - O.V.D.  

 M2    measurement is Normal speech "M"  -  O.V.D. 

 dB  (A)  measurement is  dB  (A)  M2 -  dB(A)Ml  

 S1 date is a whispering S.  

 S2 data is a normal speech S.  
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The statiscal analysis include:-  

 

1-       Descriptive       statistics:        Mean,       standard deviation (S.D.) Maximum,   minimum as shown in table (1, 2, 3). 

2.    "t"    test    was    used    for    comparison    between    variables,    and     to show whether they are significant or not. 

 The   M2   variable   showed higher   mean   from   other   variable   (Ml   and   S1), and it is slightly higher in female than 

in male sample. 

 The   S.L.   variable  shows  lowest  mean  from  other  variables   (Ml  and   M2), as observed  in  table  (1). 

 The   student's   "t"   test   indicated   that   there   is   significant   difference   at 5%  between  the  variables  (Ml  and  

S.L),  (M2 and  S.I..),  (Ml  and M2) as observed  in  table  (4). 

 Higher   significant difference   is   shown   between   the   variable   (M2   and S.L.)  and  in  both  male and  female as 

observed   in  table  (5,6). 

 Swallowing method in comparison between male and female showed no significant difference at 5%as observed in table 

(7).Ml variable shows significant difference at 5% between male and female, while M2 variable give difference between 

male and female but this difference was not statistically significant and this might be due to slight differences in the 

intensity of the sound between male and female (18.4) dB (A) and (17.5) dB (A). 

 

 

 The main finding: 

1- Figure (7) shows that 50% of male sample have O.V.D. which varies between 70-80 mm while 47.5% of female sample have 

O.V.D. which varies between 60-70 mm and 43.75% of female sample have O.V.D. varies between 70-80mm. 

But no one of male sample have O.V.D. vary  between 50-60 ,and no one of female sample have O.V.D. vary  between 90-100, 

this could give us an idea that male have O.V.D. greater than female sample, and this could be related to the length of the face. 

2-     Figures     (8-9-10)     shows     the     distribution     of     the     free-way space    in    the    total    sample,    22.5%    of    

female    and    35%    of    male    had free-way space of (2mm) during pronouncing “M"   in whispering. 16.25%   of   female   

and    18.75%   of   male   have   free-way    space   of    (2mm) during pronouncing "M” in normal speech.  47.5%   of   female   

and    51.25%   of   male    had    free-way    space    of    (2mm) during swallowing. 

For the free-way space of 3mm: 

36.2% of female and 35% of male had free-way space of (3mm) during pronouncing "M" in whispering. 

28.75% of female and 43.75% of male had free-way space of (3mm) during pronouncing "M" in normal speech 

27.5% of female and 25% of male have free-way space of (3mm) during swallowing. 

For the free-way space of 4 mm: 

21.25% of female and 15% of male had free-way space of (4mm) during pronouncing “M” in whispering. 

32.5% of female and 18.75% of male had free-way space of (4mm) during pronouncing “M” in normal   speech. 

10% of female and 7.5% of male have free-way space of (4mm) during swallowing. 
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3- Figure ('8:, 9','10) shows that highest free-way space obtained by swallowing method is (4mm), while phonetic method can 

give free—way   space   which can reach 8mm 

4- For the closest speaking space as shown in fig. (12), it varies between 0-6mm 

16.25% of male and 10% of female had closest speaking space of 0mm.  

12.5% of male and 21.25% of female   had closest speaking space of 2mm. 

From this figure most of the subject had closest speaking space varying between 0-4.5, but it reduced till that only one subject of 

male sample had  closest speaking  space  of  (5mm) and   (6mm). 

5- Fig (11') shows the variation of db (A) between whispering and 

normal speak which is between 12-26 dB (A), this is due to 

personal variation in the intensity of sound. 

This figure shows also differences between male and female. 

-•Table (1) Descriptive statistics for male & female 

Variables Mean S.D Minimum 

O.V.D, 71.737 6.395 58 

S.L. 2.296 0.828 1 

M1 3.050 1.169 1 

M2 3.375 1.262 1 

dB(A) 17.968 3.055 12 

S1 1.968 1.376 0 

S2 1.968 1.376 0 
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Table (2) Descriptive statistics for measurements for female 

Variables Mean S.D Minimum Maximum 

O.V.D. 68.66 5.09 .   58 84 

S.L 2.281 0.87 1 4 

M1 3.237 1.235 1 8 

M2 3.537 1.358 1 8 

DB(A) 18.4 3.029 12 25 

S1 2.012 1.240 0 4.5 

S2 2.012 1.240 0 4.5 

 

Table (3) Descriptive statistics for measurements for male 

Variables Mean S.D Minimum Maximum 

O.V.D. 74.8 6.09 65 92 

S.L. 2.31 0.78 1 4 

M1 2.86 1.07 1 6 

M2 3.21 1.14 1 7 

dB(A) 17.53 3.03 12 23 

SI 1.925 1.5 0 

* 

6 

S2 1.925 1.5 0 6 



Abdul Amir (2019): Sound loudness and vertical dimensions                        June 2019 vol. 20  

©Annals of Tropical Medicine & Public Health SP2015-19 

 

Table (4) 

Comparison between variablesfor male & female 

Variables t-test D.F. Significance 

Ml  & S.L. -6.640 318 + 

M2 & S.L -9.0299 318 + 

M1 & M2 2.3883 318 + 

Note: + = significant 

Table (5) Comparison between variables formale 

Variables t-test D.F. Significance 

Ml & S.L 3.686 158 + 

M2 & S.L. -5.792 158 + 

M1 & M2 -1.9932 158 + 

-■Note: + = Significant 

Table (6) Comparison between variables forfemale 

Variables t-test D.F. Significance 

M1 & S.L. -5.659 158 + 

M2 & S.L. -6.961 158 + 

M1 & M2 -1.961 158 + 

Note: + = Significant 

Table (7) Comparison between variables accordingto sex 

Variables t-test D.F. Significance 

S.L.(male) & S.L.(female) 0.237 158 — 

M1 (male) & M1 (female) 
-2.047 158 + 

M2 (male) & M2 (female) -1.636 158 — 

S1 (male) & S1 (female) 0.485 158 — 

Note : + = Significant 

- = Non significant 
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Fig 7 : Frequency distribution of the O.V.D in the sample 
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Fig.( 8 ) Frequency Distribution of the Ml in the sample 

 

 

Fig.   (9) Frequency Distribution of the M2 in the sample 
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Fig. (10) Frequency Distribution of the S.L. in the sample 

 

 

 

Figure 11: Frequency Distribution of the of the dB(A) (M2-M1) in the 
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Fig. (12) 

Frequency Distribution of the SI & S2 in the sample 
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IV. DISCUSSION 

The occlusal  vertical  dimension of each subject is considered as a base line  or as  a  zero  level  and   from   it   the  

increase  in   vertical   dimension  of   each technique is recorded . Strict criteria were used for selection of the 

subject in this study; this is for limitation of variables that affect the rest position. Thompson (1951) indicated that 

the inter occlusal distance averaged 2-3 mm in normal dentition, and maybe 10mm   in abnormal dentition.   Seating 

of the   subjects   in an upright, position with the eyes looking' forwards, this is to prevent the influence of head 

posture changing on the mandibular rest position. Goldstein et al (1983) reported from their study that the changes in 

anterior-posterior head position will alter the path of mandibular closure as measured from the rest position to the 

maximal inter cuspal position* Darling et al (1984) in his photographic evaluation of head position and rest vertical 

dimension reported that it appeared the rest vertical dimension is influenced by head position. Also based on 

definition of rest vertical dimension given proposed by Glossary (1987) for prosthetics term as:  "The Postural 

position of the mandible when an individual is resting comfortably in an upright position and the associated muscles 

are in a state of minimal contractual activity". 

This study is the first study which correlates between sound loudness and registration of the rest vertical dimension 

with exception of Joniot (1970) assumption in which he concluded that the measurement of the rest vertical 

dimension to be correct should be done when the subject is whispering, although  result of this study is not 

consistent to the finding of  Joniot , because in the phonetic method even whispering gave higher mean and standard 

deviation from the swallowing method and this might, be due to the differences in the criteria used in selection of 

sample or might be due to the difference  in  the  material and  method   used. 
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This   findings also   supports   the   findings   of   Wagner   (1971)   in   his conclusion   that   the   M, M,   M,   

method   tended   to   produce   a large   rest   vertical dimension and the swallowing method with a smaller value. 

Similar findings were also reported by Ibrahim and Amir (1991) in their comparison of four methods to determine 

the rest vertical dimension (Golden number, Willis, Swallowing, phonetic method by using "M" sound and measure 

the distance between two point one on the nose and other on the chin). Their study resulted that the phonetic "M" 

method give a rest vertical dimension which is greater than that obtained   by   swallowing method. 

This study also showed that the phonetic method of establishing mandibular rest position with normal speaking gave 

higher mean and standard deviation than that of phonetic method with whispering, this give us an idea that how 

much variable is the rest vertical dimension that even changing sound   loudness  influences   the  measurement. But   

still   phonetic   method   with whispering resulted in higher mean and standard deviation from swallowing method 

of establishing mandibular rest position this result is in contradiction to the Joniot  (1970) assumption, and this might 

be due to the difference in the materials or the methods used. 

It is impossible to connect between certain dB(A) with certain rest vertical dimension, but as a result of this study we 

can conclude that whispering has an intensity varies between (40-50) dB(A) and normal speaking has on intensity 

varies between (50-60) dB(A), this is similar to that mentioned by Sanders, Marks (1982) in the description of the 

intensity of speech, that when one talks almost as softly as possible speech has intensity of about (46) dB(A), and 

when one talks almost as loudly as possible it has adecibel level of about 86. 

Results of the present study showed variation in the free-way space in the same individual using different techniques 

of establishing rest vertical dimension and also differ from one person to other one using the same technique. 

The figures of the free-way space is an average not exact measurement, for this distance, there have been cases 

reported where patients have freeway space reach to (8 mm) as resulted from tin: phonetic methods. It must be 

remembered that the free-way space is a variable distance depending upon many factors as mentioned previously, 

the result of this study is in agreement to all authors of the variability school (see section 1-4-2). 
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From the histogram for the distribution of the rest vertical dimension we can conclude: 

a- Swallowing method  give free way space varies between 1-4mm majority of sample been 2-3 mm 

b- phonetic method whispering give free way space varies between 1-6mm (male) and 1-8 mm (female), 

majority of sample is of 2-4mm  

c- phonetic method give freeway space varies between 1-7mm (male) and 1-8 mm (female), majority of the 

sample is 2-4 mm  

 

For the distribution of the variation in the closest speaking space, this study resulted variation was between 

0-6mm. 

While Silverman, 1956 gave variation for the closest speaking space from 0-10 mm this difference might be 

due to strict criteria used in the selection of the samples which limited with only CL 1 angel’s classification. 

No influences of sound loudness is shown on the closest speaking space, this result cannot be directly 

compared because of no previous study is seen in the literature 

V. CONCLUSION 

1-It has been found that in phonetic method even whispering give rest vertical dimension greater than swallowing 

method, and this comes in contradiction to the assumption of joint B. 

2-Sound intensity effect the rest vertical dimension. 
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ABSTRACT: 
Aim of study: To evaluate rugae area pattern, average length, depth of different samples of different Iraqi 

population and compare the parameters between males and females. 

 

Materials and methods: 60 students at Alturath University selected for this study (30 males and 30 

females), age ranged between 18-25 years with definite criteria as (no missing teeth, no crowding, and no 

oral defects), impressions were taken with alginate from which stone models were fabricated. 

Each cast was scanned with EXO CAD scanner, 3D image of the casts investigated using the EXOCAD 

measurement tools software. The length of the rugae area, the patterns of rugae and symmetry of the 

primary rugae between the right and left wings of palate were checked. 

 

Results: two tailed T test used for statistical analysis. The two tested groups showed highly significant 

difference from each other both regarding the length and depth of rugae area. The means of each type of 

rugae area was measured and compared. 

 

V. CONCLUSION: Within the limitation of this study it can be concluded that 

1. There is a significant difference between Iraqi males and females regarding the rugae area length and 

depth with females having the longer and the deeper rugae area. 

2. Curved form was the predominant in females and the straight form counted the highest in number in 

males. 

3. Both groups possessed more primary rugae area than secondary or fragmentary. 

4- Each individual had different rugae area pattern from the others and can be used in human identification 

and sex differentiation.  Yet, further studies of cross-sectional nature are recommended to discern the 

methodology of using the palatal rugae area in forensic gender recognition. 

Keywords: – rugae area, palate, forensic dentistry 

 

I. INTRODUCTION 

Palatal rugae area or rugae palatine could be defined as the delineated folds or ridges that 

occupies the anterior part of the palate, expanding on each side of median palatine  raphe 

starting behind the incisive papillae
(1).

 The rugae area began to develop during the third 

month of intrauterine life as an epithelial tissue covering the anterior part of the palate 

underlined by collagen fibers (connective tissue later) and continued to develop, changing 

its shape and size during childhood and adolescence till the end of the palatal growth
(2)

. 

Afterwards, the rugae area held its form during life time, to the degree; it can be used as a 

fixed land mark to monitor tooth immigration during orthodontic treatments
 (3)

. 

According to Bhullar et al 2011
4
, palatine rugue area counted as dependable in forensic 

dentistry, as they remained intact in extreme situations (humidity, temperature). In 

addition to burn incidents where Muthusubramanian et al, 2005 
(5)

 found that 77% of 

burnt cadavers’ palatine rugae areas didn’t change after 7 days. For this reason rugae area 



Alayash & Mualla (2019): Evaluating male and female rugae area                      June 2019 vol. 20 

©Annals of Tropical Medicine & Public Health SP2016-19 

 

records can serve in human identification after mass casualties, natural incidents or even 

in criminology. Other studies (Thomas and Kotze TJ, 1983, Kapali et al 1997, Kashima 

1990, Shetty et al 2005) 
6,7,8,9

 further relate the ethnicity and gender with rugae area 

patterns and length.  

Palatal rugoscopy is the procedure of examining the palatal rugae area on which different 

classifications and surface anatomy descriptions were based, it can be performed with a 

pencil marking the rugae folds on each side of the median palatine raphe and a digital 

caliper or it can be examined using 3D scan images of the oral cavity or dental casts 

where these 3D images investigated thoroughly. 

Goria at 1009, was the first to establish a classification which based on the number of 

rugae area and their relative position (Sanjaya et al 2011)
10

.  

 

Trobo classified rugae area in to two types: Simple rugae which labeled as letters and 

Compound which formed by the merging of two or more simple rugae and labelled as 

type X as shown in table (1).
4 

 

Table (1): Trubo classification   

 

Classification of  Rugae type Shape 

Type A Point  

Type B Line  

Type C Curve  

Type D Angle  

Type E Sinuous  

Type F Circle  

 

Lysell classified palatal rugae regarding the length into (Hermosilla et al 2011) 
11 

 Primary rugae: 5mms or more 

 Secondary rugae: 3-5mm 

 Fragmentary rugae: 2-3 mm 

 Rugae smaller than 2mm are neglected 

Kapali et al classification 
7 

divided palatal rugae into 

1. Straight – Runs directly from origin to termination 

2. Curvy – Simple crescent shape that was curved gently 
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3. Circular – Definite, continuous ring formation, diameter from origin to 

termination is considered 

4. Wavy – Serpentine like form. 

Carrea classification categorized palatal rugae depending on their direction (Caldas et al 

2007)
12

. As follows: 

Type I Posterior-anterior rugae, Type II perpendicular to the raphe 

Type III Anterior-posterior rugae Type IV directed in several directions 

Basauri classification labelled the primary rugae with letters 

And the accessory rugae with numbers as shown in table (2) 

 

Table (2): Basauri classification   

Principal rugae Accessory rugae Rugae shape  Illustrations  

A 1 Point  

B 2 Line   

C 3 Angle  

D 4 Sinuous curve  

E 5 Curve  

F 6 Circle  

X 7 Polymorphic  

 

Thomas and Kotze classification (1983) 
6
: This classification used Lyssel‘s with some 

modifications by adding the cross-linked pattern beside more detailed description 

regarding the following: 

1. Rugae dimension and prevalence:  Length - classified as primary 5 or more, 

secondary 3-5 or fragmentary rugae 2-3. 

2. Prevalence- rugae is determined by counting each type (primary, secondary and 

fragmentary) and not the just total number on each side.  

3. Area – determination of the surface area of the primary rugae.  

4.  Primary rugae surface anatomy: included annular, papillary, crosslink, branches, 

unification, breaks, unification with non-primary rugae. 

This classification further included rugae pattern dimension and their angle of 

divergence. 
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II. MATERIALS AND METHODS 

 

2.1. SAMPLE GROUPING: 

 

60 samples classified in two groups were investigated in this study. The study included 

60 students at Alturath University, 30 females and 30 males; all had age range between 

18-25. The students were with crowding, past extraction except for third molars removal, 

oral defects were excluded 

1. Group A: 30 male dental stone casts listed as M1, M2, M3…M30 

2. Group B: 30 female dental stone casts numbered as F1, F2, F3…F30. 

 

2.2. SAMPLES PREPERATION: 

 

After the students had given their approval to participate in the study, examination of the 

students with dental mirror and probe was preformed then an impression was taken with 

alginate and poured with stone. 

The stone models checked for defects and air bubbles to assure the clearness of the 

examination field, and then the stone casts were trimmed. 

All sixty stone casts submitted to digital 3D scanning using EXOCAM scanner device 

figure 1, 3D models images saved in EXOCAD database (imes-icore) for investigations. 

 

 
Figure 1: EXOCAM scanner device. 

 

2.3. 3D models examination: 

 

Each 3D model examined utilizing the same protocol; first the virtual cast divided in right 

and left sides using the median palatine raphe as midline. Second the rugae area 

topography was searched qualitatively, the rugae area on each side was counted for each 

type, categorizing the rugae area based on shape as straight, curved, circular, waved, 

furcated or unified as in Kapali et al 1997 classification.  Based on the length, the rugae 
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was classified in to primary 5mm or more, secondary 3-5mm, fragmentary 2-3 mm,  

while less than 2mm  were disregarded. Each type was counted and recorded. The length 

for each rugae was taken using the measurement tools in the EXOCAD software in 

millimeters fig (2). All the patterns of rugae area length measured using two points 

(medial and lateral end points) as in figure (3). 

The average depth for each rugae was given during the measurements of the length (the 

distance between the floor of the mouth and the top heights of rugae area) as in figure (4) 

this measurement considered impossible to collect by the conventional method using 

pencil and digital vernier. 

Statistical analysis applied using SPSS software including mean, maximum, minimum, 

standard deviation and t test. 

 
Figure (2): the measurement tools in the EXOCAD software in millimeters 

 

 

 
Figure (3) rugae area length measured using two points 
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Figure (4) digital measurements given by EXOCAD software 

III. RESULTS  

The mean, SD, minimum and maximum values of the rugae area length and  

depth were extracted for the male and female groups, the two groups 

compared using t test at level of significance of (0.05).  According to t test, 

there is significant difference between males and females regarding both the 

length and depth of rugae area as illustrated in table (3) and table (4). 

Table 3. Statistical description of different rugae length in males and females. 

Gender Count Mean  Maximum Minimum SD Sig. (2-

tailed) 

 

Males 30 8.09 10.73 6.07 1.1002 0.000 

Females 30 8.99 10.97 6.54 1.095 0.000 

 

Table 4. Statistical description of different rugae depth in males and females. 

Gender Count Mean  Maximum Minimum SD Sig. (2-

tailed) 

 

Males 30 1.57 2.5 1 0.4 0.000 

Females 30 1.97 3.1 0.85 0.51 0.000 
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The rugae area patterns were counted for each shape in both males and 

females as seen in figure (5), in males the rugae area shape prevalence from 

the highest to the lowest as follow: straight, both curved and wavy equally, 

furcated then circular. In females they were in the following order: curved, 

wavy, straight, furcated and lastly the circular.  

 

IV. DISCUSSION: 

During the study of the casts topography using EXOCAD software which 

allowed to view the rugae area from multiple angles,  it had been noticed that 

the rugae area  in  females had more complicated patterns and were difficult 

to separate one type from the other, on the contrary males ” had obvious  

rugae area maps that were easy to separate and measure. The rugae area in 

females was longer and deeper while in males they were shallower and 

straighter. Both males and females had more primary rugae area than 

secondary and fragmentary but females also had more primary rugae area 

count than the males (total of 217 primary rugae area in females, compared to 

198 primary rugae area in males). The curved shape was predominant among 

the other forms followed by the wavy form then straight form in females. On 

the other hand males rugae area with straight patterns were the most counted 

followed by both wavy and curved form equally. According to Abdullatif et  

al 2011
14 

 who examined sexual dimorphism in palatal rugae area in both 

Egyptian and Saudi populations found no significant difference regarding the  

gender which was inconsistent  with the result of this study in addition to 
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Choi et al 2018
13

who also found no significant difference between the two 

sexes in Korean population study samples. In addition, Almoazen et al 2017 
15

study on Saudi population rugae area found that males rugae were longer 

than females with wavy form predominance unlike the findings of this study. 

Pillai et al 2016
16 

 found that in Gujarat population the average length in 

males was more than in females, adding to that that there is no gender 

discrimination regarding the results.  Furthermore, Eshani et al 2015
17

found a 

relation between sexual dimorphism and certain parameters in rugae area of 

Bhopal city population. Janardhanam et al 2017
18 

come in agreement with 

this study stating that there was a significant difference between males and 

females rugae area yet the females possessed more of wavy type of rugae, 

while males had curved type which is different from the dominating patterns 

in this study. All of the mentioned studies except for Choi et al 2018 used 

pencil and digital vernier for measurements which is different from this study 

methodology using 3D digital measurements  and some parameters in this 

study did not exist in the others which resulted in relatively partial 

comparisons. but all over these results” differences highlighted not only the 

gender relation to rugae variability but  also emphasize on ethnic related 

differences.  

V. CONCLUSION 

 

Within the limitation of this study it can be concluded that 

1. There is a significant difference between Iraqi males and females regarding the 

rugae area length and depth with females having the longer and the deeper rugae 

area. 

2. Curved form was predominantly found in females and the straight form counted 

the highest in number in males. 

3.  Both groups possessed more primary rugae area than secondary or fragmentary. 

4. Each individual had different rugae area pattern for the others and can be used in 

human identification and sex differentiation.  Yet, further studies of cross-

sectional nature are recommended to discern the methodology of using the palatal 

rugae area in forensic gender recognition. 
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ABSTRACT 

Background: Government as the most important components of innovation system has an important role in the 

efficiency of Health National Innovation System (HNIS). This study was conducted to identify the role of the 

government in the Iran's HNIS. Materials and Methods: The study was conducted by Focus Group Discussion 

(FGD). Results were arranged by logic model approach in categories of inputs, process, outputs and outcomes. 

Results: HNIS inputs that government has role included: availability of credits and financial resources, policies and 

programs, innovative public and private organizations, industries, innovative human capital and supply of technical 

knowledge. In HNIS activities: resource allocation, support of innovation, human capital empowerment, interaction 

and communication with industries and international organizations, managing of developmental programs, 

monitoring and control of innovation system. In HNIS outputs: supportive programs, guidelines, regulation and 

memorandum of interagency cooperation, innovation policy and innovative education programs. In early outcome: 

efficiently resource allocation policies and guidelines, increasing inter-sectorial cooperation, increasing motivation 

of organizations to conclude agreements with international institutions and improving organizations' attitudes to 

innovation projects as a source of income. In intermediate outcomes: implementation of innovative policies, 

constant monitoring of the implementation of innovative policies, optimum use of funds, strengthening innovation 

supporter institutions, sustainable collaboration with industry and commercialization of new ideas. In late outcome: 

improve public health, economic boom, create wealth by using new ideas, increase satisfaction, transform ideas into 

products and expand the culture of innovation in society and organizations. Conclusions: Government has various 
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roles in Iran's HNIS. By identifying the role of government at various levels of HNIS can measure its performance. 

Better understanding of the government performance will lead to formulation of better policies and programs. 

Keywords: Government, Health National Innovation System, Logic Model, National Innovation System 
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Introduction 

In recent decades the concept of national systems of innovation in science literature, technology and innovation have 

been highlight and over time has earned its theoretical and practical solidarity and many developed countries are 

trying to design their innovation system. Hence, policymakers and public administration professionals have focused 

to pay more attention to this concept in developing countries in recent years. [1] 

Each country's national innovation system (NIS) includes institutions and actors that are following the production, 

dissemination and utilization of knowledge and technology and the development of innovation through an 

interactive process across national boundaries. [2] 

Studies show that the innovative performance of a country greatly depends on the relationships of actors and their 

technologies usage. [3] 

Technology and innovation development in the new paradigm is the result of the activity of different components 

and requires good relations between innovation system actors at national level. In the NIS, government, academia 

and industry are three key actors in the form of firms, universities and research institutes. [4] 

Hence, the governments are one of the most important components of NIS, which are responsible for innovation 

policy. Sometimes, government intervention is for correction or market completion, that in this term, we can 

mention education, social security, environment, income distribution, etc. Although the government may in some 

cases be unable to solve the problem. [5] 

National innovation systems study shows that governments play a key role in the success of this system through 

formulation and implementation of policies. In fact, the key role of public administration is linked to policy-making 

and implementation of policies. So in NIS shaping, strengthening public administration in the context of science and 

technology is important. [6] 
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Research literature shows that detailed studies to identify and assess the government's role in the national innovation 

system are limited. Most studies have addressed the role of the governments in terms of policy-making and 

implementation. [7,8] Directing public sector financial resources towards research at universities and research 

institutes, motivating through taxes and subsidies, establishing appropriate infrastructure and directing national 

innovation system actors in order to constructive interaction with each other were mentioned as the role of 

government in some studies. [9] 

In Iran, the government has a variety of activities in the process of innovation, these activities have been chained 

together and unfortunately, some components of this chain in the country are ignored. Lack of infrastructures such 

as insufficient ventures, intellectual property protection, and space for ideas, standards, and national codes and so 

on, make slow or stop the government effort on innovation. [10] 

Iran, as a developing country, should pay special attention to government's role in the efficiency of their own 

national innovation system. Accurate identification of activities and evaluate its performance in order to continuous 

monitoring of the national innovation system is essential. On the other hand, the health system is the most important 

areas where innovation is needed. This approach has been specially considered in the comprehensive scientific 

health plan of Iran. [11] The importance of this issue in recent years has been highlighted in Iran because of the 

serious government intervention in NIS.So, purpose of this study was Identifying the role of government in Iran's 

HNIS by logic model to provide a framework for government performance evaluation. 

Materials and Methods 

In this study, Focus Group Discussion (FGD) was used to identify role of government in Iran's HNIS. Sampling in 

this study was purposeful sampling method. Study samples were people with the most and richest information in the 

field of health system and NIS. FGD meeting was conducted by attendance of 20 people including policymakers, 

officials and authorities of universities and research centers. Study inclusion and exclusion criteria included having 

minimum of 5 years' experience in the field of NIS and having interest and will for attending the study. The logic 

model was used in the meeting questions design, information gathering, summarizing and publishing results. Logic 

model simply depicts assumptions about the inputs required to support the activities and outputs and also activities 

and outputs required to achieve the outcomes of a program. This model provides a proper framework for assessment. 
[12] According to the logic model all the questions and data collection forms were designed fits the model component 

i.e. government roles in the chain of inputs, activities/processes, outputs, early outcomes, inter outcomes and late 

outcomes and the relationship between them in NIS.  

The FGD was carried out in two phases. In the first phase, brainstorming techniques were used for data collection. 

Brainstorming is a way of generation and gathering ideas about a topic. [13] In brainstorming session experts were 

asked to note their idea about the government`s role according to each components of logic model for half an hour. 
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Then, all the comments were recorded on a board and a list was prepared for each component of the logic model. At 

the end of session, experts were asked to review all proposed items for each component and finalize them and make 

consensus. In the second phase, experts determined the logical relationships of identified roles with each other from 

inputs to impacts. Finally, at the end of the meeting, which lasted eight hours, the Initial draft of the government's 

role with logic model approach was designed and approved by members. During the whole session, a researcher 

played a facilitator role and another in the form of non-participatory was responsible to take note in field. By 

framework analysis technique another information including the completed forms, audio files and field notes were 

analyzed and the final model designed. The final model returned to the participants and confirmed by them. 

Results 

The identified roles of the government, classified according to the components of the logic model in six themes 

included: roles in inputs, processes/activities, outputs, early outcomes, intermediate outcomes and late 

outcomes/impact. The roles and the logical relationship between them are shown in Figure 1. 

The government's role in the inputs of health national innovation system 

The most important inputs that the government has a role in HNIS consists of the following: 

- Financial resources and credits 

- Policies and development programs such as the 5-year development plans and country's comprehensive 

science map 

- Industry  

- Human capital and technical knowledge 

- Applying a variety of innovative public and private organizations, universities, schools and other 

entrepreneur institutions, industry and international organizations 

The government's role in the activities/process of health national innovation system 

The government's role in the activities/process of HNIS was categorized in seven domains: 

1. The activities of financial resource allocation: This category includes planning for financial resource allocation, 

funding for innovative initiatives and projects and supervisory and controlling activities on allocated resources. 

2. Management of long-term development plans: this category of activities including the development of policies, 

preparation of a roadmap based on the policies, programs and documents, communication of regulations and 

instructions related to government agencies and the private sector 
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3. Communicate with industry: Including identify communication solutions with industry, establishing industry 

relations offices in organizations and institutions and to support the dissemination of technology.  

4. Communicate with international organizations: This category of activities including identifying and 

communicating with international organizations and institutions, signing a memorandum of cooperation in different 

domains and negotiations to attract resources and joint ventures. 

5. Empowerment of human resources: Although this activity is one of the main activities of universities in the NIS, 

the government can also play a role in supporting it such as effective and sustainable communication with 

universities, support the training of human resources through innovative education programs in schools and 

universities, Knowledge management, providing sufficient funds and identify innovative people in organizations and 

support them. 

6. Monitoring and control activities in NIS: Including monitoring and performance evaluation of government 

organizations, non-government agency and innovator industries, monitoring the available resources and platforms of 

the innovation system and identify solutions for the efficient use of resources in the NIS. 

7. Support of innovative programs: This category of activities is the most critical component of government 

activities, including supporting the innovative programs of public and private organizations, institutions, universities 

and training centers and rewarding them. 

The government’s role in the outputs of health national innovation system 

The following outputs were identified as the direct product of government activities in the HNIS: The funds 

allocated to innovative organizations, the number of funded innovative projects, issued regulations of the allocation 

of funds, prepared and communicated instructions, the number of reviews and monitoring that carry out, developed 

innovative policies, innovative projects come into production, exchanged programs between institutions and 

industries, the joint meetings of industries and innovation centers, government and industry cooperation regulations, 

signed international agreements, Iranian patents in international databases, implementation of Iranian innovative 

projects at the international level, absorbed international funds, developed innovative training programs, 

entrepreneurial, creative and innovative human capital, increasing the number of innovative public and private 

organizations, supported innovative activities in the governmental and non-governmental sector, rewards assigned to 

innovative organizations and institutions, financial support and encouragement, identify all available resources in 

organizations and institutions. 

The government’s role in the early outcomes of health national innovation system 

Early outcomes in sort-time were mostly a type of improvement in knowledge, attitude, motivation, skill and 

awareness. The early outcomes of which are expected as a result of outputs in short time by government interaction 
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includes: more effective policies and regulations for the allocation of funds to innovative agencies, incentive 

organizations and individuals to continue innovating, more effective procedures, facilitating achieve to intended 

innovative programs, improve the attitude of managers for collaboration, improve attitudes to innovative projects as 

a source of income, more efficient Inter-sectional collaboration, the incentive organizations to conclude a 

memorandum with international organizations, improve attitudes to internationalization of projects, increase 

awareness, knowledge, skills and motivation of human capital, increasing the knowledge of innovative organizations 

and institutions, increase the motivation of innovative public and private sector, increase financial support, motivate 

organizations to conduct innovative activities, increasing the organization's capacity and motivation to make optimal 

use of available resources, and make organizations more efficient in utilizing resources.  

The government’s role in the intermediate outcomes of health national innovation system 

The midterm outcomes of government intervention in the HNIS are often a type of change in behaviors, policies, 

plans, structures, communications, practices, and methods including: 

Implementation of innovative policies, monitoring the implementation of communicated regulations, link between 

upper documents and country development plans with executive programs, efficient use of funds, resource 

allocation based on meritocracy, strengthening the foundations and institutions that support innovation, sustainable 

connection with industry, implementing new ideas, commercialization of ideas, productivity development of ideas 

and projects, facilitating communication between the idea up to the industry, facilitate the exchange of ideas and 

projects at the international level, sustained communication with international institutions and organizations, training 

innovative and skilled manpower, efficient use of public and private resources, using of inter-sectorial facilities, 

facilitating the exchange of inter-sector information, facilitating the exchange of resources, connection with 

innovative government agencies and non-governmental organizations, supporting innovative public and private 

organizations, encouraging centers, universities, organizations, industry and generally society to innovation. 

The government’s role in the late outcomes/impact of health national innovation system 

The expected late outcomes of the government’s role in the HNIS include the follows: 

Improve public health, economic boom, create wealth through business plans and new ideas, increasing the level of 

public satisfaction, turning ideas into products, and expand the innovation culture in organizations and community 

and the internationalization of innovative ideas. 

After identifying the roles of the government in inputs, activities, outputs, early, inter and late outcomes in HNIS, 

the relationship between the items was determine of the input to the late outcome [Figure 1].  

 For example, in this model, funds and financial resources as inputs, after the process of planning were allocated to 

innovative organizations as a direct output in the form of funds. These funds in short-term leads to increasing 
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motivation of organization in the continuation and more efficiency of the policies and guidelines, this leads to more 

efficient use of resources in the midterm and in the long term lead to good health condition. 

Discussion 

In this study, the government's role in Iran's HNIS examine with the help of logic model. Government as a major 

player in the innovation system has an important responsibility in the chain of generation, dissemination and 

application of knowledge and provides input to achieve outcomes. Inputs of NIS, indicates the country's ability to 

improve its technological situation. These inputs can either be related to national resources or obtain them from 

outside the country. Inputs, capable any national innovation system to engage private sector in recruiting and 

training the work force in order to carry out innovation activities. [14] In other words, the inputs of the national 

innovation system are resources for carrying out activities in the system. Financial resources and human capital are 

as the most basic and most essential inputs, in all the activities of national innovation system. [15] In this study, 

technical knowledge, a variety of public and private organizations, entrepreneurial institutions, policies, programs 

and industries were identified as the most important inputs in the Iran health national innovation system. Inputs are 

used in the processes and activities of the government and lead to tangible outputs. In most innovation systems, 

major activities of government are in policies and programs supporting innovation. Government policies in national 

innovation system can be divided into three main groups: 1- Policies that aim at encourage the supply technology.2- 

policies aimed at encouraging demand for technology; and 3- policies that tries to help improve the flow of 

knowledge through the creation of national networks and infrastructure.  Also one of the most important government 

supporting programs is the strengthen university-industry collaboration and support for the diffusion of technology. 
[5] 

 According to the results of this study, government activities in total were classified in seven domain including 

resource allocation activities, management of long-term development plans, communicating with industry, 

communicating with international organizations, empowering human resources, supporting innovative programs and 

monitoring and control activities in HNIS. As regards the major role of government based on the logic model is in 

activities, the government needs to pay more attention to management, allocation, communication, empowerment, 

monitoring and controlling capacities and supporting programs at all times. Because these activities determine the 

immediate outputs of the system. Outputs are the direct product of activities and in most of the time are completely 

visible. Although outputs reflect the life of the system and ensure the fulfillment of planned activities, but focusing 

exclusively on the output of the system can be misleading. Because what is important is that the effects of these 

outputs in the short, medium and long term have on the system. A successful example of this is the Chinese 

government in the evolution of own national innovation system. Their interaction with the university and industry 

and supporting programs and activities in the field of R & D leads to acceptable outputs such as: the evolution of the 

research and development, capable research institutions, young scientists returning from abroad, changes in higher 
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education, training of committed and expert manpower, create free zones for industrial development, creating branch 

and offices of foreign direct investment and firms, and qualitative and quantitative development of industries. The 

Indian government has also made major changes in their policies and activities in the national innovation system, so 

it led the country into economic relationships with other countries and on economic liberalization which 

consequently leads to investment and attract foreign technology and industry. [16] 

What happens to this stage is an immediate output of activities and we cannot just rely on them to ensure the 

efficiency of the system. Therefore, the identification of long-term outcomes of these activities is undeniable 

necessity. Based on the logic model, outcomes are classified into three categories: early outcomes, intermediate 

outcomes and the late outcomes or impact, that each has their own characteristics and timeframe. In the short term, 

what will happen as a result of activities will be changes in knowledge level, attitudes, motivation, skills and 

knowledge of individuals and organizations in a system, which are known as early outcomes. [17] 

Studies in Thailand's national innovation system show that, as early outcomes, a small number of institutions and 

organizations involved in the innovation system, were aware of the financial incentives provided by the government, 

so that statistics indicate that only 2 to 3 percent of them were aware of the financial programs. [3] 

The results of this study showed that the important early outcomes of Iran’s government intervention in HNIS were 

increases motivation, knowledge and awareness of institutions and organizations in relation to all financial and non-

financial government programs and changed their attitudes about the efficiency use of them. 

According to the logic model, changes in behavior, policies, programs, practices and methods to happen in the 

midterm can be considered as intermediate outcomes. [17] 

Implementation of innovative policies, monitoring the implementation of the issued rules, link between upper 

documents and country development plans with executive programs, efficient use of funds, resource allocation 

based on meritocracy, strengthening the foundations and institutions that support innovation, sustainable connection 

with industry, implementing new ideas, commercialization of ideas and other outcomes that shown in Figure 1 are 

the intermediate outcomes of government intervention in Iran’s HNIS.  One of the fundamental role of governments 

over time as an inter-outcome is reconfiguring the laws and regulations which severely affect the activities of the 

innovation system. For example, taxation policies are considered as the basic motivations for R & D activities that 

governments can benefit from it. [18] 

Chen in the study of China's national innovation system expressed, based on the government master plan for science 

and technology development by 2020, the cost of the country in the field of research and development would be 2.5 

percent of GDP and Chicness inventors are among the world's top five countries in registering patent property. [19] 
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Based on the logic model, changes in social, political, economic, technological, environmental status in long-term, 

that all arises from actions and activities carried out in a system, are as the late outcomes or impact. [12] The late 

outcomes show how to develop an innovation system and the role of various functions in this development over 

time.[15] With this approach, the late outcomes of the Iranian government's role in the health national innovation 

system is as a result of interaction chain of inputs, activities, outputs, early and intermediate outcomes that included: 

Increasing economic boom, improving public health condition, create wealth through business plans and new ideas, 

increasing the level of public satisfaction, turning ideas into products, expand the innovation culture in organizations 

and community and the internationalization of innovative ideas. To create an efficient chain of generation, 

dissemination and application of knowledge in the innovation system, tasks and activities of all system components 

should be explained and determined. In addition to identifying the main components of innovation systems and their 

relationships, we must examine exactly what occurs in these systems? What does an organizations do in relation to 

innovation process? How conventions, limit or stimulate organizations to do certain actions in the innovation 

process? What is the role of components relationship in the process of innovation? What are the overall system 

performance Include components and the relationships between them? [20] 

The main application of logic model is using them in indicators and evaluation of systems performance at different 

levels. With this model we can identify inputs, activities, outputs and outcomes indicators and examine the 

performance by measuring them. The results of this study help to define indicators related to the role of Iran’s 

government in HNIS in terms of inputs, outputs and outcomes, and measure the government's performance in certain 

time periods. However, awareness of the input indicators does not reflect the performance of the system, but it can 

be very helpful in the analysis of system performance in turning inputs into outputs. However, output indicators 

show somewhat efficiency of innovation system, but they cannot be considered as an outcome of innovative system 

with positive social and economic situation. For example, although a new product may be designed in a center, but 

as long as it is not a commercial product and not mass produced, it will not have any achievement for NIS and 

economic system of the country. Third group are outcome indicators that are the most important group of indicators 

in the study of performance of innovative national system. There are no specific data on these indicators in Iran 

during the studies. This, in turn, refers to the lack of attention of policy makers to the importance of these indicators 

on the one hand and failure to conduct an audit of the national innovation on the other hand. [10] 

Conclusions 

Identify and clarify the role of various actors in the health national innovation system, helps in planning and inter-

section cooperation. One of the most important players in the health national innovation system is the government, 

which has a vital role in the innovation system. In this study using the logic model, we examine the role of Iran’s 

government in HNIS in terms of inputs, activities, outputs and outcomes (early, intermediate and late). By 

identifying the role of government at different levels of the inputs, process, outputs and outcomes, related indicators 
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will be determined and the performance will be measure. If the understanding of policymakers about the system's 

performance to be increase, the more likely it will be to formulate appropriate and efficient policies. It is suggested 

that the role of industry and university as the other main actors of the national innovation system with the approach 

of the logic model should be considered in order to develop the policies and programs for the effective national 

innovation system. 
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Figure 1: Logic model of government’s role in the health national innovation system of Iran 
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Abstract: 

In an attempt to ascertain a suitable method for immobilizing long term disposal of radioactive solid 

waste (Strontium oxideofmolecular weight 5%) a verification method was adopted in two types of 

borosilicate glass (c-type) ( glass and glass-ceramics). To investigate the effect of Gamma-ray on 

mechanical properties of glass material and possible leaching, a Scanning Electronic Microscope 

(SEM) technique was adopted. The collected data showed that storage of radioactive nuclear waste in 

glass-ceramics could be safe for long time storing. 
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1-Introduction: 

Pollution of radioactive nuclear waste is a major problem in nuclear industry. Each type of waste 

requires a specific process for conditioning, packaging and storage to ensure complete safety to 

environment and health. Accordingly, for safe management, the radioactivity levels of nuclear waste 

were classified in to 3-major groups: 

(i) Low level radioactive waste (LLW) which requires short term storage (hours to 

months) with near surface elimination only. These wastes are usually compressed in 

containers filled with cement mortar and buried in trenches. 

(ii)  Inter mediate level radioactive waste (ILW) which includes waste with activity 

exceeds the upper limits ofLLW but with low heat output (lower than HLW). Much 

of ILW originated from spent materials used in nuclear industry e.g. fuel coating, 

mud, resins, and redundant equipment's. 

(iii) High level radioactive wastes (HLW) which have the greatest concentrations of 

radioactivity with large amounts of liberated heat. They are produced from 

reprocessing spent nuclear fuel. Fraction of HLW may comprise 95% of whole waste 

activity and hence should be stored for thousands of years in stable geological 

formations [1]. 

Radioactive waste can be classified as a major threat to human life for their versatile sourcing(medical, 

industrial and nature) and very long isotopic half-life. Accordingly and in perspective, researchers 

concentrated on disposing HLW. For their high radioactivity levels and extremely long half-life 

(thousands of years). Incidentally, however, strong wastes in metal tanks has proved a failure due to 

corrosion and leakage of ions (Hanford,USA incidence in 1973 [3]). This and other incidences have led 

scientists to store waste in glass, ceramics, mixture of both and cement [4]. Main radioactive metals in 

nuclear waste are
90

Sr and 
235

U. In this paper we tried to focus on the effect of long term 

storage of 
90

Sr radioactive waste on structure and mechanical properties of glass and 

glass ceramics stored under experimentally controlled conditions [4,5]. 

.  

2-Experimental Work: 

mailto:thoraiamsc@yahoo.com
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Preparation of glass: borosilicate glass C-type (Celsian) was prepared from oxides listed in Table 1. 

The table includes weight ratios and oxides phases adopted for the outfitting of the primary glass. 

Preparing these glass oxides or replacing them with carbonate or nitrate was done using their molecular 

weights, to ensure the required oxides ratios. Mixing and crushing the mixture simultaneously on 

Teflon balls for 24 h. the smooth and soften mixed powder was sorted using sieves of different sizes 

(95, 58, 38 mm). The crucible used for melting was preheated to 600°C for one hour and left to cool 

gradually. Sorted particle size and SrO with 5% of the weight of the waste (single ion) and salt. 

Strontium hydroxidewas used instead of the oxide with ratios carefully calculated were then heated in 
crucible inside the oven at 500 ° C for one hour and then rise the temperature to (1250-1300) ̊C for 3-4 

hours, shaking the milling inside the crucible to release the CO2gas. For more homogeny, in this case 

the molding fusion inside graphite mold heating at 500°C to prevent thermal stress during Leaflet 

casting. Leave the molded material inside the oven (under room temperature) and making sure that the 

glass of the product is amorphous by using x-ray diffraction and cutting the glass by planting the 

diamonds into a small sample while preparing for the heat treatment stages (to convert glass into 

ceramics). 

Table (1): Component of borosilicate glass C-type without waste 

Components Alternative Molecular Weight% 

SiO2  36.5 

AlO3  10 

B2O3  5 

CaO  10 

Na2O Na2CO3 8.5483 

Li2O Li2CO3 4.9453 

TiO2  6 

ZrO2  1 

ZnO  5 

MgO  1.5 

BaO  18 

  

 Preparation glass-ceramics cascade: this process was completed by to successive steps of thermal 

treatment. The first step preformed to achieve high degree of nucleation, and the second one to have 

maximum crystallization. Diagrammatic sketch of the performance of the 2-steps is illustrated in fig 

(1). The first step entails heating samples from 25C ֯ to 630 C ֯ for 3-hours to ascertain the nuclear state 

of the waste followed by heating up to 630C ֯ for 5-hours to attain maximum crystallization. To ensure 

conversion of glass to glass ceramics, x-ray diffraction analysis was performed and the result shows 

apparent crystalline tops in the diffraction pattern indicating the generation of crystalline phase 

throughout heat treatments [6]. 
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Fig.(1): The heat treatment to convert glass to ceramics 

 

Finally irradiation samples of glass and glass-ceramics by gamma rays emitted from radioisotope 
60

Cosource with two energies 1.17MeV and 1.37MeVand dose rate 0.38kGy/hr and the two types of 

samples (glass and glass-ceramics) was irradiated for 903 hour. Gamma irradiation process was done in 

University of Baghdad, College of Science, Department of Physics, Nuclear Laboratory. 

The mechanical test (Microhardness) measured by Vickers method used Digital Micro Vickers 

Hardness Tester TH714 was employed. 

 

 

3-Results and Discussion: 

The classical and most feasible method for rendering spent radioactive wasteunharmful is by dumping 

for long period of time. We took this in consideration and store the waste under study (5% SrO in 

powder) in glass and glass-ceramics containers for 5years. A simulation study concerning effect of 

radioactive on chemical-physical and mechanical characteristicsin glass and glass ceramics were also 

carried out.  

 

3.1-Gamma irradiation effects of on mechanical properties of Glass and Glass-Ceramics: 

Despite their brittleness, glass and glass ceramics are mechanically strong materials. Micro-hardness 

was therefore assessed in glass and ceramics counter part by Vickers method [7,8]. The results are 

listed in Table (2). The effect of radioactive waste was, also, compared with effect of long term storage 

(5 years). It is obvious that micro-hardness of glass ceramics was grates (46%) than glass alone and the 

hardness increased almost ten folds in exposure to Gamma radiation (343 kGy). Long term storage of 

irradiated glass and glass ceramics showed a relative decrease in micro- hardness amounting to 16% 

and 7% respectively; indicating the suitability of ceramics for long term storage of radioactive waste.  

 

 

 
Table 2: The microhardness of glass and glass-ceramic samples before and after irradiation 

materials 

 

Micro hardness/mm
2 

before exposure to gamma 

radiation 

Micro hardness/mm
2
 after exposure 

to gamma radiation with dose 343(k 

Gy) 

Micro hardness/mm
2
 after 5 years 

from exposure to gamma radiation 

with dose 343(k Gy) 
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Glass 88.6 811.7 698.15 

Glass-ceramics 154.9 927.2 858.75 

 

 

3.2-Phase Analysis: 

From SEM figures, it is apparent that Gamma-radiation had influenced the glass and ceramics 

structure, a case may be correlated to cumulative dose expected for actual waste glass. Radiation 

induced decomposition in these glasses was evidenced by the formation of oxygen bubbles with 

average diameter of 5nm. A comparison of the threshold doses reported above with the dose 

projections for actual waste indicates that ionizing radiation damage to the waste form may occur in 

less than ten years of storage of glasses. 

 

 

 

 

Phase analysis of the glasses was carried out using Scanning Electron Microscope (SEM) operating at 

30 kV to investigate the crystalline inclusions, bubbles and pores within the glass matrix. This 

indicated incomplete or inhomogeneous dissolution of initial ingredients, probably due to the short 

melting duration: 

1-For glass sample (without heat treatment) the samples checked by SEM testing.It is observed in Figs 

2, 3 and 4 that glass samples are never completely homogeneous materials but contain significant 

amounts of bubbles, foreign in collusions such as refractory oxides and other immiscible components. 

Note all pictures of SEM the magnification percentage 2.02kx and on scale of about 20 µm 

 

Fig. 2: The SEM micrograph for glass sample before exposure to gamma radiation 
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Fig.3: The SEM micrograph for glass sample after exposure to 343kGy of gamma 

radiation 

 

 

Fig. 4: The SEM micrograph for glass sample were exposure to 343kGy of gamma 

radiationafter 5 years aging. 

From the chemical analysis of the samples Fig.5, strontium is not present and 

is not affected by the long duration of storage in the glass sample. 
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Fig.5: The chemical analysis of the glass samples after 5 years 

 

Figs 6, 7 and 8 represent the SEM photographs for glass-ceramics immobilize nuclear 

waste before and after exposure to gamma rays and after storage 5 years. 

 

 

Fig.6: The SEM micrograph for glass-ceramics samples before exposure to gamma 

radiation. 

 

 

Fig.7: The SEM micrograph for glass-ceramics sample exposure to 343kGy of gamma 

radiation 
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Fig.8: The SEM micrograph for glass-ceramics exposure to 343kGy of gamma radiation 

sample after 5 years storage 

And From the chemical analysis of the samples, strontium is present and is not affected by the long 

duration of storage in the glass-ceramics sample as shown in Fig.9. 

 

 

Fig.9: The chemical analysis of the glass – ceramic exposure to 343kGy of gamma 

radiation samples after 5 years 

 

From SEM figures glass and glass-ceramic as a result the effect of gamma radiation. These studies are 

important in the radiation exposure required for the onset of glass damage which may be correlated to 

the cumulative doses expected for actual waste in glass. Radiation-induced decomposition in these 
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glasses was evidenced by the formation of oxygen bubbles in glass with average bubble diameters of 

5nm. A comparison of the threshold doses reported above with the dose projections for actual waste 

indicates that ionization damage to the waste form may occur in less than ten years of storage. Effects 

of gamma, ionization radiation may influence glass degradation, but studies have yet to be conducted to 

examine this process. An examination of these glasses would be crucial in identifying whether or not 

ionizing radiation may influence the stability of nuclear waste in glass.  

The diversity of defects caused by radiation and difficulties in interpreting the effects of damage on the 

anatomical volume increase with increasing complexity of formation of glass. It has also been shown 

that changes in the size of radioactive glasses depend on the composition of the glass. 

There is no agreement in the scientific community on the possibility of gamma radiation in stimulating 

the formation of bubbles; however, it is widely accepted that irradiation of the electron under an 

induced electronic field eventually leads to the separation of the bubble from the glass. Since electron 

irradiation mimics decaying beta reactions, the potential for bubble formation in the nuclear glass of 

waste is present. 

 The radiologically induced micro structural and bonding changes associated with ionization damage 

have the potential to influence radionuclide release rates during exposure to aqueous fluids. Potential 

radiogenic processes that have received little attention include glass devitrification and phase 

separation. For example, the radiolytic disruption of the Si-0-Si bonds to form the SiOH and SiH 

groups is also analogous to the network hydrolysis process and may therefore enhance glass dissolution 

upon exposure of the glass to aqueous solutions. A clear mechanistic understanding of ionization 

damage to glasses has not been reached, partially due to the limited number of studies to date and 

partially due to the complexities arising from tests with different glass compositions (and structures), 

radiation sources, and test conditions. 

The transformation of strontium into zirconium involves a change from the original nuclide, a network 

rate to a daughter that may be a previous network. If the extra zirconium production by conversion 

results in a total ZrO2 concentration of 1% by weight in the glass, then the glass may become saturated 

with zircon. Crystalline phases may begin to nucleate only if solid-state propagation rates are large 

enough to allow excess zirconium to cluster and dissolve from the glass structure. 

These processes will reduce the accumulation of damage in radiographs. The formation of bubbles 

resulting from alpha decomposition and / or ionization processes may occur during waste storage. The 

formation of these bubbles may increase the surface area available to the glass and, therefore, may 

affect leakage rates [9]. 

These effects are believed to be the result of phase morphology of these glasses and ceramics counter 

part of the less solid nature of one of these phases. 

 

Conclusions 

Effect of gamma rays on density and leaching of borosilicate glasses and glass ceramics, measured for 

doses of343 kGy was tested. The density of glasses decreases after irradiation by gamma ray, and the 

value of density remain constant with more increasing of radiation doses. A conclusion from these 

ionization studies is that the limited magnitude of Sr leaching associated with ionization damage does 

not appear to pose any direct problems for the safe storage of nuclear waste in glass and glass ceramics. 
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Abstract 
Background: Heart disease remains the leading cause of death for women in the world. Multiple lifestyle 

factors contribute to heart disease risk. In addition, hypertension, high cholesterol and diabetes increase the 

risk for myocardial infarction. Lactation may alter maternal glucose and lipid homeostasis and affect blood 

pressure regulation. Breastfeeding women have lower triglyceride and higher HDL cholesterol levels. 

Human studies indicate that lactation reduces blood pressure and heart disease. 

Objective: 

To explore the protective effect of lactation in cumulative number of years that women breast feed their 

babies on subsequent risk of obesity, hypertension, hyperlipidemia and cardiovascular disease among 

sample of Iraqi women. 

Subjects and methods: 

The Study was carried out in Al-Numan Teaching Hospital from April 2017 till February 2019. The study 

included 1200 women. 700 women fulfilled the inclusion criteria (Married with 1 child and more, lactating, 

have cardiac disease, non smoker, non diabetic). The rest 500 women were non-lactating with same criteria. 

 

Results: 

The study involved 1200 Iraqi women; their age was (44-67y). 700 0f them were lactating who have live 

births from (1-12) with mean of (5.171±2.425), the duration of lactation ranged from (3 -24 years) with 

mean of (8.557±4.405 year).The rest 500 were non-lactating. The body mass index (BMI) of both groups 

showed significant difference P≤ 0.0001. There was significant differences between the two groups 

regarding lipid profile including (S. cholesterol, TG, HDL  and LDL)  P≤ 0.0001 ,as well as  atherogenic 
index of plasma(AIP) for lactating and non-lactating women the P value were less than 0.001.   

There was negative correlation between duration of lactation and BMI,AIP and myocardial infarction. 

 

Conclusion: 

Breast feeding protects the lactating mother from risk of CVD later in life by reducing BMI, AIP. The more 

duration of lactation the more protection given to mothers against CVD. 

 

Keywords: Breastfeeding, BMI, AIP, hyperlipidemia, cardiovascular disease 

 

How to cite this article: Jaafar & Fawzi (2019): Role of breast feeding in protection against 

myocardial infarction in Iraqi women, Ann Trop Med & Pub Health, S20: SP2020-19 

Introduction 

Heart disease remains the leading cause of death for women in the US and developed nations. Multiple 

lifestyle factors contribute to heart disease risk. In addition, hypertension, high cholesterol and diabetes 

increase the risk for myocardial infarction. (1) 

So it is important to identify behaviors that modify women's risk of cardiovascular disease (CVD). Diet and 

exercise are widely known risk factors for CVD, but less is known about the effect of breastfeeding on 

maternal health on future risk of CVD. Breastfeeding is well known of great benefit to infant health, in 
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2004, only 11% of US mothers exclusively breastfed their infants for the first six months of the infant's 

life.(2) 

Lactation may alter maternal glucose and lipid homeostasis and affect blood pressure regulation. 

Breastfeeding women have lower triglyceride and higher HDL cholesterol levels (3) which are well known 

risk factors of CVD. Many studies indicated that lactation can reduce blood pressure and heart rate.(4,5). 

 

Researchers hypothesize that pregnancy and lactation are part of normal body physiological process, so 

lactation is a part of normal pregnancy, and when lactation does not occur; women maintain an elevated 

risk of cardio-metabolic diseases.(6) 

To obtain maximum maternal and child health, the World Health Organization recommends exclusive 

breastfeeding for the first 6 months of life followed by two years or more of breastfeeding supplemented by 

complementary foods(7), although  three studies by  Stuebe et al (8,9,10) and  another study done by Oken 

et al (11) reported otherwise. 

Breastfeeding is a protecting  factor for mothers health  especially against cardiovascular diseases as 

hypertension and  myocardial infarction, evidence suggested increased  protection with  increased duration 

of lactation by mothers, this  evidence comes from both cross-sectional ,retrospective and prospective 

studies that showed benefits were reported for ≥24 months of lactation for most outcomes including 
metabolic risk factors, hypertension, the prevalence and incidence of cardiovascular disease , and mortality 

from cardiovascular disease .(12,13,14). 

A recent large study that showed that  when duration of lactation is increased, the risk factor for developing 

heart disease  and type 2 diabetes decrease by 15% for each year of  lactation. This protection lasts for up to 

15 years after giving birth (15).
 

Hyperlipidemia, increased BMI and atherogenic index of plasma (AIP) are well known factors that increase 

risk of CVD. (16)  

Aims of the study: 

 1. To show the effect of breast feeding on lipid profile BMI and AIP. 

2. To clarify the role of breast feeding in protection against MI.   

3. To study the effect of duration of breast feeding on protection against cardiovascular disease.   

 

MATERIALS AND METHODS 

 
The Study was carried out in Al-Numan Teaching Hospital from April 2017 till February 2019. The pool of 

patients was from different areas in Baghdad: from center and rural area around Baghdad. A questionnaire 

form was filled by all women participating in the study. 

The patients included 1200 women admitted to the hospital, among these only 700 women fulfill the 

inclusion criteria the rest (500 women) had the same criteria but were non -lactating. 

Inclusion criteria: Married with 1 child and more, lactating, cardiac disease (myocardial infarction, 

hypertension).non smoker, non diabetic. 

Patients were admitted to causality unit, medical word and CCU department their age ranged from (45-

67year). For each woman a full history and medical exam were done, Weight and height were measured; 

blood pressure and BMI were calculated .The following tests were done to each participant in study: Lipid 

profile, atherogenic Index of plasma, ECG, Troponin test (positive troponin indicating Myocardial 

infarction, negative indicating no myocardial infarction). 

 

 

Results 
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 The study involved 1200 Iraqi women, their age ranged from 44-67y. 700 0f them were lactating who had 

live births from (1-12) with mean of 5.171±2.425, the duration of lactation ranged from 3 -24 years with 

mean of 8.557±4.405 year. The rest 500 were non- lactating. The body mass index of both groups shows 

significant difference P≤ 0.0001. Table (1) 

               Table 1:  shows demographic data of all women participating in this study 

N=1200 Lactating 

700 

Non lactating 

500 

P value 

Age year 45-66±2.23 44-67±2.45 0.5 

Number of live births 5.171±2.4255 

 

 

4.5± 0.52 0.56 

Duration of 

lactation(year) 

8.557143±4.405 

 

00 0.000 

Body mass index 27.1±1.859 34.2±1.37 0.0001 

P≤ 0.05 regarded as significant 

Table 2: Comparison between lipid profile AIP of lactating versus non lactating women 

parameter Lactating Non lactating P value 

S. cholesterol(mg/dl) 180.215±6.47 228.871±25.50 0.0001 

S. TG (mg/dl) 167.842±8.761 202.071±9.035 0.0001 

S. HDL (mg/dl) 45.457±3.352 33.214±2.339 0.0001 

S. LDL(mg/dl) 103.642±2.802 124.628±3.130 0.001 

AIP 0.286±0.09 0.692±0.35 0.001 

P≤ 0.05 regarded as significant 

Lipid profile including (Serum cholesterol, Triglycerides, high density lipoprotein and low density 

lipoprotein) with atherogenic index of plasma for lactating and non-lactating women are shown in table 

2.There was significant differences between the two groups regarding serum lipid profile parameters of 

lactating and non-lactating women; the P value were less than 0.001.  Table (2) 

Table 3: Data of lactating women versus non lactating regarding Cardiovascular disease (hypertension, 

Myocardial Infarction ,and Troponin) 

parameter Lactating N=700 Non lactating N=500 

Frequency Percentage% Frequency Percentage% 

Hypertension +ve 301 43% 399 79.8% 

-ve 399 57% 101 20.2% 

MI +ve 214 30.57% 377 75.4% 

-ve 486 69.428% 123 24.6% 

Troponin +ve 206 29.42% 312 62.4% 

-ve 494 70.57% 188 37.6% 

 

Table3. shows the differences between lactating and non - lactating women regarding percentage 

differences between the two groups, there was significant statistical differences between the two groups 

regarding hypertension, with higher value observed in non- lactating women ( P≤ 0.01), the percentage of 

MI was more in non- lactating than lactating as well as Troponin which shows more positive percentage 

than non- lactating women ( P≤ 0.01) . 
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Correlation between duration of lactation and AIP shows negative correlation of ( -0.793) which means as 

the duration of lactation increase, the AIP decreases. 

Duration of lactation with BMI shows negative correlation (-0.65) i.e. when duration of lactation increases 

the BMI of women decreases. The incidence of MI depending on ECG changes and Troponin shows also 

negative correlation with duration of lactation  ( -0.59) .  

Figure 1 and 2 shows the differences in lipid profile parameters and BMI between lactating and non 

lactating women . 

 

 

Fig 1:  Comparison of lipid profile parameters between lactating and non lactating women (Serum 

cholesterol, Triglyceride, LDL and  HDL) 

 

Fig 2: Comparision of body mass index between Lactating and non- lactating women 
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Fig 3: The differences between atherogenic index of plasma of lactating and non- lactating women 

 

Fig 4: Represents the percentage of hypertension among lactating and non lactating women involved in the 

study 
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Figure 3 and 4 illustrate the differences between the two group regarding AIP and, hypertension 

respectively while Figure 5 shows the incidence of myocardial infarction and troponin in lactating and non 

lactating women. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

 
Breastfeeding has both short- and long-term effects on maternal health by affecting risk factors of 

cardiovascular diseases like BMI, hyperlipidemia and AIP  so it is important to evaluate breastfeeding as  a 

modifiable risk factor for cardiovascular disease in parous women and whether lactation has long-term 

beneficial effects for maternal cardiovascular health(17). To our knowledge, there is no study done in Iraq 

that evaluate the benefits of breast feeding and its duration to the mothers health, especially the protective 

effect  against  cardiovascular diseases like hyperlipidemia, hypertension and MI.  

Lactation increases a mother’s metabolic expenditure, so mothers who do not breastfeed their babies have 

more weight and BMI in the postpartum period than women who do breastfeed (18). In addition, lactation 

improves insulin requirements, glucose tolerance, and   lipid metabolism (19, 20, 21).  Another studies 

similar to this study suggested a reduced risk of cardiovascular disease (22). However, the mechanisms 

through which lactation may decrease risk of cardiovascular disease can be attributed to the physiologic 

effect of Lactation which serves as a route for excretion of triglycerides and cholesterol. As the demand for 

triglycerides increases in the lactating mother, leading to a more rapid decline in triglycerides (23). These 

finding are similar to our results shown in table 2 as there was significant difference in lipid profile 

between lactating and non lactating women. This can be attributed to  large amounts of cholesterol that are 

secreted in milk, thereby reducing maternal serum concentrations of cholesterol so lactation can reset the 

 

Fig5: shows percentage of incidence of myocardial infarction and +ve troponin in Lactating and non- 

lactating women 
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abnormal metabolic changes that occur during pregnancy. If a mother does not lactate, she may have a 

persistent adverse metabolic profile, leading to an increased risk of cardiovascular disease. (24, 25, 26).    

 
The protection effect can be attributed to low atherogenic index in lactating mothers as shown in table 2 

and figure 3. These are in consistent with result reported by Qureshi et al   were they found an enhanced 

catabolism of very-low-density lipoproteins and generation of increased high-density lipoprotein (HDL) 

components (27). Our results that showed negative correlation between duration of lactation and incidence 

of heart disease i.e. when duration of lactation increases the incidence of cardiac diseases decreased. These 

results were synonym to those observed by a study from Norway on mothers aged <65 years that never 

breastfed had nearly three times the risk of death from cardiovascular disease over 15 years compared with 

mothers with a lifetime lactation duration ≥24 months. (14). But in our study the duration of lactation is 

much longer. In this study, there was low incidence of hypertension among lactating versus 

non- lactating (table 3, figure 4). These are similar to a study which shows a dose-response 

relationship between breastfeeding and various cardiovascular outcomes including hypertension and the 

prevalence of cardiovascular disease (28). Another two large cross-sectional/retrospective studies involving 

parous women <50 years  and postmenopausal women showed inverse dose-response associations between 

lifetime lactation duration up to ≥24 months  and several maternal cardiovascular risk factors including 

lipid levels, blood pressure, and the prevalence of cardiovascular disease (29,30). 

In our study the duration of lactation was longer 3-24 years this can explain the strong –ve correlation 

between lactation period and protection against CVD low BMI and AIP in lactating women involved in this 

study. 

Conclusions 

1. Lactation is protective against cardiovascular diseases including hypertension, MI  

2. As duration of lactation increase the protection increases. 

3. Lipid profile, atherogenic index and BMI are much better in lactating mothers than non lactating.  
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Abstract 

Skeletal muscles are the largest cells in the human body, the main function of skeletal muscles are to 

facilitate locomotion. Regeneration is process that rely on skeletal basement membrane, satellite cell 

(endogenous stem cells of skeletal muscles), and extra cellular matrix actuation.Sample of 40 mature male rabbits were used in

operative week ). The Extensor digitorum longus muscle was set as a model for skeletal muscle injury 

and examined after 3&6 weeks initiation of injury. The muscles tissue were prepared and examined 

histologically using H&E. Morphological changes during the degeneration and regeneration was 

assessed thoroughly. The degeneration and regeneration were overlapping both in time and 

morphological cellular changes. Mononuclear cells infiltration with debris removal was the key step to 

eliminate degenerative faction and start of regenerative process. Early myoblast appearance and new 

myotube formation occurred during the 3
rd

 week. By the end of the 6th week post operatively the 

muscle histological maturation and muscle fascicles .Not all injured muscle ended in complete 

recovery the muscle that showed abnormal infiltration of inflammatory cells, at early stage and ended 

with fibrosis. It was concluded that the process of regeneration is a dynamic type where degeneration 

and regeneration superimposed each other. 

Keywords: Skeletal muscle, muscle injury, inflammatory cells 

How to cite this article: Ali TA, Hussien AK, et al (2019): Histological study of skeletal muscle 

regeneration stain by hematoxylin and eosin, Ann Trop Med & Pub Health; S20: SP2021-19. 

Introduction:  

Skeletal muscle is the largest components in the humane bodies that comprise about 40% of total body 

mass, the main function of skeletal muscle is facilitate locomotion. Muscle fibers composed of 

myofibrils, the myofibrils  consist of actin and myosin filaments interact to from actinomyosin cross 

bridge, while generate muscle contraction, myosin and actin filaments are organized into sarcomeres 

which are the functional units of muscle contraction. The sarcomere is responsible for the striated 

appearance of skeletal muscle and form the basic machinery necessary for muscle contraction (Birbrair 

et al., 2013).The skeletal muscle satellite cell was first described and named based on its anatomic 

location between the myofiber plasma and basement membranes. That inducible ablation of satellite 



Ali et al (2019): Histological study of skeletal muscle    June 2019 Vol. 20 

 

©Annals of Tropical Medicine & Public Health SP2021-19 

 

 

cells in adult muscle resulted in impaired myofiber regeneration. The satellite cell indispensable role in 

muscle repair has been reaffirmed (Yablonka-Reuveni, 2011).In the juvenile growth phase when 

muscles enlarge, satellite cells have proliferative function and add nuclei to growing myofibers in most 

adult muscles, satellite cells are typically quiescent until their activation is invoked by muscle injury. 

Subtle injuries may lead to minimal proliferation of activated satellite cells, whereas major trauma can 

recruit greater numbers of satellite cells and promote prolonged proliferation prior to differentiation. As 

small myofiber injuries can occur routinely during daily activity, a mechanism for repair is essential for 

muscle maintenance throughout life (Ciciliot, &Schiaffino, 2010).During healing of injured muscle two 

process are taking place ,the regeneration   of disruptive muscle   tissue and the production of 

connective tissue element which may inhibit the complete regeneration of muscle tissue by excessive 

formation of granulation tissue (Lehtoet al., 1985). Muscle regeneration recapitulates many aspect of 

embryonic myogensis and is an important homeostatic process of the adult skeletal muscle , which  

after development , retains the capacity to regenerate in response to appropriate stimuli "qualified"  

environment is necessary to guarantee and achieve functional result , therefore loss of control over 

muscle precursor cell  these cell fate decisions could lead to a pathological trans differentiation leading 

to pathologic defect in the regenerative process ( Musaro, 2014).Skeletal muscle has an excellent 

ability to regenerate. The satellite cells (muscle precursor cell) which lie beneath the basement 

membrane are activated in response to injury. Activated muscle satellite cell (myoblast) proliferate, 

differentiation and fuse in to myotube, mature to form myofibers (Huijbregtset al., 2001). 

3. Materials and methods:  

Animals housing & feeding:3,1 

The present study was performed on 40 mature male rabbits. Their weight range between 2 to 2.5 

kilograms .The animals were placed in a plastic cages made with standardized criteria non-toxic 

material, non- pours, round corners, ease to clean. Food & tap water was freely offered. Each cage 

contained two animals. The cages were kept at25±2 Cº (room temperature) in a clean and well 

ventilated room. 

3.2 Induction of muscle injury: 

1- The injury was instigated under general anesthesia, each animal was anesthetized with mix of 

ketamine (35 mg /kg) and xylazine (5mg/ kg), in according with National Institutes of Health 

guidelines for care and use laboratory animal and approved by animal reticles committee UFPA/ 

Bioo21-11 .The doses of the two drugs calculated as follow:  

The calculated dose = Measured dose x weight/ Concentration. 

2- The surgical operation were approved by surgical department in Veterinary Collage  of Baghdad 

University ,the site of operation was shaved, cleaned and sterilized by using 70% ethyl  alcohol and 

povidone. 
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3-  The skin incised and separated  the subcutaneous fascia and deep fascia  were dissected .the tibialis 

muscle was identified and reflected extensor digitorumlongus muscle was recognized where it lie  under 

the lateral ,extensor hallucislongus muscle  

4- The extensor digitorumlongus muscle was cut transversely  (Figure 3-1&3-2) and then immediately  

returned to its position . Cut one side tendon of extensor digitorumlongus muscle, then after the tendon 

of origin of the extensor Digitorumlongus  

muscle was completely excised (Figure 3-3) 

5- The dissected muscle was sutured by using horizontal matterss suture pattern with an absorbable 

suture material, polyglactin 910 (Vicryl ) 0.3 ,(Figure 3-3).  

6- The subcutaneous tissues were closed by continuous suture pattern while the skin was closed by 

simple interrupted suture pattern using non absorbable suture material.  

7- Half splint was applied for a week for limiting the movement. 

8-  The animal were kept under antibiotic cover ceftriaxone was given for 3 days post operatively and, 

then extensor digitorumlongus muscle  taken after 3&6 weeks of operation . 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3-1): Shows the procedure of cutting the Extensor 

digitorum longus muscle. 

Figure (3-2): Shows the site of operation (pointed by the scalpel) 

in Extensor digitorum  longus  muscle  cut one tendon. 
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Figure 3-3: Shows suturing of the Extensor digitorum longus muscle 

 

3.3 Sample collection  

This study designs 3 groups of animals: 

1- Group A: Control group consists of 10 EDLM taken from animals not subjected to surgical 

operative.  

2- Group B: Experimental group consists of 15 EDLM taken from animals at end of 3
rd

   week post-

operative. 

3- Group C: Experimental group consists of 15 EDLM taken from animals at 6 
th

 week post -operative. 

3.4.    The preparation of paraffin section 
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The extensor digitorumlongus muscle were histologically prepared for paraffin section as follows: 

Fixation, dehydration, clearing, impregnation, embedding, sectioning, dewaxing, rehydration, staining 

and mounting, (Bancroft et al .,2012). 

3.4.1.     Fixation: 

The muscle tissues samples were fixed in formalin 10%. 

The formalin was prepared as the following 

 Formaldehyde  40% -------------------- 100ml 

 Tap water -------------------------------- 900ml 

The specimens were fixed for 24hr in room temperature. 

3.4.2.    Dehydration: 

 In order to ensure adequate dehydration of the samples, the muscle tissues were made to pass through 

an ascending concentration of ethyl alcohol: 

1- 70% for 24 hours. 

2- 90% for 5 hours. 

3- 100% for 2 hours. 

3.4.3.    Clearing: 

This step was done by transferring the specimens to xylene; two exchanges of 20 minutes for each to 

ensure a good transparency. 

3.4.4.   Impregnation and embedding: 

An oven (Fisher scientific model 615G) was used for embedding, the sections were placed  in labeled 

bathes of molten paraffin wax (E. Merck)with melting point 56Cº,two changes were performed, the 1
st
 

one is a mixture of xylene & wax for 1hour and the 2
nd

 is absolute wax for 2 hours. Then thespecimens 

were transferred to be blocked in paraffin wax using a labeled stainless steel embedding molds (L 

shape). When complete solidifying of the blocks occurs, the blocks were kept in refrigerator until used.  

3.4.5.    Sectioning: 

Serial sections of (4-7Micron) thickness were cut using the electrical microtome (Richertjung 0303 –

mot Bio cut microtome) and a KEDEE disposable microtome blade (KD808). These thin sections were 

transferred to a water bath (temperature 45Cº) before attaching the sections to the slides. Several sets of 

slides were made 

  7 Micron thick section were placed on glass slides for H&E stain. 

 4 Micron thick section were placed on positive charged slides e for IHC stain. 

3.4.6.    De-waxing and Rehydration: 
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  Achieved by treating the section with xylene for 30 minutes followed by passing them 

through descending concentrations of ethyl alcohol baths (100%, 90% and 70%) for 5 minutes, and 

then washed with distilled water.  

3.4.7.      Staining with hematotoxyline and eosin: 

The slides were stained with Hematoxylin (Harris Alum-hematoxylin) and Eosin (Bancroft et al., 

2013).  Hematoxylin and eosin staining method were used for the histological study for their 

comparative simplicity. The Harris modified hematoxylin (Fisher), which contained alum as a mordant 

and chemically ripened with mercuric oxide, was used regressively for nuclear staining (dark blue ). 

*The staining solution was prepared as follows: 

 Hematoxylin powder  (Fisher)                            (5 g) 

 Absolute ethyl alcohol (Fluke)                          (50 ml) 

 Potassium alum (BDH)                                       (100 g) 

 Distilled water                                                     (950 ml) 

 Mercuric oxide (Fluke)                                        (2.5 g) 

 Glacial acetic acid (May and Baker)                (40 ml) 

       Hematoxylin was dissolved in absolute alcohol, and then added to the alum, which was previously 

dissolved in warm distilled water in a flask. The mixture was rapidlybrought to the boiler and the 

mercuric oxide was then added. The stain was rapidly cooled by plunging the flask into cold water. 

When the solution was cold, the glacial acetic acid was added. The stain was then strong and was 

filtered before use. 

Eosin-yellow 1% weight/volume (Fluke) was used with the alum hematoxylin as a counter stain to 

demonstrate the general histological architecture, and to distinguish between the cytoplasm of different 

cell types, different connective tissue fibers and matrices (red-pink), the staining solution was prepared 

as follows: 

 Eosin Yellowish  powder (Fluke)                         (10 g) 

 Distilled water                                                      (990 ml) 

 

 The staining procedure was done as follow: 

 After the slide being de-waxed and hydrated, they were stained in the alum hematoxylin for 3 

minutes and then washed well in running tap water. 

 Stained in 1% eosin yellowish for 30 second and washed in running tap water for 1 minute. 

 Dehydrated in ascending concentrations of ethyl alcohol (90% and 100%) for 1 minute, 

cleared in xylene for (5) minutes and mounted by permount (DPX). 

Results: 

4.1General morphological events of skeletal muscle: 
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Skeletal muscle regeneration was set to be investigated by this study using the autografting method, 

followed postoperatively in 2 different time, 3
rd

 week post-operative  period  because it represent the 

peak of regeneration and 6
th

 week because it represent the final picture for regenerative.EDL  muscle 

was chosen as experimental model because it's easy approachable in dissection . This muscle was 

examined   in 2 different times postoperatively Cross examination of the muscle at 6
th 

week post injury 

revealed the presence of an intact muscle with at site of healedinjury, while the 3
rd

 week cross 

examination showed the that site of injury was still weak,uneven and narrow,figure (4-1 & 4-2).Some 

of injured muscle ended in fibrous tissue formation and scarrepresents failure of regeneration .few 

cases of infection at the site of injury happened. 

 

 

 

 

 

 

4.1.1: Histoarchitectural regenerative dynamics in skeletal muscle 

regeneration: 

Figure (4-1): show the skeletal muscle regeneration in 3rd week post-operative period with an uneven heal site (narrow 

and weak) 

Figure (4-2): show the skeletal muscle regeneration in 6thweeks post-operative period where the site of injury showed 

complete regeneration. 
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It is necessary for a muscle to restore several types of connection and arrangement to gain its 

morphological and functional state, this study emphasis on 3 major aspect in studying regeneration 

process: 

1- Revascularization.   

2- Re- establishment connection tissue elements. 

3- Muscle cell activity during regeneration. 

 Early stages of regeneration showed the start of degenerative process at the site of injury, where 

infiltration of inflammatory cell was  observed at the site of injury and even in between intactperipheral 

muscle fiber (Figure 4-3 A,B ).Muscle cells at the site of injury start to degenerate through the 1
st
and 

early stages after injury (seen in preliminary study) and by the start of the 3
rd

 week,regenerativeprocess 

noted young muscle fibers that start to appear within the autografted muscle, still there were infiltration 

of mononuclear inflammatory cells at this site injury with large amount of  connective tissue in 

between these new muscle fibers  (figure4-4) A degeneration process recorded in the 3
rd 

post-operative 

weekincluded synchronized balanced activity between degeneration and regeneration. A degenerative 

process which was represented by infiltration of different type of inflammatory cells occupy spaces 

between degeneration muscle cells and ultimately enteredperimysium and endomysium was 

accompanied by appearance of new muscle fiber and high vascular infiltration of small blood vessels  

(Figure 4-4). Removal of debris and degenerative fragment muscle was seen by the end of 3rd 

weekwhere the scene was clear of any inflammatory cells (Figure 4-5). A regenerative process which 

startedby the end of debris removal, showed an importantintense phenomena of revascularization. 

Different types of blood vessels, capillary, arterioles and venules was seen occupying the connective 

tissue surrounding new muscle formed specially capillaries. Large number of capillaries was seen in 

each section both in between muscle and in surrounding, (Figure 4-5 & figure 4-6).Process of 

degeneration and regeneration in skeletal muscle overlapped each other both in time and morphological 

changes. by the time when revascularization  started,inflammatory cell started to abolish, and at the 

same time new muscle cell fibers started to appear, the whole process was a very dynamic, (Figure 4-7 

& 4-8).Early myoblast appear at the 3
rd

post-operative weekwas a common feature seen at the time, 

these cells where seen as groups of small, rounded cells with small nucleus centrally located and 

eosinophilic cytoplasm, (Figure 4-9 & 4-10).Early myoblast formation usually accompanied by the 

presence of fibroblast, few mononucleuscell around them. Myoblast start to arrange themselves in row 

or longitudinal manner to form what is called the train or early myotube, (Figure 4-11). The process of 

degeneration and regeneration was proved to be a synchronized one where all elements of both 

regeneration and degeneration can be found at the same time, this was dynamically associated with a 

striking changes in connective tissue elements in between these newly formed muscle tube .At the 

begging, the new myoblast formed was widely spaces by a loose type of connective tissue, (Figure 4-

12).With further progress the myoblast to myotube, the myotube showed a centrally located train of 

nuclei  at the beginning thenthe  nuclei were seen to be  pushed toward  the periphery with the 

advancement  of the process of laying myofilament ,forming  train of nuclei that   start to arrange 

themselves at the periphery, myotubewith time the regeneration acquired  more sarcoplasm and started 
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to increase in size (Figure 4-12).As the process continuous the spaces occupied by connective tissue 

element start to diminish and well identificated epimysium but  perimysium started to be formed which 

was highly vasculatured, (Figure4- 13& Figure  4-14).By the end of 6
th

 week fully matured muscle 

fibers were seen although the number of nuclei per cell was more than normal, (Figure4-15) and 

connective tissue element was still  arranged in a non-uniform manner, (Figure 4-16).The new  muscle 

cell itself showed a dynamic  form of changes started as a small cell , with a centrally located nucleus 

and eosinophilic  cytoplasm , it continuous to increase in size and laying  myofilament in it to formtype 

2 C fibers, and as the process continuous with time  it gain full maturity, (Figure 4-15, 4-16).However 

by the end of 6
th

 week post operatively the process of regeneration was still continuous and going on, 

examination of tissue seen by this time showed, a fully well-organized mature muscle cell with 

peripherally located nuclei and a well identified connection tissue layers represented by endomysium, 

perimysium and epimysium .Large blood vessel was seen located in connective tissue sheath Figure (4- 

17).Not all grafted  muscle  end in a  successful way, some  showed  a heavy infiltration with 

mononuclear inflammatory cell, in muscle that  early stages ended in fibrosis tissue formation (Figure 

4-18 )and then ultimately yielded  in a failure  of regeneration and  the graft  ended in fibrosis (Figure 

4- 19 ).On the other hand some of these fibrotic failedmuscle grafts still showed a small foci of 

regenerative activity, was detected, in some places a marked proliferation of fibroblast, and probably 

thin regeneration foci was imprisoned between this heavy inflation of fibroblast (Figure 4- 20& 4-21) 
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 Discussion:  
5.1    In vivo experimental injury a models for regeneration:  

Skeletal muscle is consider as the largest component in human body  and many other animal. It forms 

about 40% of the total body mass in human, these muscles chiefly act to drive locomotion 

(Holmberg&Durbeej , 2013).  

Muscle injuries are the third most common type of injuries occurring after skin and bone injury and are 

the commonest injury during sports.  Skeletal muscle has a remarkable a capacity for regeneration in 

normal and under experimental condition (Robertson et al., 1993). 

 To follow the process of skeletal muscle regeneration experimentally many experimental models are 

present .Choosing ideal model should  follow certain criteria which  includes the capability of 

following changes  tissue during degeneration and regeneration plus that the ideal experiment model 

should  have the features that are comparative with muscle disease and some other condition so that 

,the major  changes happing during experimental injury will be of a benefit  and  enlighten the way for 

comparing these changes with real muscle injury in human . In vitro model study remove an essential 

element in the regenerative process by abolishing the host affect this affect cannot be ignored and form 

the most essential element in regenerative process (Tedesco et al., 2010). 

Although several methods and models are set to study skeletal muscle regeneration like mincing 

autografting, allografting and in vitro model are still used. In vivo muscle injury still represents the best 

model to study skeletal muscle injury. 
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5.2Mechanisms of skeletal muscle repairing and regeneration:  

The time schedule  of the main events during muscle regeneration   are essential and form an 

overlapping   schedule and  superimposed process these stages included in regeneration of injured 

muscles are  revascularization reinnervationand lastly establishment of tendon connection the mention 

above process are crucial stages for muscle regeneration (Schiaffinoet al ., 2013). 

 In this study the stages mention above were well identified clearly during post-operative follow up in 

different groups. Overlapping stages of both degeneration, where muscle start to fragment and come 

what is called ghost cells and regeneration was well documented. On the other hand, revascularization 

was seen at the same time of degenerative stage. Revascularization is the crucial regenerative events 

that happens early after trauma, the pattern of revascularization in regenerating muscle is related to the 

number mononuclear inflammatory cells that invade the traumatic area in early stages of degeneration ( 

Ciciliot&Schiaffino ,2010). 

 The phase of necrosis and inflammation response is time dependent phase, this inflammatory response 

plays important role in muscle hemostasis and recruitment of specific myeloid cells population with in 

injured area. The phagocytic activity of some inflammatory cells involved the laying of high 

concentration of free radicals and protease enzymes and these in turn will induce resident cell and 

mainly satellite cell to from new muscle fibrosis (Musaro, 2014). 

 Newly formed muscle fibers was seen in the beginning  of regenerative process at 3
rd

 post-operative 

week cell ,these were small rounded muscle with centrally located nucleus usually mononucleotide and 

myofilaments were not settled yet they are named some time as type 2C fibers. These fiber are 

considered as one of most important key stages of regeneration and they are the start point of formation 

of new muscle fibers  eventually they gain maturity with the advancement of  time  and forms mature 

skeletal fibers . In a study done to follow the behavior of  type 2C fibers in regenerated muscle 

histochemically type 2C fibers found to dominate the  scene  in early regenerative period and prior  to 

establishment of neuromuscular contact ,late stages of regeneration showed decrease  in the number of 

these fibers and in fully regenerated muscle they was  were hardly seen  (Nonaka,1991). 

Type 2C muscle of are not confined to experiment regenerating model but there are also found in many 

neuromuscular disorder including Duchenne muscular dystrophy and motor neuronal disease 

(Li&Huard,2002) 

Studies of the behavior of type 2 C fibers in regenerating muscle using advanced methods will be very 

helpfull to study and understand the nature and capacity of regenerating process in muscle dystrophy 

and other muscle disease. 
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Abstract 

The current study was conducted on the Karkh Water Project on the Dijla River in Baghdad Governorate. The 

station was selected as a project to filter water and feed Karkh water. The study included measuring the 

concentrations of some heavy metals in the waters of the Dijla river during the period from October 2018 to March 

2019. Five heavy metals (cadmium, lead, chromium, nickel and mercury) were taken by three models of river water, 

The results showed that the concentration of heavy metals (nickel, chromium and mercury) was within the 

permissible limits, and nickel concentrations were few and were within the limits of Iraqi standards. The results of 

the study showed high concentrations of cadmium and lead, which were above the permissible limits of the standard 

Iraqi standard.  If  lead concentrations were ranged (0.005 – 0.15) mg/L, which was high compared to the allowed 

limits, the concentration  cadmium  were ranged (0.009 – 0.034) mg/L  the  is more than the permissible limits in all 

stages of drinking water. The values obtained (pH)were within a small range This is the normal rate of drinking 

water  (7.2 -8)(pH). 

Keywords: heavy metals, pollutants, river water 
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1. Introduction  

The emissions of pollutants to the natural environment, especiallyheavy metals is a universal problem(heavy 

metals); most of them have toxic effects on life when became more than  permissible concentration levels
[1]

. Heavy 

metals are either biological or chemical mechanisms,sources introduced into river water and this is coming primarily 

from sources such as soil erosion,rock weathering and the dissolution of water-soluble salts.The heavy metals 

aquatic environments strongly associated with different types of human activities
[2, 3]

. 

Heavy metals, such as mercury, are considered lead, arsenic, cadmium and selenium are among the most dangerous 

substances that pollute  soil and water, and the most important sources of this pollution are waste, plant waste and 

melting combustion  coal and automobile exhausts and pesticides containing arsenic. One of the major health 

problems in drinking water sources is the presence of elements heavy and with concentrations of more than the 

permissible limits according to international and Iraqi standards for water. Since heavy elements are a potent and 
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effective factor in the promoting  various human diseases including cancer. All these metals share much in their 

natural qualities Their chemical reactions are different and this applies to the environmental effects  of some of these 

minerals such as mercury, lead and cadmium create a risk to public health while other minerals such as chromium, 

iron and copper are limited to their effects on the workplace that occurs where exposure to long periods and 

therefore less dangerous than other metals such as lead which has increased in recent times and became very 

abundant in water, air and food. Many heavy metals are essential for life, even if used in very small quantities,but 

they are toxic if their concentration reaches a high level in the body which then becomes capable to interfere with 

cell growth and gastrointestinal tract. Heavy metals are available at low concentrations in the water ecosystem
[4]

. 

Heavy elements are present in the water occuring  naturally and with varying concentrations from one environment 

to another due to several factors such as geological erosion of rocks containing elements and extraction of raw 

materials of mines, processes of preparation and use of metals and their compounds in industry and use chemical 

fertilizers, agricultural pesticides and chemical factories and waste.The sources of pollution of the heavy elements of 

the Dijla River are agricultural pollution, industrial pollution (chemical industries, engineering industries, food 

industries, textile industries, construction industries) and pollution caused by civil activities. 

Many studies have dealt with Iraq's water quality and the efficiency of desalination plant  water researcher pointed 

thorns
[1]

 to the existence of significant fluctuations in the chemical composition of water Raw and slant water during 

the different months of the year. Shahin
[2]

 studied valuation of water treatment at the left-hand water liquefaction 

plant in Mosul. The results showed good efficiency of the plant in removing some impurities and inefficient in 

removing other impurities.The results of the study by Mohsen
[3]

 to evaluate the composite performance of  Asala 

Water showed that the efficiency is fairly acceptable for plant treatment  for the removal of impurities while the 

plant failed to remove sulphates, hard acids and ions. Dissolved solids  gave an unacceptable removal ratio. As well 

as results the occurrence of certain characteristics of river water within the required specifications and some override 

the allowed limits. Many researchers also studied river pollution and concentration
[6]

, heavy elements in 

groundwater
[4]

.The aim of the present study was therefore, to investigate the impact of heavy metals of the Dijla 

river and the Al karkh water project. 

 

 

Materials and methods 

Samples were collected from the Al Karkh water purification plant located north of Baghdad / Tarmiyah. Samples of 

treated water  were collected from three sites: 

1-Fresh untreated  water directly from the river near the plant. 

2-Freshuntreated  water before entering  purification and treatment . 

3-Treated water after purification. 

The river water stages and then over a period of five months were measured for  concentrations of heavy elements 

(cadmium, lead, chromium, nickel and mercury) in the water by the Atomic Absorption Spectrometer which were 

measured at the Central Environmental Laboratory at Baghdad University College of Science. Samples of fresh 
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untreated  water taken directly from the river near the plant,fresh untreated  water before entering  purification and 

treatment ,treated water after purification reaching the citizens to ensure The water treated and used by the consumer 

conforms to standards and observed changes caused by treatment.The aim of selecting these Sites to demonstrate the 

influence of the city's offerings in the Dijla River and its content on the heavy metals.As shown  the image (figure 1) 

in the illustration of the Al Karkh water project site. 

 

 

Figure 1:  AL Karkh water project 

 
 

 

Results and discussion 

 
In our study a comparison was made  between the three  water collection sites table (1) and fig (1).Results showed 

an increase in Lead concentration (Iraqi Standards)  in all three sites. Concentration were (0.07-1.4 mg/l)(for the 

fresh river water, before treatment water and after treatment  water respectively). Such an increase above the Iraqi 

standards limit (0.01mg/l) for lead could be due to the waste product thrown in the river  by the  petrochemical plant 

which is near the purification plant (north of city) another  possibility for such could be due to : that the water is 

already above the limits when it reached the plant. With regard to cadmium  which is known  to accumulate  the 

body, the  concentration results showed an increase of 0.01,0.01 , 0.009 mg/l for fresh untreated water , untreated 

water before purification, treated water respectively in comparison with Iraqi Standards 0.003mg/l  (table 2 and 
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figure 2). Cadmium is used in fertilizers industry [10].Tables (3,4,5) Mercury ,nickel and chromium showed no 

increases above Iraqi Standard limits . 

 

 

Table 1: Monthly and local changes of Lead(Pb)    in the studied area  

Month 

 

karkh water project 

Oct 

mg/L 

Nov 

mg/L 

Dec 

mg/L 

Jan 

mg/L 

Feb 

mg/L 

March 

mg/L 

Average 

mg/L 

Limits of Iraqi 

standard mg/L 

River Fresh water 0.07 0.09 1.16 2.0 2.5 2. 2 1.3 0.01 

Untreated water 0.06 0.07 1.12 1. 7 1.0 1.0 0.825 0.01 

Treated  water 0.06 0.08 1.13 1. 7 0. 9 1.0 0.811 0.01 

 

 

 

Fig 1: Monthlychanges oflead with concentration gm/l. 

 

 
Table 2:  Monthly and local changes of Cadmium (Cd)   in the studied area 

 

 

 

Month 

 

ALkarkh 

water 

 project 

Oct 

mg/L 

Nov 

mg/L 

Dec 

mg/L 

Jan 

mg/L 

Feb 

mg/L 

March 

mg/L 

Average 

mg/L 

limits of the 

standard Iraqi 

standard mg/L 

Fresh water 0.004 0.008 0.006 0.08 0.0 9 0.01 0.034 0.003 

Untreated water 0.004 0.008 0.005 0.07 0. 08 0. 01 0.03 0.003 

Treated water 0.003 0.007 0.005 0.07 0.08 0.009 0.029 0.003 
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Fig 2: Monthlychanges ofcadmium with concentration gm/l. 

 

 

Table (3) Monthly and local changes ofmercury(Hg)  in the studied area 

 

 

 

 

Month 

 

 

karkh water 

project 

Oct mg/L Nov mg/L Dec 

mg/L 

Jan 

mg/L 

Feb 

mg/L 

March 

mg/L 
Average 

mg/L 

limits of 

the 

standard 

Iraqi 

standard 

mg/L 

Fresh water 0.00065 0.00008 0.00012 0.00009 0.00006 0.00162 0.00043 0.001 

Untreated 

water 

0.00065 0.00007 0.0001 0.00008 0.00004 0.00006 0.00016 0.001 

Treatedwater 0.00004 0.00004 0.00009 0.00007 0.00003 0.00002 0.00048 0.001 
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Fig 3: Monthlychanges of mercury with concentration gm/l. 

 

 

 

Table 4: Monthly and local changes ofchromium(Cr)in the studied area 

 

 

 

 

 

 

Month 

 

karkh 

water 

 project 

Oct 

mg/L 

Nov 

mg/L 

Dec 

mg/L 

Jan 

mg/L 

Feb 

mg/L 

March 

mg/L 
Average 

mg/L 

limits of 

the 

standard 

Iraqi 

standard 

mg/L 

Fresh water 0.007 0.008 0.06 0.025 0. 015 0.02 0.0225 0.05 

Untreated 

water 

0.006 0.003 0.05 0.02 0. 009 0.015 0.0171 0.05 

Treated water 0.004 0.001 0.015 0.009 0.01 0.01 0.0065 0.05 
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Fig 4: Monthlychanges ofchromiumwith concentration gm/l. 

 

 

 

 
Table 5: Monthly and local changes of1 nickel(Ni)in the studied area 

 

Month 

 

karkh  

water project 

Oct 

mg/L 

Nov 

mg/L 

Dec 

mg/L 

Jan 

mg/L 

Feb 

mg/L 

March 

mg/L 
Average 

mg/L 

limits of the 

standard 

Iraqi 

standard 

mg/L 

Fresh water 0.007 0.008 0.006 0.008 0.00 6 0.009 0.022 0.02 

Untreated water 0.004 0.007 0.005 0.009 0. 004 0.00 9 0.0078 0.02 

Treated water 0.005 0.008 0.005 0.01 0.00 4 0.01 0.007 0.02 
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Fig 5: Monthly changes ofnickel  with concentration gm/l. 

 

 

Conclusions and recommendations 

 

The laboratory results obtained after measuring the heavy elements are nickel, mercury, cadmium, chromium and 

lead.The results indicated above that the Dijla water contains some heavy elements and higher rates such as lead and 

cadmium .A higher concentration both of lead and cadmium was observed.It is permitted in the Iraqi standard of 

2017 as the permissible limits.This is due to the site of the station located in the north of the city where the 

pollutionEnvironmental problems. This requires removal of heavy elements such as lead. 
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Abstract 

This study was achieved in order to determine the inhibition of gene expression of MexAB-OprM 

and MexXY efflux pumps by using different novel inhibitors including: Levofloxacin, AgNPs and 

Beta rays emitted by Tl
208

 and Sr
90

 on  P.aeruginosa (XDR).Efflux pumps are responsible for 

pumps various kinds of antibiotics including quinolones (fluoroquinolones), Aminoglycosides, B-

Lactam and Polymyxin for  Pseudomonas aeruginosa(XDR).  Levofloxacin utilized as novel 

inhibitor to MexXY and MexAB-OprM efflux pumps of P.aeruginosa (XDR) and the percentage of 

killing was determined. Detection of gene expression by using qRT-PCR, did not improved gene 

expression of MexXY and MexAB-OprM when Levofloxacin 50 mg/ml was added when studying 

the  gene expression of mexX and  mexB encoded to MexXY and MexAB-OprM efflux pumps. 

Silver nanoparticles(AgNPs) used as new inhibitor of MexXY and MexAB-OprM efflux pumps of 

P.aeruginosa(XDR), the percentage of killing calculated , the survey of gene expression by utilizing  

qRT-PCR was determined. The results  did not show  gene expression of the MexXY and MexAB-

OprM when  Silver nanoparticles100 mg/ml was added  to  study  mexX, mexB and compared with 

control (without treating). 

Beta rays utilized as new inhibitors  emitted ofTl
208

  radio source  with activity 1 𝛍ci, dose 

12.93*10
-10

 KGy  for 3 hr.; also exposure to Sr
90

radiosource with activity 1 𝛍ci, dose 1.937*10
-10

 

KGy  for 3 hr. and  exposure to  Sr
90

radiosource with activity 9 𝛍ci, dose 6.3*10
-10

 KGy  for 3 hr. 

The results exposition Beta radiation P.aeruginosa (XDR) showed the number of colonies less than 

the control with rise in the percentage of killing of  P.aeruginosa(XDR), also it found the that 

morphology of the colonies changed compared with the original(control). Detection  gene 

expression of  P. aeruginosa (XDR) prior exposition  to Levofloxacin, AgNPs, Beta rays and after 

exposition to Levofloxacin, AgNPs, Beta rays was achieved by qRT-PCR technique, RNA 

extraction of P. aeruginosa (XDR),synthesis of cDNA ,calculate gene expression according to 

Livak equation to detect gene expression of MexXY and MexAB-OprM  efflux pumps with study 

of mexB and mexX gene. The results exhibit gene expression prior exposition to Levofloxacin, 

AgNPs and Beta rays were highly in MexXY and MexAB-OprM efflux pumps of P. aeruginosa 

(XDR) but fewer after exposition to Levofloxacin, AgNPs and Beta rays. The Levofloxacin, 

AgNPs, Beta irradiation were  had competence in  killing P.aeruginosa and qualification as novel 

inhibitors to inhibit gene expression of MexXY and MexAB-OprM efflux pumps P. aeruginosa 

(XDR). 
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Introduction     

Pseudomonas aeruginosa is gram negative bacteria, causing many diseases in the human body, 

including wounds infection, burns infection, eye infection, skin infections, urinary tract infection, 

middle ear infections, bacteremia and Nosocomial infection as well as causing disease in 

individuals  who suffer from HIV disease[1].  

Efflux pumps are membrane- bound transporter proteins having a wide spectrum of antibiotics 

specificity and expel drug [2]. Protein channel that are  located in cytoplasmic membrane have an 

important role in removing different type of agents. Chromosomal genome of Pseudomonas 

aeruginosa encodes for many types of efflux pumps, especially family Resistance Nodulation cell-

Division (RND), so–called multidrug efflux pumps (MDR-Efflux pumps) like MexAB-OprM and 

MexXY [3, 4]. The antibiotics that are removed from the bacterial cell includes: Novobiocin, 

Quinolones, Chloramphenicol, Tetracycline, B-Lactams, Trimethoprim and Macrolides [5]. 

Mutation in genes causes rapid development of resistance of P.aeruginosa to antibiotics during 

short treatment period. This is dangerous because the development of resistance during treatment 

cause   treatment failure   from bacterial infection [6, 7]. 

MDR (Multi Drug Resistance) is acquired non-susceptibility to at least one agent in three or 

more antimicrobial categories while XDR (Extensively Drug Resistance) is as non-

susceptibility to at least one agent in all but two or fewer antimicrobial categories (bacterial 

isolates remain susceptible to only one or two categories) and PDR (Pan Drug Resistance) is 

non-susceptibility to all agents in all antimicrobial categories[8]. 

A quinolone antibiotic is a member of broad-spectrum bactericides which are used in human 

medicine to treat bacterial infections [9]. Nearly all quinolones antibiotics in use 

are fluoroquinolones which contain a fluorine atom in chemical structure and effective against 

both Gram-negative and Gram-positive bacteria. One example is ciprofloxacin, one of the 

most widely used antibiotics to treat from many types of bacteria[10].Fluoroquinolones are a 

first-line therapy for genitourinary infections and treatment of hospital-acquired infections 

such as urinary catheters, in community-acquired infections for multidrug resistance, for acute 

cases of pyelonephritis  and bacterial prostatitis [11].Fluoroquinolones are used prominently 

in guidelines for the treatment of hospital-acquired pneumonia [12]. 

https://en.wikipedia.org/wiki/Broad-spectrum_antibiotic
https://en.wikipedia.org/wiki/Bactericide
https://en.wikipedia.org/wiki/Infection
https://en.wikipedia.org/wiki/Fluorine
https://en.wikipedia.org/wiki/Gram-negative
https://en.wikipedia.org/wiki/Gram-positive
https://en.wikipedia.org/wiki/Ciprofloxacin
https://en.wikipedia.org/wiki/Pyelonephritis
https://en.wikipedia.org/wiki/Prostatitis
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Levofloxacin is a quinolones antibiotic, antimicrobial spectrum for Gram positive bacteria 

and Gram negative  as well as used in treating  different bacterial infections  including acute 

bacterial sinusitis, pneumonia, urinary tract infections, chronic prostatitis and gastroenteritis. It 

is used along with other antibiotics to treat tuberculosis, meningitis, pelvic and inflammatory 

disease. The action of Levofloxacin is by inhibiting topoisomerase (DNA gyrase), which 

inhibits relaxation of supercoiled DNA and allow breakage of double stranded DNA [13, 14] 

The reason for the difficulty treating infectious diseases is due  resistance to many  

antimicrobials including : B-lactam, macrolides ,  fluoroquinolones  which were effective 

against many  pathogen[15] and also  resistance to polymyxin , colistin (polymyxin E), a 

group of polypeptide antibiotics that are  used extensively in topical and ophthalmic solutions. 

Two forms of Colistin are commercially available, Colistin sulfate and Colistimethate sodium 

that binds with the anionic lipopolysaccharide molecules by displacing calcium and 

magnesium from outer cell membrane of gram negative bacteria, leading to permeability 

changes in the cell envelope, leakage of cell contents and cell death [16, 17]. 

qRT-PCR is one of the molecular biological techniques  used to amplify the gene and 

determine its existence gene ,as well as identifying a gene expression even for few mount of 

genes , allow to amplify the product Complementary DNA (c DNA) copied from mRNA ,so-

called quantitative reverse transcription Real Time PCR( qRT-PCR) ,which depends on the 

use of Reverse Transcriptase responsible for converting RNA to cDNA. In qRT-PCR, 

pigments used are SYBR Green dye which is linked to a specialist in minor groove of double 

strand DNA.  It is fast and sensitive for the detection of a small amount of mRNA, based on 

the data mathematically values of cycle threshold (ct) that reflect the values of the amount of 

change gene expression[18,19,20]. 

 (nm) in size with a circumference nanometres are particles between 1 and 100 Nanoparticles

 essentially r,matte  nanoscale ofacial layer is an integral part interfacial layer. The interf

affecting all of its properties. The interfacial layer consists of ions, inorganic and organic 

.]21[molecules 

Silver nanoparticles (AgNPs) are antimicrobial agents, widely used in medical applications 

[22].Silver types are Ag+ and AgNO3 used as a source of silver ion, AgNPs or Silver 

sulfadiazine, which is an effective inhibitor [23,24].AgNPs have lower cellular toxicity than 

AgNO3   when used as a source of silver ion. Silver ions are widely used as disinfectants to 

control burns and eye injuries. Silver ions can block the bacterial cell wall that penetrate the 

cell wall and  interfere with physiological functions of respiration and cell metabolism by 

binding to the thiol group in the protein thus causing the membrane to break down [25]. 

Colloidal AgNPs prepare by chemical reduction , radioactive chemical reduction methods, 

acoustic chemistry and chemical reduction method. The size of AgNPs is 5nm to 40nm.The 

most important in the preparation of metal nanoparticles (AgNPs) is the biological method. 

https://en.wikipedia.org/wiki/Antibiotic
https://en.wikipedia.org/wiki/Acute_bacterial_sinusitis
https://en.wikipedia.org/wiki/Acute_bacterial_sinusitis
https://en.wikipedia.org/wiki/Pneumonia
https://en.wikipedia.org/wiki/Urinary_tract_infection
https://en.wikipedia.org/wiki/Chronic_bacterial_prostatitis
https://en.wikipedia.org/wiki/Gastroenteritis
https://en.wikipedia.org/wiki/Tuberculosis
https://en.wikipedia.org/wiki/Meningitis
https://en.wikipedia.org/wiki/Pelvic_inflammatory_disease
https://en.wikipedia.org/wiki/Pelvic_inflammatory_disease
https://en.wikipedia.org/wiki/Nanometre
https://en.wikipedia.org/wiki/Nanoscale
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Many microorganisms use to prepare  nanoparticles include bacteria, yeasts and fungus to 

produce different sizes of silver particles are: Lactobacillusspp., Bacillus megaterium, 

Klebsiella pneumonia, Bacillus licheniformis, Corynibacterium spp., Proteus mirabilis, 

Bacillus spp., Staphylococcus aureus, Pseudomonas aeruginosa,(AgNPs) are effective 

against Gram positive and negative bacteria [26]. 

Metallic nanoparticles not only enhance the antimicrobial activity but bactericidal activity 

that extensively used to treat infections in human cell because their low toxicity [27, 28]. 

Beta rays is an electrons or neutrons (positively charged electron ) that possesses high speed 

energy produced from the nucleus as a result of the disintegration of the proton or neutron 

and emitted  particle known as the neutrino or anti neutrino, beta or another nuclear reaction  

to get rid of excitation energy[29]. 

 

Materials and methods 

Bacterial isolates 

A total of 200 P .aeruginosa isolates were collected from several samples (abscess, wound , 

burns , Sputum , blood , urinary tract catheter , urine and tumors ) from patients who were 

admitted  to  Baghdad hospitals from  2017-2018.These isolates were identified by 

conventional biochemical reactions according toestablished criteria [30].The isolates were 

inoculated a nutrient agar  plate. The results were read after 24 and 48 hr. of incubation at 

37°C  and antibiotic sensitivity was done to different antibiotic Colistin(Polymyxin 

E),PolymyxinB, Gentamicin, Nalidixic acid, Aztreonam, Carbenicillin, Lomefloxacin, 

Levofloxacin, Ciprofloxacin, Norfloxacin,Tobramycin, Amoxicillin and Ofloxacin, 100 P 

.aeruginosa isolates were XDR (Extensively Drug Resistance)  inoculated on  Muller Hinton 

Agar plate. 

 

):XDR(aeruginosaP.onas inhibitors (Antibiotics)Antimicrobial agents Effect of  

Antimicrobial Susceptibility 

This test was indicated for  all isolates by using disc diffusion test to thirteen type of 

antibiotics included: Colistin ,PolymyxinB, Gentamicin, Nalidixic 

acid,Aztreonam,Carbenicillin,Lomefloxacin,Levofloxacin,Ciprofloxacin,Norfloxacin,Tobram

ycin,Amoxicillin  and Ofloxacin. The results were compared according to the 

recommendation of CLSI [31]. 
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Table 1:Antibiotics test used by disc diffusion method: 

 

No. 

Types of 

Antimicrobial 

 

Symbol 
 

Concentr

ation of 

disc 

(µg/disc) 

Origin/ 

Company 

1 Colistin CT 

 

10 

 

 

 

 

 

 

 

 

 

 

 

Bioanalys

e 

(Turkey) 

2 Polymyxin PB 300 

3 Gentamicin CN 10 

4 Tobramycin TOB 10 

5 Aztreonam ATM 30 

6 Amoxicillin AX 25 

7 Carbenicillin PY 25 

8 Nalidixic Acid NA 30 

9 Lomefloxacin LOM 10 

10 Levofloxacin LEV 5 

11 Ciprofloxacin CIP 10 

12 Norfloxacin NOR 10 

13 Ofloxacin 

 

OFX 5 

 

):(XDR   P.aeruginosa on inhibitors Novel  as Levofloxacin  Effect of 
The method used to inhibit  gene expression of MexXY and MexAB-OprM efflux pumps of 

P.aeruginosa (XDR)  by using qRT-PCR technique when  adding Levofloxacin  with 

different concentrations 50,60,70 mg/ml with study of the mexX and mexB that encode 

toMexXY and MexAB-OprM efflux pumps of P.aeruginosa(XDR) and compared 

withcontrol (without treating to Levofloxacin). 

 

 

:)(XDR   P.aeruginosa on inhibitorsnew as  )AgNPsSilver nanoparticles (Effect of  
 

Determination of the minimum inhibitory concentration (MIC)of Silver 

nanoparticles(AgNPs):- 

1- Determine the Minimum Inhibitory Concentration (MIC) of silver nanoparticles. 
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2-Added different concentrations of Silver nanoparticles (AgNPs) (50, 60, 70, 100 and 120 

mg / ml). 

3-The lowest inhibitory concentration was identified as the least concentration of the 

antibiotics that preventing the emergence of bacterial growth. 

4-The gene expression of the mexX, mexB gene were studied after extraction of RNA from 

P.aeruginosa(XDR) of sub-MIC for Silver nanoparticle as inhibitor to efflux pumps. 

5-cct was calculated for the isolation, then compared with gene expression of the before 

adding Levofloxacin as novel inhibitory (control). 

 

Effect of Beta rays (Tl
208

 and Sr
90

 radiosources)as inhibitors on P.aeruginosa (XDR): 

P.aeruginosa (XDR) cultivation was done according to [32] with some modifications as 

follows: P.aeruginosa(XDR) were cultivated in Pseudomonas agar at 37° C for 24 hr. to reach 

the stationary-phase culture, centrifuged (5000 rpm for 10 minutes), the  supernatant was 

removed and the precipitate was re-suspended  using sterile normal saline (physiological 

saline), the suspension was mixed using vortex to get homogenous suspension, which 

compared with the McFarland solution (1.5*10
8
 CFU/ml ), then 5 ml of this solution was 

exposed to Beta ray of Tl
208

radiosource with activity 1 𝛍ci, dose 12.93*10
-10

 KGy  for 3 hr., 

also exposure to Sr
90

radiosource with activity 1 𝛍ci, dose 1.937*10
-10

 KGy  for 3 hr.  and  

exposure to  Sr
90

radiosource with activity 9 𝛍ci, dose 6.3*10
-10

 KGy  for 3 hr. inoculated in 

Trypton soya agar at 37° C for 24 hr. , the colonies were counted, the effect of inhibition was 

evaluated and calculated the percentage of killing (reduction of bacterial growth) counted by 

using the equation below: 

 

The equation used to calculate percentage of Killing: 

 

 

 

 

 

 

Detection gene expression of MexXY and MexAB-OprM efflux pumps by using 

Quantitative Real Time PCR (qRT-PCR): 

Detection of mexX gene , mexB gene that encode to MexXY and MexAB-OprM efflux pumps 

by using qRT-PCR with use(Go Taq®1-Step RT-qPCR kit)and extraction of RNA  with use 

(SV Total RNA Isolation System Kit),kept in (-20°c) , and  placed in qRT-PCR Smart Cycler: 

Percentage of Killing %=Control – treated 

Control * 100 
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Table 2: The components used for the detection of gene expression: 

 
Size of interaction 

Mixture of one  

Tube  (Microliter ) 

Final 

concentration 
Component 

 

 

12.5 1x Go Taq®1-Step RT-

qPCR 

2.5 1    Picomole Forward  Primer 

(10 Picomole) 

2.5 1    Picomole Reverse Primer 

(10 Picomole) 

0.5 1x RT mix 

5  Template RNA 

2  Distill Water (deionized) 

25  Final size 

 

Programmed device Smart Cycler   (Quantitative Real Time PCR)as follows  : 

Process Steps 

One cycle for 15 minute in 95°c to primary denaturation of cDNA 

template . 

1 

40 cycle included:  

2 

 

(20)sec. in temperature 49°c denaturation of cDNA A 

cDNA template (20)sec. in temperature 60°c to annealing 

with Primer. 

B 

(30)sec. in temperature 72°c  to  Elongation  Primers linked 

with cDNA 

C 

One cycle for (5)minute in 72°c to final Elongation to cDNA  . 3 
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The calculated Ct (Cycle threshold) that in form Disassociation Curve represent value of gene 

expression of mexB and mexX gene , calculated the gene expression according to Livake  

method[33]: 

∆Ct(Treated sample) = Ct GOI – Ct norm. 
∆Ct(Calibrator) = Ct GOI – Ct norm. 

∆∆Ct = ∆Ct(treat.) - ∆Ct(cal.). 
Fold change   = 2

- ∆∆Ct
. 

Treated: refers to P. aeruginosa (XDR) treated with Antibiotics, AgNPs and Beta rays. 

Calibrator: refers to P.aeruginosa (XDR) not treated with Antibiotics, AgNPs and Beta rays. 
GoI : refers to value of target gene (mexB ,mexX gene). 

Ct norm .: refers to value of Ct gene rps (housekeeping gene) . 

 

 
Results and Discussion 

Detection gene expression of MexXY and MexAB-OprM efflux pumps by using 

Quantitative Real Time PCR (qRT-PCR): 

qRT-PCRis a technique of molecular biology based on the polymerase chain reaction 

(PCR) that is used to amplify the gene and determine its presence, as well as determine its 

gene expression even if a small number of genes, it is a sensitive method, allows to amplify 

the product of cDNA (Complementary DNA) replicated inversely from mRNA, Quantitative 

reverse transcription Real Time PCR (qRT-PPR) which is based on the use of reverse 

transcriptase, responsible for the conversion of RNA to cDNA, compared target gene with 

housekeeping gene(It is essential for cell life and the mRNA construction of it is stable and 

safe in different tissues)[34]. 
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Table 2:Primer sequences used in study gene expression of MexAB-OprM and MexXY 

efflux pumps of P.aeruginosa(XDR)by using q RT-PCR 

No. Gene Sequences of gene No.of  

Nucleotide 

 

 

1 

 
 
mexB 

mexB1  

'5-ATCCGCCAGACCATCGCCA-3' 

19 

mexB2  

'5-CATCACCAGGAACACGAGGAGG-3' 
22 

 
 

2 

 
 
mexX 

 

mexX1 

 

 

'5-TGAAGGCGGCCCTGGACATCAGC -3' 

 

 

23 

 

 

mexX2 

 

' 5-GATCTGCTCGACGCGGGTCAGCG-3' 

 

 

23 

 

 

 

 

Table 4:Gene expression of MexAB-OprM and MexXY efflux pumps of 

P.aeruginosa(XDR)by using qRT-PCR Before exposure to inhibitors: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ration 
(Fold 1) 

 
 

∆∆Ct 

Treated 
 

Calibrator 

 

 
sample 

 
∆Ct rps mexX ∆Ct rps mexX 

32.4 -5.02 4.41 22.3 26.71 9.43 16.11 25.54 1 

3.6 -1.84 5.09 18.85 23.94 6.93 16.33 23.26 2 

2435.5 -11.25 -0.98 34.47 33.49 10.27 17.27 27.54 3 

      

Ration 
(Fold 1) 

 
 
∆∆Ct 

Treated 
 

Calibrator 

 

 
sample 

 ∆Ct rps mexB ∆Ct rps mexB 

32.4 -5.02 4.41 22.3 26.71 9.43 16.11 25.54 1 

18.0 -4.17 5.29 22.12 27.41 9.46 15.76 25.22 2 

6.4 -2.69 7.31 12.94 20.25 10 16.11 26.11 3 
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The antibiotic  specificity for each Mex efflux pumps were used as including Carbenicillin, 

MexABOprM; Erythromycin, MexCD-OprJ; Norfloxacin, Imipenem, MexEF-OprN and 

Gentamicin, MexXY. The qRT-PCR is a potential-attractive method for diagnosis of efflux-

mediated resistance in P. aeruginosa. Diagnosis of efflux-mediated resistance is helpful for 

clinical analysis (rationalizing the antibiotic selection and dose) and epidemiological studies 

(monitoring the existing and prevalent resistance mechanisms) [35,36]. 

 

P inhibitor of Novel   as Levofloxacin  ffect ofe andagents Antimicrobial of Effect 

:)(XDR aeruginosa  
Antibiotic resistance is not a recent original issue, it has been observed since the first use of 

penicillin, resistance development in some bacterial isolates rapidly [37]. Antimicrobial 

resistance to antibiotics is the emergence of bacterial isolates that  do not inhibit their growth 

by MIC inhibitor. Antimicrobial resistance that cause problems are Multi-Drug Resistant 

(MDR) that observed in Gram-negative bacteria resistance to a wide range of antibiotics and 

increase morbidity and mortality [38, 39].  The most important antibiotic resistance in 

P.aeruginosa by permeability barrier[40], alteration in Target Site[41], production of 

antimicrobial enzymes[42]and efflux Pumps[43]. 

 

Table 5: Antimicrobial agents test of P. aeruginosa by Disc diffusion method: 

 

 
 

 

 

 

 

 

 

 

 

Bacterial resistance to antibiotics is affected by several factors such as of bacteria involved, 

location of infection,  concentration of antibiotics and the immune system [44].P.aeruginosa  has 

No. CIP NOR LEV OFX LOM NA TOB CN AT

M 

PY AX PB CT 

1 R R S R R R R R R R R R R 

2 R R S R R R R R R R R R R 

3 R R S R R R R R R R R R R 

4 R R S R R R R R R R R R R 

5 R R S R R R R R R R R R R 

6 R R S R R R R R R R R R R 

7 R R S R R R R R R R R R R 

8 R R S R R R R R R R R R R 

9 R R S R R R R R R R R R R 
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little sensitivity to most of the antibiotics in medical treatment and making it a dangerous 

pathogen  that threaten  human healthy[45].The resistance of P.aeruginosa to antibiotics is 

because  having resistance genes either on chromosome or on plasmids that cause the 

development bacteria to antibiotic resistance [46].  The resistance of polymyxin is either intrinsic 

or acquired. The resistance of bacteria to colistin is based on phoP-phoQ systems in a low 

magnesium environment  when the concentration of magnesium is inhibited, the isolates become 

sensitive to polymyxin; phoQ sensor kinase activation of phoP activating PmrA-PmrB activates 

the expression of genes responsible for encoded enzyme that necessary for Lipid-A[47]. The 

resistance of colistin also caused by gene mutation of mexZ that regulation MexXY [48]. 

Quinolone antibiotics have a lethal effect on microorganisms that inhibit DNA replication by 

inhibiting DNA-gyrase by break the helical binding of a DNA strand [49]. Resistance genes 

to antibiotics may carry on plasmid or on chromosome [50].Resistance develops through lack 

of permeability of the outer membrane or production of OprM proteins cause a reduce in 

permeability of the outer membrane of bacteria and reduce the accumulation of antibiotics 

inside the cell of bacteria[51,52]. 

The resistance of bacteria to aminoglycoside antibiotics is because several mechanisms including 

the production of aminoglycoside modifying enzyme (AMEs) [53]or resistance by changing 

membrane permeability[54].The efflux pump inhibitors as new therapeutic agents due to 

development of multidrug resistance(MDR)of pathogens that  result in  difficulties to eliminate 

many infectious diseases because overproduces express of efflux pumps that are responsible for the 

expelling the antibiotics from the cells, chemotherapeutics is a new direction used efflux pump 

inhibitors. The compounds used for inhibition efflux pump: either analogs for antibiotic or use 

chemical compounds as inhibitor (EPI)for efflux pumps[55]. 
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Table 6: Gene expression of MexAB-OprM and MexXY efflux pumps of P.aeruginosa (XDR)by using q RT-PCR after adding 

Levofloxacin as Novel inhibitor: 

 

Ration 
(Fold 1) 

 
 ∆∆Ct 

Treated 

 
Calibrator 

 

 

sample 

 ∆Ct rps mexX ∆Ct rps mexX 

0.0 16.04 -1.96 24.94 22.98 -18.0 18.0 0 1 

 

0.0 24.0 30.0 0.0 30.0 6.0 40.0 34.0 2 

 

0.0 16.06 -1.94 23.94 22.0 -18.0 18.0 0 3 

 

Ration 
(Fold 1) 

 
 ∆∆Ct 

Treated 

 
Calibrator 

 

 

sample 

 ∆Ct rps mexB ∆Ct rps mexB 

0.0 13.04 

 

-1.96 25.94 23.98 -15.0 15.0 0 1 

0.0 15.31 

 

-1.96 25.94 23.98 -17.27 17.27 0 3 

0.0 0.3 

 
10.0 15.0 25.0 9.0 18.0 27.0 2 

 
The results showed in table 6 by using Levofloxacin as novel inhibitor to MexXY and 

MexAB-OprM efflux pumps of P.aeruginosa(XDR), calculate the percentage of killing, study 

gene expression by using qRT-PCR , fold calculate by Livake equation that mean gene 

expression. The results of MexXY and MexAB-OprM not expressed by adding Levofloxacin 

when studied mexX and mexB with adding 50 mg/ml and compared with control (without 

treating to Levofloxacin) have very high gene expression 2435.5. Levofloxacin is an effective 

inhibitor (Novel inhibitor) to efflux pump MexXY and MexAB-OprM of P.aeruginosa (XDR). 

 

 

:(XDR)  P.aeruginosa on ) as new inhibitorAgNPsSilver nanoparticles(of Effect  

Nanoparticle action is the direct bound of metal nanoparticles to the active site of efflux pumps and 

expelling antibiotics outside the cells. Metal nanoparticles act as a competitive inhibitor of antibiotic for 

the binding site of efflux pumps [56]. 
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Another action of nanoparticles are destruction of efflux kinetics of MDR efflux pump, MexAM-OPrM 

in  P. aeruginosa, cause close of proton gradient and disruption of membrane possible or loss of proton 

motive force (PMF), resulting in damage of driving power necessary for efflux pump activity [57,58]. 

Also the combination metallic nanoparticles with an antibiotic that diminish their concentration drug 

dosage and reduce the toxicity to human cell lines [59]. Zinc oxide nanoparticles a novel efflux 

pump inhibitory on NorA efflux pumps of S. aureus, 22% raise zone inhibition for 

ciprofloxacin in the existence of zinc oxide nanoparticles in S. aureus and E. coli [60]. 

 

 
Table 7:  Gene expression of MexAB-OprM and MexXY efflux pumps of P.aeruginosa (XDR)by using qRT-PCR after 

exposure to AgNPs as new inhibitors: 

 

Ration 
(Fold 1) 

 
 ∆∆Ct 

Treated 

 
Calibrator 

 

 

sample 

 ∆Ct rps mexX ∆Ct rps mexX 

0.0 16.06 -1.94 23.94 22.0 -18.0 18.0 0 1 

 

0.0 13.04 -1.96 25.94 23.98 -15.0 15.0 0 2 

 

0.01 6.1 0.3 25.2 25.5 -5.8 33.5 27.7 3 

 

Ration 
(Fold 1) 

 
 ∆∆Ct 

Treated 

 
Calibrator 

 

 

sample 

 ∆Ct rps mexB ∆Ct rps mexB 

0.0 16.04 

 

-1.96 24.94 22.98 -18 18.0 0 1 

0.0 15.31 

 

-1.96 25.94 23.98 -17.27 17.27 0 3 

0.8 0.3 

 
10.0 15.0 25.0 9.7 18.0 27.7 2 

 

The results in table7 showed use Silver nanoparticles(AgNPs)as new inhibitor of MexXY and 

MexAB-OprM  efflux pumps of P.aeruginosa(XDR), calculate the percentage of killing, fold 

that mean gene expression that calculate by Livake equation  when study mexX and mexB that 

encode  to MexXY and MexAB-OprM efflux pump, the results were zero gene expression (no 

gene expression of efflux pumps)when adding AgNPs 100mg/ml) and compared with control 
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(have high gene expression befor added silver nanoparticles). Silver nanoparticles (AgNPs) is 

an effective new inhibitor of MexXY and MexAB-OprM  efflux pumps of 

P.aeruginosa(XDR). 

 

 :(XDR)  P.aeruginosaonsrayEffect Beta   
The lethal effect of ionizing radiation on microorganisms, determined by the absence of colony-

forming unit (CFU) in medium. Some scientists suggest the mechanics of killing microorganisms 

by ‘radiotoxins’ that are the toxic matter created in the irradiated cells responsible for lethal effect. 

Others suggest the radiation was directly deleterious to the cellular membranes, enzymes  energy, 

metabolism and cytoplasmic membrane[61]. 

 
Table 8:Colonies of P. aeruginosa (XDR) after exposure to Beta rays, Time, Dose  and Percentage of killing : 

Percentage 

of Killing 

% 

Number of colonies 

of 

P.aeruginosa(XDR) 

Dose (KGy) Time (hr.) Activity 

(Mci) 

Radiosource 

(Isotope) 

93.3 % 10 𝛪𝛃=12.39*10
-10 

 

3 1 

 

Tl 
208

 

90 % 15 𝛪𝛃=1.973*10
-10 

 

3 1 

 

Sr
90

 

96 % 6 𝛪𝛃=6.3 *10
-10 

 

3 9 

 

Sr
90

 

 Control = 150 colonies 

 

(Control  : Means  P.aeruginosa  without exposure to radiation). 

From  table (8) Beta rays as new inhibitors that emitted by Tl
208

  radiosource  with activity 

1 𝛍ci, dose12.93*10
-10

 KGy  for 3 hr.,  also exposure to Sr
90

  radiosource with activity 1 𝛍ci,dose 1.937*10
-10

 KGy  for 3 hr. and  exposure to  Sr
90

  radiosource with activity 9 𝛍ci, 

dose 6.3*10
-10

 KGy  for 3 hr. It was obtained after exposure to were colonies of  

P.aeruginosa(XDR) less than the control with increase  the percentage of killing of  

P.aeruginosa(XDR), also the morphology of the colonies changed compared with the 

original(control). 
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Table 9:  Gene expression of MexAB-OprM and MexXY efflux pumps of P.aeruginosa (XDR)by using qRT-PCR after 

exposure to Beta ray: 

 

 

The results in table 9 show  Beta rays also used as new inhibitors of MexXY and MexAB-

OprM  efflux pumps of P.aeruginosa(XDR), emitted fromTl
208

  radiosource  with activity 1 𝛍ci, dose 12.93*10
-10

 KGy  for 3 hr.; exposure to Sr
90

radiosource with activity 1 𝛍ci, dose 

1.937*10
-10

 KGy  for 3 hr. and  exposure to  Sr
90

radiosource with activity 9 𝛍ci, dose 

6.3*10
-10

 KGy  for 3 hr. Calculate fold (mean gene expression)  calculated by Livake 

equation  when study mexX and mexB encoded to MexXY and MexAB-OprM efflux pump, 

the results were zero gene expression (no gene expression of efflux pumps)when exposure 

to radiation and compared with control (have high gene expression before exposure to 

radiation). Beta radiation is an effective new inhibitor of MexXY and MexAB-OprM efflux 

pumps of P.aeruginosa (XDR).  

Radiation-induced ionizations labor directly on the cellular content molecules or indirectly 

on water molecules causing water-derived radicals; radicals interact with close molecules 

resulting in fraction of chemical bonds  and cause oxidation (addition of oxygen atoms) of 

the influenced molecules, the great impact in cells is DNA fracture[62,63].  The radiation is 

a physical process of  decontamination because it  destroy bacterial DNA, inhibiting 

bacterial division [64]. Radiation a physical cold sterilization method, the ionizing radiation 

was used widely for the treatment of different types of infections [65].The insinuation of 

microbial cells to ionizing radiation push to the cells which damage their organization, 

Ration 
(Fold 

1) 

 
 

∆∆Ct 

Treated 
 

Calibrator 

 

 
sample 

 ∆Ct rps mexX ∆Ct rps mexX 

0.0 16.04 -1.96 24.94 22.98 -18 18 .0 0 1 

0.0 24.0 30.0 0 30 .0 6.0 40 .0 34 .0 2 
 

0.3 1.42 10.8 14.0 24.8 9.38 17.12 26.50 3 

     

Ration 
(Fold 

1) 

 
 
∆∆Ct 

Treated 
 

Calibrator 

 

 
sample 

 ∆Ct rps mexB ∆Ct rps mexB 

0.0 16.06 -1.94 23.94 22.0 -18 .0 18.0 0 1 

0.0 13.04 -1.96 25.94 23.98 -15.0 15.0 0 2 

0.7 0.38 9.38 15.12 24.50 9 14.0 23.0 3 
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nucleic acids(especially DNA) are the prime target for cell deterioration from ionizing 

radiation [66]. 

With modern antibiotics and the high incidence of MDRPA worldwide, use lethal dose of 

gamma rays to MDRPA at 3 kGy insinuation of bacterial cells to ionizing radiation which  

effected on cell organization, Nucleic acids(DNA), there are three types of deterioration in 

DNA, single strand breaks, double strand breaks and nucleotide break(base damage) and 

destroy in the sugar moiety[67,68]. 

A preceding study by Brown ( 2008) and Fischer ( 2014)  used radiation (ionizing 

radiation)for cancer treatment because it organize ions in the cells of the tissues. ions element 

electrons from atoms and molecules, this  put to death cells, change genes that pause 

growing. The radiation is significant in therapy [69].The radiation oncologist (a doctor treat 

cancer with radiation) chose the type of radiation that’s most convenient for each patient’s 

cancer type and location. Beta particles are mainly generated by particular radioactive 

material that injected or put into the body. It is called “Radiopharmaceuticals”, radiation 

cause deleterious to the genes of DNA in cells when radiation damages the genes of cancer 

cells, they can’t develop and divide any further, the cells pass away[70,71]. 

 Beta particles are speedy dynamic electrons released from the nucleus during radioactive 

degeneration. Humans are exposed to beta particles from man-made and natural radiation 

provenance, such as Tritium, Carbon-14 and Strontium-90. Beta particles are more 

penetrative than Alpha particles but are less deleterious,they travel space in air but can be 

minimize or paused by a layer of clothing or by Aluminum, Beta-emitters are most dangerous 

when they are sniffed or guzzled[72]. 

Beta particles are high-energy, high-speed electrons released by particular types of radioactive 

nuclei such as Potassium-40, the beta particles emitted are a form of ionizing radiation also 

known as beta rays ,when radiation react with substance, beta has the medium penetrative 

power and the medium ionizing force[73]. 
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Abstract 

Refractive Surgery of Myopia performed by  LASIK , Z-LASIK , PRK , Phaco and I.C.L. on 52 

patients including 20 patients for LASIK surgery, also 20 patients for Z-LASIK, 8 patients for PRK, 3 

patients for PHACO surgery and 1 patients for I.C.L., this type of surgery is  used for vision correction 

because it is quick and painless. The patient’s vision was examined before and after the surgery by 

using Snellen chart to determined visual acuity; the corneal thickness, shape of cornea were determined 

by Topography; the refractive error was measured before and after surgery by using Auto refractor 

meter, also determine gender, age and degree of glasses for each patient.   The refractive surgery of 

myopia was performed in order to discard the use of glasses. Patients after the 18 years were eligible 

for surgery using LASIK, Z-LASIK, PRK except PHACO and I.C.L techniques. The processes of 

PRK, Z-LASIK works with little thickness of cornea of 480 microns. High degrees of short sightedness 

  were corrected by PHACO surgery due to the thickness of the cornea which could not tolerate scrape 

to perform the surgery for all grades.  I.C.L. can be used better on  young patients  because after 

surgery, there is  no need to glasses compared with LASIK,PHACO and Z-LASIK surgery may require 

glasses after surgery , this surgery undesirable for young. Surgery using PRK technique until 4 degrees 

of short sight safely while works LASIK surgery with more than 4- degrees occurs with LASIK 

surgery. Z-LASIK works only with high degree of myopia with a little cornea thickness of 480 

microns, either with very low degrees of myopia with a cornea thickness of 500 microns or more works 

Z-LASIK and LASIK both. 

 

Keywords: Myopia, LASIK, Z-LASIK, PRK, Phaco, I.C.L. and Refractive surgery. 
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Introduction 

Myopia or shortsightedness is a type of refractive fault in which parallel rays of  light arriving from 

infinity are concentrate in front of the retina when conditioning is at  rest [1].Its incidence has increased 

over the past decades, leading to a growing concern in the general populace and scientific community 

[2].  Myopia is on the increase around the globe [3, 4, 5].  Patients with higher grade of myopia are in 

danger of developing sight-threatening complication such as continuation visual defect (or “blindness”) 

from myopic macular degeneration, cataract, glaucoma, retinal pores and lachrymation and retinal 

detachments [6, 7]. Myopia has been included as the sixth main cause of vision loss [8]. In particular, 
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myopia important is due critical retinal detachments in patients having between 4-8 grades of myopia. 

This risk is increased after having an uneventful cataract extraction or a YAG capsulotomy . The event 

of retinal detachments is rising significantly as a result of increase in myopia. Delay in dealing with  

myopia in children could essentially affect the lives of 42 million adults in the United States 

[1].Myopia has been in general  categorized by age based on the onset of the  pathology as school age, 

or adult onset. Pathologic myopia, commonly observed before six years of age caused by unnatural and 

maximum stretching of the axial longitude of the eye mostly does not advance and is often linked with 

precocious retinal modification [1]. School age nearsightedness  happen  among  6 and 18 years of age 

and is thought to proceed steadily via delayed adolescent or early twenties [9]. This kind of myopia is 

correlated with higher IQ scores, most time spent reading and less hours of exposition to sunlight as 

contrast to non-myopic patients [10].There are clinical differences types of myopia including 

congenital nearsightedness, simple or evolution myopia, pathological or deterioration myopia and 

gained myopia. Simple or developmental myopia, also known as physiological or school myopia, is the 

widespread variety, it serves as a physiological error not related with any disease of the eye whereas 

congenital myopia is existent since birth, determined by the age of 2-3 years, it is more considerably in 

children who were born before the due time or with diverse birth defects such as Marfan's syndrome 

[11]. 

 laser vision or laser eye surgery as usually knownusis) itu Keratomileor (Laser in s Lasik or SIKLA    

. astigmatism , andhyperopia ,myopia ofrectification for the  refractive surgery of , is a kindrectification

bend for  lcorneato reshape   laser a utilizeswho  ologistophthalm by ancarry out The LASIK surgery is 

 lensessuit  or eyeglasses to lasting alternate-a long facilitatesLASIK  12].[ visual acuityof  perfection

Refractive  Photo ,process tother surgical reformis identical to LASIK is generality[13].

surgical  in the radiate keratotomy seems to an improvement over. All LASEK (PRK), and Keratectomy

which  or thin cornea myopia highto temperate . For patients with of seeing refractive errors oftherapy 

[14]. is an alternate traocular lensin phaco SIK and PRK, thewith LA cannot be remedy 

The FEMTO LDV is a femto second laser which employs an oscillator laser origin with high frequency 

output. As outcome, it is not susceptible to environmental agent such as temperature and humidity, 

physical motion. The small size of the laser, armed with wheels, makes it suitable to move between 

operating rooms and it adjust with every excimer laser. Patient’s relief is increased as they do not have 

to be moved. It is the only femto second laser which utilize very low energy, action in the nanojoule 

and megahertz range[15]. 

  Ziemer's FEMTO LDV with low pulse-energy, the cutting method is confined by the central volume 

of the laser. Low pulse energies can only be accomplished with a small focus. The FEMTO LDV uses 

very low energy in nanojoules range. This is more thin on the corneal tissue that besetment the ruptured 

volume [15, 16].              
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Material and Methods 

:surgery PRKPractical method of  

 

1- Use anesthetic droplet more than once before enter the patient to surgery in order to 

help  removal the epithelium much easier. 

2- Sterilization the patient's eye by biotin and covers the eye. 

3 - Wash the eye with sterile water with whipping to remove foreign substances found 

in the eye.                   

4 - The coating layer is scaled by the hockey knife. 

5 - Hit the laser in the place of the surface of the cornea. 

6 - Wash the place of hitting the laser and put a contact lens. 

:surgeryof LASIK  Practical method  

1- The eye surgeon utilize that either a mechanical surgical named 

a microkeratome or a femto second laser to created a fine, circuitous flap in the 

cornea.                                  

2-The surgeon folds back the hinged flap by to arrival the underlying cornea which is 

stroma and eliminate some corneal tissue by using an excimer laser.  

3- Used extremely specialized laser which a cool ultraviolet light ray to removed 

microscopic material of tissue from the cornea to reshape it, it must be carefully 

concentricity light on the retina for afflicted vision. 

4-Excimer lasers used to  proper astigmatism by smoothing an irregular cornea into 

most normal shape.        

6- The flap is then laid back in place, covering the area where the corneal tissue was 

removed. In order to allowed the cornea to heal naturally. 

:surgeryLASIK -Practical method of Femto or Z 

The same as previous steps of Z-LASIK except step, the laser femto are placed to cut 

the epithelium by laser, femto is the safest and most accurate in determining the 

thickness of the separated layer and the speed of area healing and re-docking. 
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:surgery Oof PHAC  Practical method  

 

 , impartialsurgery is fundamental for visualdroplet by the instillation anesthesia  An-1

lidocaine. or tetracaineanesthesia employed of  

that injected into the region sthestic ane bupivacaine actingprolonged or Lidocaine  -2

ulbar block) the eye muscle etcher further (retrob besetment (peribulbar block) or back

. and decrease ache sensibility extraocular muscles immobilize the completely 

ivacaine might sometimes be lidocaine and bup impede by utilizing facial nerve A

.thorough to decrease lid squeeze 

m with cataract, for har was utilized for children, traumatic optic General anesthesia-3

.patients or unwilling to help so worried 

including  use antiseptics must be proper of the area for surgeryterile precautions S -4

.iodine-povidone  

 phaco assemble the fluids through container assistanceA plastic plate with -5

to keep the eyelids open. incorporated istelescope  ation. An eyeemulsific 

: surgery of I.C.L  Practical method  

in less than 30 minutes. out was carryThe ICL eye surgery  -1 

h a topical or local anesthetic and wit anaesthetized wase , the eyBefore the surgery-2 

be given if necessary. mild calmative mighta  

no  surgery except there was  ntraocular lens embedsimilar to i ICL eye surgery was-3

inserted  bee implantable contact lens to th allows to  cataract removal need for

.                                      lens s normal’thout removing the eyewi 

front of the natural  inplacement eye and placed into its the  inwound small  Make a-4

lens. 

inserted through a tiny was  ICL ye surgery.for ICL e wo types of lenses were usedT-5

lens. s normal’n the iris and the eyebetwee unfolds into its siteincision and   

 

 

 

Results and Discussions  
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Patients 

Fifty-two patients attending the Dar –Al Salam Hospital during the period 2018- 2019 were studied. 

20(38.5%) patients had surgery by LASIK, 20 (83.5%) patients by Z.LASIK, 8(15.4%) patients by 

PRK, 3(5.8%) patients Phaco and 1(1.8%) patients I.C.L. 

 

 

 

Figure 1:  Total number of Patients for each surgery. 

 

  In figure 1 demonstrates total number of patients for each surgery, 52 patients as a total including 20 

patients for LASIK surgery, 20 patients for Z-LASIK surgery, 8 patients for PRK surgery, 3 patients 

for PHACO surgery and 1 patients for I.C.L. surgery.  
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Figure 2: Checking  the patient's vision before and after surgery Visual acuity  by using Snellen chart. 

 

 

 

Figure 3: Checking the thickness and shape of cornea by using Topography. 
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.  

Figure 4: Measurement of refractive errors of the eye before and after the surgery by using Auto refractor 

meter. 

 

The figure 2, 3, 4 demonstrates the procedure for checking the patients vision before and after surgery 

by using visual acuity; checking the thickness and shape of cornea by using Topography; also 

measurement of refractive errors of the eye before and after surgery by using Auto refractor meter. 

 

Table 1: The Gender, Age and Types of surgery.  

V.A after 

surgery 

Degree of glass V.A Without glass 

(before surgery) 

 

Types of   

  surgery 

 

 

Gender 

 

 

Age 

 

 

 

 

Cases  

L.E 

 

R.E 

 

L.E 

 

R.E 

 

L.E 

 

R.E 

6/6 6/9 -2.25/-

0.5x72 

-5.5D.S 6/18 6/60 Z.LASIK MALE 22 1 

6/6 6/12 -6.0/-

3.5x160 

-12.0/-

3.5x15 

C.F5M C.F2M Z.LASIK MALE 50 2 

6/9 6/6 -5.0/-

1.0x25 

-2.0/-

1.0x160 

C.F3M 6/60 Z.LASIK FEMALE 29 3 

6/24 6/18 -18.0D.S -11.0/-

2.0x10 

C.F2M C.F4M Z.LASIK FEMALE 27 4 

6/9 6/6 -5.5D.S -4.5D.S 6/36 6/24 Z.LASIK FEMALE 30 5 

6/6 6/9 -3.5/-

0.5x10 

-8.0D.S 6/24 C.F4M Z.LASIK MALE 32 6 

6/6 6/6 -3.75/--4.5/-0.5x20 6/24 6/36 Z.LASIK MALE 29 7 
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0.5x90 

6/6 6/6 -4.0/-

1.5x170 

-4.0/-1.0x80 6/60 6/36 Z.LASIK FEMALE 22 8 

6/6 6/6 -4.0/-

0.5x106 

-3.5/-1.0x4 6/24 6/24 Z.LASIK MALE 26 9 

6/6 6/6 -6.5D.S -6.0 D.S 6/60 6/60 Z.LASIK MALE 33 10 

6/12 6/12 -11.0D.S -12.0D.S C.F3M C.F2M Z.LASIK FEMALE 25 11 

6/9 6/6 -1.0/-

3.0x119 

-1.5/-0.5x74 6/24P 6/12 Z.LASIK FEMALE 22 12 

6/6 6/6 -0.5/-

2.075x2 

-3.75/-

2.25x1 

6/18P 6/60 Z.LASIK MALE 39 13 

6/12 6/18 -9.0/-

1.0x144 

-16.0D.S 6/24P C.F2M Z.LASIK FEMALE 44 14 

6/6 6/6 -2.5/-

1.0x147 

-2.5/-1.0x40 6/60 6/60 Z.LASIK FEMALE 23 15 

6/6 6/6 -4.0/-

0.5x95 

-4.25/-0.5x5 6/60p 6/60p Z.LASIK MALE 38 16 

6/6 6/6 -3.75/-

.05x60 

-3.0/-

0.75x12 

6/60 6/60 Z.LASIK FEMALE 45 17 

6/9 6/6 -6.0/-

2.0x5 

-6.0/-1.5x57 C.F3M C.F5M Z.LASIK FEMALE 42 18 

6/6 6/6 -1.5/-

1.75x165 

-1.5/-1.5x30 6/36 6/24P Z.LASIK MALE 36 19 

6/6 6/6 -6.0/-

1.0x140 

-5.0/-1.0x40 C.F3M C.F3M Z.LASIK MALE 22 20 

6/6 6/6 -6.5D.S -6.0/-1.0x50 C.F3M C.F5M LASIK MALE 44 21 

6/6 6/6 -1.25/-

1.75x160 

-1.25/-

1.25x3 

6/36p 6/24p LASIK FEMALE 36 22 

6/6 6/6 -5.0/-

1.0x130 

-4.5/-

1.25x45 

C.F4M C.F4M LASIK FEMALE 24 23 

6/6 6/6 -2.5/-

0.5x66 

-2.5/-0.5x5 6/60 6/60 LASIK FEMALE 48 24 

6/6 6/6 -3.75D.S -3.75D.S 6/36 6/36 LASIK MALE 33 25 

6/6 6/6 -2.5D.S -2.5D.S 6/24p 6/24p LASIK MALE 20 26 

6/12 6/36 -11.0/-

2.0x140 

-14.5D.S 6/60 C.F2M LASIK MALE 44 27 

6/6 6/6 -0.5/-

2.75x4 

-3.75/-

2.75x1 

6/18p 6/60 LASIK FEMALE 27 28 

6/18 6/18 -11.5/-

2.5x175 

-11.5/-

2.5x10 

C.F1.5M C.F1M LASIK FEMALE 30 29 

6/9 6/12 -7.0/-

2.5x160 

-12.0/-

3.0x15 

C.F5M C.F2M LASIK MALE 48 30 

6/24 6/18 -18.0D.S -11.5/-C.F1M C.F5M LASIK FEMALE 28 31 
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1.5x10 

6/9 6/9 -4.0/-

2.0x25 

-2.5/-

1.0x160 

C.F4M 6/60 LASIK FEMALE 25 32 

6/6 6/6 -2.25/-

0.5x80 

-4.75D.S 6/18P 6/60 LASIK MALE 22 33 

6/6 6/6 -1.25/-

2.25x55 

-1.0/0.5x74 6/24 6/12 LASIK FEMALE 24 34 

6/6 6/6 -0.5/-

3.0x175 

-6.0/-

2.0x180 

6/18 6/60 LASIK FEMALE 32 35 

6/6 6/6 -3.75D.S -3.75D.S 6/36 6/36 LASIK FEMALE 19 36 

6/6 6/6 -3.5D.S -4.0 D.S 6/36P 6/60 LASIK MALE 21 37 

6/6 6/6 -2.0/-

1.25x180 

-1.75/-

1.5x17 

6/36 6/60 LASIK FEMALE 35 38 

6/6 6/6 -3.75D.S -3.75D.S 6/60 6/60 LASIK FEMALE 33 39 

6/6 6/6 -4.25/-

0.5x100 

-4..5/-

0.5x10 

6/60 6/60p LASIK MALE 39 40 

6/6 6/6 -1.0/-

0.75x163 

-1.0/-

0.75x30 

6/24 6/24 PRK MALE 22 41 

6/6 6/6 -2.75D.S -2.75D.S 6/24 6/24 PRK MALE 31 42 

6/6 6/6 -2.25D.S -2.25D.S 6/24 6/24 PRK FEMALE 22 43 

6/6 6/6 -1.75D.S -1.75D.S 6/18 6/18 PRK FEMALE 29 44 

6/6 6/6 -1.5D.S -1.5D.S 6/12 6/12 PRK FEMALE 21 45 

6/6 6/6 -1.5/-

0.25x1 

-1.25/-0.5x5 6/12P 6/12P PRK FEMALE 22 46 

6/6 6/6 -1.0  D.S -1.0 D.S 6/9p 6/9p PRK MALE M 25 47 

6/6 6/6 -1.25/-

0.25x51 

-1.0/-0.25x2 6/9p 6/9p PRK FEMALE 20 48 

6/9 6/9 -14.0D.S -14.0 D.S C.F2M C.F2M PHACO FEMALE 23 49 

6/18 6/18 -22.0D.S -22.0/-

2.0x10 

C.F1M C.F1M PHACO FEMALE 29 50 

6/6 6/6 -10.0D.S -10.0D.S C.F5M C.F4M PHACO MALE M 60 51 

6/9 6/9 -10.0/-

2.0x154 

-13.0/-

2.0x10 

C.F3M C.F2M I.C.L FEMALE 24 52 

 

 

Table 1 show the gender, age and types of surgery (LASIK, Z-LASIK, PRK, PHACO, and I.C.L.) 

surgery. In this table R.E. mean right eye, L.E. mean left eye, VA mean vision acuity after surgery, this 

table show total information of patients before and after surgery for 52 patients.
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Table 2: Z-LAZIK Surgery with K1 and K2. 

K reading 

L.E 

Degree of glass  

K reading 

R .E 

Degree of glass  

CASES 

 

K2 

 

K1 

 

L.E 

 

K2 

 

K1 

 

R.E 

42.70D 42.54 -2.25/-0.5x72 42.19D 41.98D -5.5D.S 1 

45.5D 42.5 -6.0/-3.5x160 45.9D 42.3D -12.0/-3.5x15 2 

44.32D 42.92D -5.0/-1.0x25 44.07D 42.57D -2.0/-1.0x160 3 

43.8D 42.3D -18.0D.S 44.9D 42.1D -11.0/-2.0x10 4 

44.9D 42.4 -5.5D.S 44.5D 42.3D -4.5D.S 5 

44.3D 42.9D -3.5/-0.5x10 44.11D 42.55D -8.0D.S 6 

45.31D 42.42D -3.75/-0.5x90 43.99D 42.4D -4.5/-0.5x20 7 

44.22D 42.6D -4.0/-1.5x170 44.08 42.51D -4.0/-1.0x80 8 

44.56D 42.7D -4.0/-0.5x106 43.65D 42.6D -3.5/-1.0x4 9 

45.7D 42.29D -6.5D.S 45.8D 42.3D -6.0 D.S 10 

46.55D 43.99D -11.0D.S 47.5D 44.7D -12.0D.S 11 

49.05D 44.42D -1.0/-3.0x119 45.11D 44.19D -1.5/-0.5x74 12 

47.84D 44.74D -0.5/-2.075x2 47.76D 44.96D -3.75/-2.25x1 13 

44.95D 44.06D -9.0/-1.0x144 44.70D 43.01D -16.0D.S 14 

44.09D 42.99D -2.5/-1.0x147 44.04D 42.08D -2.5/-1.0x40 15 

43.98D 43.60D -4.0/-0.5x95 43.90D 43.31D -4.25/-0.5x5 16 

45.5D 45.4D -3.75/-.05x60 46.1D 45.4D -3.0/-0.75x12 17 

44.85D 44.36D -6.0/-2.0x5 45.92D 44.77D -6.0/-1.5x57 18 

44.25D 43.31D -1.5/-1.75x165 45.45D 43.75D -1.5/-1.5x30 19 

44.71D 43.22D -6.0/-1.0x140 44.62D 43.13D -5.0/-1.0x40 20 

 

In table 2 shows the results of Z-LASIK surgery  included for 20 patients, the R.E. mean right eye, L.E. 

mean left eye,k1 mean flat keratometry and k2 mean steep keratometry,D mean Diopter (a unit of 

refractive power of a given lens).                        
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Table 3: LAZIK Surgery with K1 and K2.                           

K reading 

L.E 

Degree of glass K reading 

                   R.E 

Degree of glass  

CASES 
K2  K1 

 

L.E            K2 

 

K1 R.E             

45.92D 44.77D -6.5D.S 44.85D 44.36D -6.0/-1.0x50 1 

45.15D 43.5 -1.25/-1.75x160 45.35D 43.95D -1.25/-1.25x3 2 

44.75D 43.35D -5.0/-1.0x130 44.65D 43.20D -4.5/-1.25x45 3 

45.6D 45.8D -2.5/-0.5x66 46.5D 45.9D -2.5/-0.5x5 4 

43.77D 43.66D -3.75D.S 43.61D 43.30D -3.75D.S 5 

44.10D 42.80D -2.5D.S 44.20D 42.80D -2.5D.S 6 

47.85D 44.72D -11.0/-2.0x140 47.77D 44.95D -14.5D.S 7 

44.22D 42.6D -0.5/-2.75x4 44.72D 43.02D -3.75/-2.75x1 8 

46.67D 44.57D -11.5/-2.5x175 46.78D 44.74D -11.5/-2.5x10 9 

45.5D 42.5D -7.0/-2.5x160 45.7D 42.3D -12.0/-3.0x15 10 

43.8D 42.3D -18.0D.S 44.9D 42.11D -11.5/-1.5x10 11 

44.43D 42.92D -4.0/-2.0x25 44.07D 42.57D -2.5/-1.0x160 12 

47.84D 42.54D -2.25/-0.5x80 42.19D 41.92D -4.75D.S 13 

49.05D 44.42D -1.25/-2.25x55 45.11D 44.19D -1.0/0.5x74 14 

43.19D 42.9D -0.5/-3.0x175 45.04D 44.08D -6.0/-2.0x180 15 

43.96D 43.41D -3.75D.S 44.22D 43.72D -3.75D.S 16 

44.55D 43.61D -3.5D.S 45.91D 44.63D -4.0 D.S 17 

44.80D 43.71D -2.0/-1.25x180 45.75D 43.88D -1.75/-1.5x17 18 

45.15D 43.3D -3.75D.S 45.35D 43.95D -3.75D.S 19 

44.81D 43.31D -4.25/-0.5x100 44.61D 43.23D -4..5/-0.5x10 20 

  

Table3  shows the results LASIK surgery  included for 20 patients also, the R.E. mean right eye, L.E. 

mean left eye, K reading mean Keratometry,  k1 mean flat keratometry and k2 mean steep keratometry, 

D mean Diopter (a unit of refractive power of a given lens). 
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Table 4: PRK Surgery with K1 and K2. 

 

K reading 

L.E 

 

Degree of glass 

 

K reading 

R .E 

 

Degree of glass 

 

 

CASES 

 

K2 

 

K1 

 

L.E 

 

K2 

 

K1 

 

R.E 

45.88D 43.25D -1.0/-0.75x163 45.39D 43.28D -1.0/-0.75x30 1 

45.51D 42.57D -2.75D.S 45.91D 43.7D -2.75D.S 2 

44.94D 43.9D -2.25D.S 44.18D 42.17D -2.25D.S 3 

44.50D 42.87D -1.75D.S 44.93D 43.10D -1.75D.S 4 

44.92D 43.33D -1.5D.S 45.11D 44.56D -1.5D.S 5 

44.35D 43.29D -1.5/-0.25x1 44.21D 43.15D -1.25/-0.5x5 6 

45.3D 43.40D -1.0  D.S 43.19D 42.41D -1.0 D.S 7 

44.2D 43.16D -1.25/-0.25x51 44.28 43.41D -1.0/-0.25x2 8 

 

Table 4 shows the results for PRK surgery  included for 8  patients , the R.E. mean right eye, L.E. mean 

left eye, K reading mean Keratometry,  k1 mean flat keratometry and k2 mean steep keratometry, D 

mean Diopter(a unit of refractive power of a given lens).                                                                           

                          

 

Table 5: PHACO Surgery with Power of lens (IOL) , Axial  length . 

 

Power Of lens 

 

Degree of glass 

 

Axial legnth 

 

CASES 

L.E     R.E L.E R.E L.E R.E  

6.5 D 6.5 D -14.0D.S -14.0 D.S 29.14mm 29.25mm 1 

-4.5 D -3.5 D -22.0D.S -22.0/-2.0x10 32.97mm 33.44mm 2 

9.0 D 9.0 D -10.0D.S -10.0D.S 27.12mm 27.06mm 3 

 

In table5 show the results for PHACO  surgery for 3 patients also, the R.E. mean right eye, L.E. mean 

left eye , with Axial length of eye degree of glass for right and left eye power of lens (IOL) that 

implanted for right and left eye. 
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Table 6 : I.C.L  Surgery , with power of lens (IOL) , Axial length. 

 

Power Of lens 

 

Degree of glass 

 

Axial leghnth 

 

CASES 

L.E R.E L.E R.E L.E R.E  

10.0  D 6.0 D -10.0/-2.0x154 -13.0/-2.0x10 26.86mm 28.54mm 1 

 

In table 6 shows result of I.C.L.  surgery for 1 patients also, the R.E. mean right eye, L.E. mean left eye 

, with Axial length of eye; degree of glass for right and left eye; power of lens (IOL) that implanted for 

ling. hea-requires an extremely small incision that is self of I.C.L. The surgeryright and left eye. 

Verisyse lens, on the other hand, is inserted in front of the iris through a somewhat larger incision  The

that must be closed with sutures which dissolve over time.

 

 

Figure 6: LASIK Device used to Refractive surgery of Myopia /Germany Company. 

, the t to the epithelium OF the contextreac th process. BomethodsPRK are two different LASIK and 

put , prior away for the method substance the , while LASIK shave PRK method eliminate completely

and , myopia astigmatism to treat utilizedare method   These].laser surgery [17 next for cureagain 

].[18hypermetropia  

method surgery. The  formed throughted with the flap complexity relaadded  avoid ed tous PRK is also

Because the LASIK  ].after surgery [20 y eye signsof dr ecrease the alterationd furthermore may

from PRK.  rm to the flap may benefitha persons withor  sportsman a surgical flap, method requires

 particular timefor a  mwearing the be required to stop lenses will usuallycontact  Patients that put on

LASIK has shorter healing  omparing PRK and LASIK,C].[21 of corneal curvature estimate to prior

https://en.wikipedia.org/wiki/Astigmatism
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indefinite was study .  A 2016 22]outcome [ have identical . The two techniquesand less trouble period

PRK and LASIK liken when  opposite impact fineness and, ecompetenc divergence inany  whether

[23,24]. temperate myopiato  minimal among people with surgery 

is  lens 's innereye the in which cataract surgery a modernisticis  emulsification Phaco

spirated fluids are e. Aand aspirated from the ey hold ultrasonic with an into made

[25]. cellanterior  the to preserve salt solution equiponderant ofwash  withsubstitution  

widespread ost m . Themyopia or cataracts therapy forof a portion as  eye in thegrain is  ntraocular lensI

 thenext  surgery; through cataractcultivated of IOL is the pseudophakic IOL. These are  kind

akic IOL pseudoph. The a cataract) has been taken awayknown (colloquially  eye's natural lens clearun

The second kind of IOL, ].lens [26 crystalline as the naturalistrole supply the identical  light centering 

ist lens and is natural resent is lay over the pthat (PIOL), is a lens phakic intraocular lens  awidely 

 ghtednessshortsi for myopia, or as a therapy power visual the eye's to alter refractive surgery in utilized

n site the lens i haptics, to carry  as  knownstruts,  sidesoft lens with soft consist of a tiny IOLs    ]. [27

The  .annually 6 million lenses plant more than Surgeons  ].the eye[28within capsular bag the through 

. seeing the entire surgical procedureal anaesthesia with the patient process can be done beneath topic

 into the capsule during  extremely lled for injection the lens to be ro IOL can  bend of a The utilize

s esl  completed and this process  commonlystick for  requirementthe   herefore escapesmall wound, t

 3 weeks next–duration is about 2The cure  ].[29ophthalmologist an experienced than 30 minutes by

well sure. They should as rise blood pres evade tiring work out or anything thatsurgery, patients should 

].[30 inplant observe theto  asseveral months so  orderly fortheir ophthalmologists visit  

at the  astigmatism corneal before existent properto  utilized storic len of A toric IOL is a kind

or limbal relaxing wound  . This astigmatism ability also be handle withcataract surgery ofperiod 

be  cantherefore astigmatism and  0% of Americans have considerableAbout 4 .ssproce rexcimer lase an

as cataract  like particularly theplanting of a toric IOL is  to Cataract surgery].elect for a toric IOL [31

toric IOLs have various  powers in , lenses osculate toric Similar ].[30 traditional IOLy with a surger

sting on the correct meridian to reverse the preexi and they must be placed meridians of the lensdiverse 

 to be replaced in a second process , it possibletrue middayon the  astigmatism. If the toric IOL is not

].[31 

Both PRK state. secure for ocular surface  appear besurgeries LASIK) -LASIK (Z-Both PRK and femto

].2[3  ocular surface stateon  nimal effectmi have to appearLASIK surgeries -nd femtoa 

 e keratectomy (PRK) are the widely currentLaser in situ keratomileusis (LASIK) and photorefractiv

efficient . Both are safe and [22] mid myopiato rectify low and  al refractive technicalitycorne utilized

of ametropia and grade the  specified byher surgical technique is fundamentally of eit hosenthe c and

action is also -award, . As their significance partially superposition]3of the elect [3 formthe corneal 

prone  rts or violencein contact spo binding f the patients (patients o request occupational  affected by

-non s farthest  ’ative retrieval  time and ocular surface state. Patientin postoper ), divergence career

nd ainconstancy visional regarding symptoms such as is dry eye and  illnessafter surgery fractive re

].4body emotion [3 exotic 
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of patient  the main reason number remnant, this especially tentative sign areeye arid if Straighten 

 qualified thatare  dominance dataDry eye sickness (DED) . ryrefractive surgeafter corneal discontent  

and 20 to 40% at 6 week post LASIK, 40% at 1 month -y eye at 1dr signs of50% of patients have 

 out few worksqualified to be about 3%, through DED post PRK is  happening ofThe  ].5months [3

sed ts with ocular surface disturbance bapatien preference inthe treatment of   PRK technique is   ].36[

, HoweverLASIK surgery.  signs afterat most on the higher happening of dry eye and regarding 

].37so far [export has been study between both techniques proportional  

. First, the in this fieldnoteworthy have been  surgical and diagnostic improvement , both wiseOther

, with rLab Corp, San Diego, CA) permitof a clinical device as Tear Lab osmolarity system (Teadisplay 

-a-on-seconds (lab in clinical tear osmolarity in a littleprocedure, to measured  invasive-and noneasy 

of DED  the introduction quoted inarity and inflammation are molin tear osVariation chip technology). 

development and a key element in the serve as from 2007 Dry Eye Workshop (DEWS) and is now 

 ofemt microkeratome, the . In addition, further costly than the conventional]38identification of DED [

. ]LASIK) [39-(femto lap moodand safer LASIK f second (FS) laser supply most precise, credible

fractive surgery has illuminate with yet, corneal re DED pathogenesis is not fully decided  However,

second laser  Femto.]0ization of tear flux [4he organrole of corneal innervation in t spotlight  the main

since  could be predictable  make thinner and further  constant flaps thus a several  impact on tear flux

new  evolution request These new  ].2apparent scale[3a more in  es hurt take iatrogenic corneal nerv

to test  LASIK and PRK techniques on the ocular surface and-of femto estimate the impact s to studie

to compare the effect on ocular surface therefore proper. This work the classical presumption is alike 

up time [24].-ar followye-th oneLASIK and PRK techniques wi-of current femto state 

 

 

 

:Conclusions 

1-Refrective surgery of myopia by LASIK , Z-LASIK , PRK , Phaco , I.C.L. done in order to get away 

from the glasses. 

2-Patients ages after 18 years can be performed for them all LASIK , Z-LASIK, PRK ,except PHACO 

and I.C.L surgery. 

3- The processes PRK , Z-LASIK  with little thickness of cornea of 480 microns. 

4-High degrees of short sightedness occurs  the PHACO  surgery due to the thickness of the cornea 

does not tolerate scrape to perform the surgery for all grades. 

5–I.C.L. used better with young patients (age is small) because after surgery not need to glasses 

compared with LASIK,PHACO and Z-LASIK surgery may be need glasses after surgery , this surgery 

undesirable for young. 

6-surgery of PRK works until 4 degrees of short sight safely while works LASIK surgery with more 

than 4- degrees occurs with  LASIK surgery. 
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7-Z-LASIK works only with high degree of myopia with a little cornea thickness of 480 microns, either 

with very low degrees of myopia with a cornea thickness of 500 microns or more works Z-LASIK and 

LASIK both. 
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Abstract 

Currently dye-sensitized solar cells (DSSC) provide technical and economical alternative guaranty to pn-

junction solar cell devices. Contrary to the general methods, where the semi conductors suppose two targets 

of light absorption and charge-carrier moving, the two tasks are split up in this region. Light is soak up by a 

dye-sensitizer, which is installed on overall the surface of the semiconductor. In the present work, gold 

AuNPs was elaborated by pulsed laser ablation in liquid LP-PLA at energy-750 mJand no. of pulses=90 

pulse, then they were added to N719 dye to form new blend consist  of gold nanoparticles and N719-dye. 

The distribution size of gold nanoparticles clarifies circular shape with particle size ranging around 60 nm. 

The different shapes of particles lead to different peaks of the surface plasma resonance (SPR). 

Nanoparticles have remarkable advantages in increasing the absorption of dye due to their tiny size and 

homologous with the medium. The dye absorbs the atoms of incident light (sun-light and surrounding of 

ambient light), using its energy to transfer electrons, can work similar to chlorophyll in photosynthesis. The 

UV-Vis spectrophotometer showed rang of wave length high absorption for N719 - AuNPs compared to 

N719 dye alone, supporting the role of gold nanoparticles in improving the dye absorbance. 

 

Key words: Dye sensitized solar cell, N719-Dye, AuNPs, pulse laser ablation in liquid (LP-PLA). 

How to cite this article: Jaber GS (2019): Improving light-harvesting of 179-Dye by using Gold 

Nanoparticles, Ann Trop Med & Public Health, 20: SP2026-19 

Introduction 

In 1991, fabricated dye sensitized solar cell (DSSC), made of TiO2-layer which immersed in Ru-dye which 

adsorbed by TiO2-film to sensitize the substrate for collecting the light
 [1]

. Dye-sensitized solar cells became 

wildly spread at recent years due the transparency and simplicity compared to conventional solar cell 

photovoltaic devices
 [2]

. Researchers tried to improve the performance of DSSC by using novel sensitizers, 

electrolytes, thickness of TiO2 and semiconducting behavior
 [3]

. There is also another way to improve cell 

efficiency by enhancing the absorption of photons
 [4]

. In other word, plasmonic nanostructures are 

proportional to optical antennas of nanometeric scale to collect free space photons capacity and transform it 

to surface plasmon resonance of electrical-capacity in locative compressed shape. The change contain far 

field scattering with wide optical-route result to rise in photon absorption chance
 [5]

. Pulsed laser ablation in 

liquid is a reasonable method for producing nanostructure materials (in colloidal form) directly from target 

itself
[6]

.There are many types of metal that can be easily control to the size less than 100 nm, such as the 

gold
[7]

. The dark red color of gold nanoparticles in solution first realized by Michael Faraday in 1857 

interrupted the phenomena that the color of colloidal gold due the strictly connected to its interaction 

with the light
 [8]

. The Ru.N719-dye is general pigment used for sensitizers but it has low absorbance for 

visible light nearly at 440nm
 [9]

. In this work, we tend to enhance the light absorption of the N719-Dye 

which leads to enhance the DSSCs-efficiency by adding AuNPs- colloidal into the N719-Dye.  

2 Experimental Method  

https://www.mdpi.com/1422-0067/19/11/3385/htm#B4-ijms-19-03385
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2.1 Prepartion of gold nanoparticle  

AuNPs was prepared by pulsed laser ablation in liquid (PLAL).The laser (1064 nm at frequency 1Hz) was 

focused on the target as it began to heat and then gradually ablated to turn  into a reddish color ( AuNPs 

colloidal). As shown in simple schematic below the ablation process. The ethanol with high purity(99%) 

was used as conferment liquid, Nd: YAG laser at energy =750 mJ, no. of pulses=90 pulses where the depth 

of focus was 9 cm. 

 

 

 

 

 

 

 

 

 
Fig 1: Pulse laser ablation of AuNPs. 

 

 

2.2: Enhancement of N719-Dye 

After preparation of AuNPs the next step was getting was to the new composition AuNPs-N719-dye. The 

N719-Dye composition  using  (RuL2(NCS)2,2TBA(L=2,2’-bipyridyl-4,4’-dicarboxylic,acid 

TBA=tetrabutylammonium) diluted with 0.2-0.3mM of ethanol and for each 1ml of N719-Dye solution 1ml 

of AuNPs (1:1) was added. 

 

3: Results and Disscusion 

3.1Optical Properties 

3.1.1: Gold Nanoparticles 

 
Absorption spectra of AuNPs-solution as shown in figure(2), synthesized by pulsed laser ablation 

using Au-target.  
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Fig 2: AuNPs absorption spectrum prepared by LP-PLA. 

 

Obviously, increase in intensity leads to change the color of the AuNPs-solution. On other hand change in 

number of pulses is an indication for color of solution. AuNPs have plasmon peak position on the (530-

550) nm. Having one surface plasmon peak implies that the formation of nanoparticles were almost 

spherical. 

 

3.1.2:N719-Dye improving 
The UV-Vis spectroscopy showed that study the behavior of adding AuNPs to N719-Dye figure (3a and b) 

shows variation in color between two solutions. 

 

 

 

 

 

 

 

 

 

 
Fig 2-a: Absorbance-spectrum of N719-Dye and N719-Dye + AuNPs & 2-b: shows the variation in color 

between the two solutions 
 

The spectrum appears the absorption peak of N719 Dye and AuNPs-N719Dye occurs in the visible region 

(380 and 550 nm). From fig (2-a) we can conclude that the immersion of AuNPs to N719-Dye lead to 

increases in the total absorption of the N719-Dyewhich lead to enhancing the work of sensitizer. 

3.2: Structural Properties 

3.2.1:Scanning Electron Microscpe of AuNPs 

The surface morphology and size distribution of is illustrated in figure 3(A and B) respectively for AuNPs. 

 

 

 

 

A 

B 
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Fig3 (a) SEM-image of AuNPs at 30,000 magnification and (b) size distribution 

 

SEM-image shows that spherical shape for gold nanoparticles, and the particle size was (50-60nm). 

Different size of the particles leads to different density of surface plasma resonance. The plasmon 

resonance of AuNPs has important role to sever electric fields and enhancing production of TiO2close to 

the surface of mineral nanoparticles we can use it to speed up the gap sub-band e-hole pairs formation in 

ready TiO2, thereby could improve the efficiency in the vis.-region range
 [10]

.  
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Abstract 

Back ground: The painful ulcer to the oral mucosa caused by trauma or diseases, represents 

the most chief complain of the patients attended to the dentistry clinic. The present study was 

undertaken to perform histologic and histomorphometric analysis of the biological effects of 

the topical application of leptin on induced traumatic oral mucosal ulcer healing. 

Materials and methods: In current study, forty eight male Albino rats weighing                 

200.45 - 270.53g, and age between 2-3 months, were subjected to traumatic ulcer with 8 mm 

diameter by surgical blade no.15 on the right side of the buccal mucosa. The animals were  

divided randomly into two groups; the ulcers of the control group treated daily with 10µl of 

sterilized distil water, while the study group ulcers treated daily with 10µl of 1 µg/ml of 

recombinant leptin. The rats were sacrificed at 3,7,10 days. The specimen were taken and 

prepared for histological examination, and histomorphometrical assessment of blood vessels 

account and re-epithelization thickness in the ulcer area for both control and study groups. 

Results: The histological and histomrphometrical result using leptin as a topical treatment 

showed  reduced the inflammatory cells infiltration, accelerated the re-epithelization of wound 

surface, and enhanced angiogenesis in the ulcer area, resulting with fast tissue healing. 

Conclusion: Using  leptin as a topical application in the present study for treatment an 

abrasion-induced ulcer, revealed that leptin can reduced the ulcer diameter and accelerated the 

healing process in a short time. 

 
Key words: leptin, oral mucosa, ulcer. 
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1. Introduction 
The ulcer that occurs on the oral mucosa as result of traumatic injuries or diseases  is always 

associated with pain and causes disruption to the mucosal structure, which may affects the oral 

function. The process that regenerates and restores the lost tissue structure, is known as the 

healing process which is a sum of biological phases including inflammatory phase; 

proliferative phase; and  remodeling phase. It ends with reconstitute the integrity of  injured 

area. Such a complex processes require a coordination between cellular and humoral factors 
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such as growth factors, cytokines, and low- molecular- weight compounds from serum of 

injured blood vessels, for enhancing cell migration, cell proliferation, and extracellular matrix 

deposition
(1,2)

.  

Leptin (16kDa) is a protein/ anti-obesity hormone ( also called satiety hormone), synthesized 

predominantly by adipose tissues and secreted into the blood stream. This hormone has multi- 

physiological actions such as integral body weight
(3)

, lipid metabolism
(4)

, hematopoiesis
(5)

, 

bone formation
(6,7)

, angiogenesis
(8)

, and accelerating wound healing 
(9,10)

. For this reason many 

experimental studies were conducted to reveal the effects of topical application of leptin in 

improvement and enhancing of wound repair
(11)

.  

The present study was undertaken to perform histologic and histomorphometric analysis of the 

biological effects of the topical application of leptin on induced traumatic oral mucosal ulcer 

healing. 

 

2. Materials and methods 

2.1Materials  

- Recombinant rat leptin protein from Abcam Company UK (ab646). 

2.2 Animals 

In the present study, male albino rats weighing approximately 200.45-270.53g, at 2-3months of 

age were used as experimental animals. They were divided randomly into two groups control 

and study, each group consisting of 24 rats. All the animals were kept under control conditions 

of temperature, drinking and food consumption. All experimental procedures were carried out 

in accordance with the ethical principles of animal experimentation of the Biotechnical 

Research Center at Al-Nahrain University. 

2.3 The surgical Procedure and Topical Treatments 

The animals were anesthetized via intraperitoneal injection of ketamine (50 mg/kg) and 

xylazine (5 mg/kg) (12)
. Surgical scalpel blade (no.15) was used to perform mucosal abrasion 

ulcer with diameter size (8mm) on the right side of the buccal mucosa by using a marker 

(Fig.1), this size conceder as initial size 
(13)

. The control group ulcers treated with 10µl of 

sterilized distal water. While the experimental group ulcers treated with 10µL of 1µg/ml 

recombinant leptin. 
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                                             Figure 1:  The shape of the abrasion ulcer with 8mm in diameter. 

 

2.4 The Specimens Preparation for Histological Examination 
The animals scarified at 3,7,10 days after ulceration (16 rats for each period, 8 rats from each 

group).The ulcer areas and surrounding tissue were excised and bisected, then fixed with 10 % 

neutral formalin and embedded in paraffin. Hematoxylin and eosin (H&E) staining was 

performed by using 4 µm thicked sections, for histological examination under the light 

microscopic. 

2.5 The Ulcer Sizes Assessment  
By using digital paquimeter, the ulcer sizes has been measured at days of sacrificing for final 

sizes.  
 
2.6 Intensity of Inflammatory Reaction  
The intensity of inflammation was calculated according to the account of inflammatory cells 
(14)

, by five chosen microscopic fields at 40x magnification.  
1 Absent or few inflammatory cells 1-4  

2 Mild: average number less than 10 inflammatory cells. 

3 Moderate: average number 10-25 inflammatory cells. 

4 Severe: average number greater than 25inflammatory cells. 

 
2.7 Histomrphometrical Evaluation  
All the histomorphometrical assessment were done by using digital camera, light microscope, 

and the Image‑J (Java- based image processing program developed at the National Institutes of 

Health, USA), version 1.47p . 

 
2.7.1 Assessment of Blood Vessels Account  
Under the light microscope at x40 magnification, three fields were selected for each slide, with 

slide moving in clockwise direction, and three digital images were captured, and the area was 

counted by multi- point or point command , then the mean of the three area was calculated (15)
. 

 
2.7.2 Assessment of Epithelial Thickness  
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The epithelial thickness (µm) was measured in a three different areas captured at 10x 

magnification from the surface of the epithelium to the basement membrane of a deepest area 

of rete ridge in a chosen field, three fields were chosen and the average obtained was 

considered as the epithelial thickness per slide 
(16)

. 

 
3-The Results 
3.1The Clinical Results 
At 3

rd
 day, the ulcers area of the control group at the right cheek mucosa showed minimal 

reduction in diameters, bleeding and exudate formation. At 7
th

 day, there was obviously 

reduction in the ulcers diameters, with redness in the areas of ulcer. At the 10
th

 day, there was a 

small red area in the center of the ulcer. The ulcer areas of the study group at 3
rd

 day of 

ulceration showed observably reduction in the diameter of the ulcers, no exudate formation. At 

the 7
th

 day, the ulcers reduced in size, with mild redness. At 10
th

 day, virtually the ulcer area 

were presented with normal mucosa (Fig. 2).The statistical analysis for both control and study 

groups showed a decrease in the size of the ulcer beginnings from the 3
rd

 day to the 10
th

 day 

and the lowest mean value for final ulcer size was seen at the 10
th

 of study group (Fig. 3), 
(Table 1). The comparison between control and study groups by using T-test for final ulcer 

sizes in all intervals showed highly significant difference between the control and study groups 

at all healing periods (Table 1). The ANOVA test showed highly significant differences 

between control and study groups in all healing intervals (Table 2).   In the LSD test (Table 3) 
showed highly significant differences between all healing intervals in both control and study 

groups. 

 

 

 
Day control study 

 

 

 

 

3rd 

  

 

 

 

 

7th 
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Figure 2: Clinical aspects of the abrasion ulcers on the right cheek mucosa within 3rd ,7th ,10th days ,after the 

induction of the ulcer within scalpel blade ( nº 15) in Control and study groups. 

 

 
                              Figure 3 : The mean of ulcer sizes with healing time for control and study group. 

 

Table 1: T-Test between study and control for final ulcer sizes for each duration. 

 

 
 

P-value 
 
 

 
 

T-test 

Study Groups 
 

Control Groups 
  

 
Days 

 

Final Size (mm) 
 Final Size (mm) 

SD +M M+ SD 

0.001 
HS 5.283 

0.47+3.498 
 0.75+5.477 

3rd 

0.000 
HS 

10.693 0.39+1.33 0.71+3.64 
7th 

0.000 
HS 

9.108 0.00+0.00 0.37+1.222 
10th 

 
 
Table 2: Duration comparison using ANOVA test for ulcer size , body weight, and blood sugar level. 

 
Study groups Control groups  

 
Variables 

Final Final 
P-value F-test P-value F-test 
0.000 
HS 

195.22 0.00 
HS 

89.58 Ulcer size 
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Table 3: Duration comparison using LSD- test in study and control groups.

Study Groups Control Groups  
 
 
 

Duration 
 
 

 
 
 
 

Variables 
 
 
 

 
Final 

 
Final 

 
 

P-value 
Mean 

Difference 
 

P-value 
Mean 

Difference 

 
0.000 
HS 

2.16625  
0.000 
HS 

1.83750  
7th day 

 
 

3rd day 

 
 
 
 

Ulcer size 
 

0.000 
HS 

3.49875 0.000 
HS 

4.25500 10th day 

0.000 
HS 

1.33250 
 
 

0.000 
HS 
 

2.41750 
 

10th day 7th day 

 
 
The Histological Results 
At 3rd day under the light microscope examination the control group showed limited 

regeneration of the epithelial from the ulcer margin toward the central defect. A heavy 

infiltration of acute and chronic inflammatory cells to the central area of the ulcer, few 

fibroblast cells, and blood vessels were seen below the exudate (Fig.3A&B). In the study group 

the keratinocytes showed active proliferation of epithelium from the ulcer margin toward the 

central defect with obvious reduction in ulcer area. The ulcer area showed granulation tissue 

with inflammatory cells infiltration, presence of blood vessels, plenty fibroblasts cells, and 

presence of new collagen matrix (Fig. 3C&D).  
At 7th day after ulceration control group showed newly formed thin epithelium without rete 

ridges in ulcer area. The lamina properia showed granulation tissue formation,less number of 

inflammatory cells, with scanty collagen fibers and blood vessels (Fig. 4A&B). The 

histological picture of the study group of the ulcer showed new well defined keratinized 

squamous epithelium with well-defined rete ridge.  Lamina properia showed replacement of 

granulation tissue by fibrotic connective tissue, signs of collagen fibers remodeling, numerous 

blood vessels, reduction in the inflammatory cells and fibroblast cells number (Fig. 4C&D).

At the 10th day the control group showed almost complete re-epithelization with well-defined 

cell layers of keratinized stratified squamous epithelium.Lamina properia showed numerous 

blood vessels and fibroblast cells, mild number of inflammatory cells, with thin collagen fibers 

showed remodeling sign in the early fibrotic connective tissue (Fig.5A&B). The study group 

showed keratinized stratified squamous epithelium with well-defined cell layers especially 

basal and spinosum. Lamina properia showed remodeling of collagen fibers with few 

inflammatory cells, and numerous blood vessels(Fig. 5C&D). 
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Figure 3A: Photomicrograph shows ulcer at 3rd day in the control group, with limited epithelium proliferation to word the 

ulcer center, and exudate fill the surface, H& E stained slide (x4) . 

 
Figure 3B: Photomicrograph at 3rdday in the control group , shows granulation tissue with inflammatory cells infiltration  , 

dilated blood vessels, H& E stained slide (x40). 

 

 
Figure 3.C:  Photomicrograph at 3rd day in study  group shows epithelium migration front from the margin toward the center 

area (black arrows) , H& E stained slide (x4). 

3A 

3B 

3C 
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Figire 3.D: Magnifying view 3rd in study group, fibroblast, an inflammatory cell, hemorrhage area (x 40). 

 

Figure 4A: Photomicrograph shows ulcer at 7th day in control group. The center area of the ulcer with thin layer epithelium 

without rete ridges (x10). 

 

 

Figure 4B: Photomicrograph shows ulcer at 7thday in control group. The granulation tissue with presence of inflammatory 

cells, fibroblast cells, and dilated blood vessel, H& E stained slide (B: x40). 

 

3D 

4A 

4B 
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Figure 4C: Photomicrograph shows ulcer at 7th  day in study group with keratinized stratified squamous epithelium, H& E 

stained slide (x10) . 

 

Figure 4D: Photomicrograph shows ulcer at 7th day in leptin group, with remodeling of collagen fibers, blood vessel, and 

scattered inflammatory cells, H& E stained slide (x40). 

 

Figure 5A: Photomicrograph shows ulcer at 10th day in control group with well-defined  keratinized stratified squamous 

epithelium . H& E stained slide (x20). 

4C 

4D 

5A 
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Figure 5B: Photomicrograph shows ulcer at 10th day in control group with collagen fibers, and scattered inflammatory cells, 

H& E stained slide (x40). 

 

 

Figure 5C: Photomicrograph shows ulcer at 10th day in study group with absence of ulceration signs. H&E stained slide 

(x10). 

 
Figure 5D: Photomicrograph shows ulcer at 10th day in study group shows remodeling collagen fibers, blood vessels, H& E 

stained slide (x40). 

 

5B 

5C 

5D 
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Histomorphometrical Analysis 

The Epithelium Thickness 

The measurement of the mean thickness of the epithelium (µm) for both control and study 

groups increased with the time. This would reveal that the study group mean values were 

higher than those in control group in all healing periods (Fig. 6), (Table 4).These differences, 

in the mean thickness of the epithelium between the control and the study groups, were found 

to be statistically highly significant at all  healing periods . 

  

 

Figure 6:The mean of epithelium thickness for control and study groups in each period. 

 

Table 4 : T-test  between study and control in the epithelium thickness measurement  (µm)  in all duration. 

P-value T -test Study Group Control Group Days 

Mean +SD Mean +SD 

0.001 
HS 

5.384 62.07+9.124 37.94+6.696 3rd day 

0.001 
HS 

7.012 215.2+27.03 139.2+14.49 7th day 

0.001 
HS 

5.411 261.4+22.68 201+21.23 10th day 

 
The Blood Vessels Number 
  The mean values for blood vessles number in both study and control groups increased with 

time, with increase in the mean values for study group than that for control group as shown in 

(Fig.7),  (Table 5). The comparison between the control and the study groups by using t-test 

revealed that the differences at 3
rd

 and 7
th

 days were highly significant, and significant at 10
th

 

day. 
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Figure 7: The mean of blood vessels counts for control and experimental groups in all duration. 

 

Table 5 : T-test between control and study in blood vessels counts 

P-
value 

T-test Study Group Control Group Days 

Mean +SD Mean +SD 
 

0.001 
HS 

7.481  
12.625+0.898 

 
6.5+1.65 

3rd 

 
0.001 
HS 

15.988  
19.7+1.187 

 
11.75+0.751 

7th 

 
0.004 

S 

4.285  
16.083+0.831 

 
13.167+1.195 

10th 

 
 

ANOVA test showed there were highly significant differences in number of blood vessels 

count and epithelium thickness between durations for both study and control groups (Table 
6). In the LSD test (Table 7) , durations' comparison for blood vessels counts and 

epithelium thickness in both groups showed highly significant differences. The blood 

vessels counts in control group showed only non- significant differences between 7
th

 and 

10
th

 day. 

 

Table 6: ANOVA test for each variable in both control and study groups in all durations 

Study Group Control Group Variables 
 
 

P-value F-test P-value F-test  

 
P<0.001 

HS 

 
196.628 

 

 
P<0.001 

HS 

 
230.487 

 

 
Epithelium 
Thickness 

 
P<0.001 

HS 

 
103.515 

 

 
P<0.001 

HS 

 
41.679 

 

 
Blood 

Vessels 
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Table 7: Duration comparison using LSD test for each variables in Study and control groups 

Study Group Control Group  
Durations 

 
 

 
Variables 

 
P-value 

Mean 
Difference 

 
P-value 

Mean 
Difference 

 
P<0.001 

HS 

153.08792  
P<0.001 

HS 

101.27167  
7th day 

 
3rd day 

 
 

Epithelium 
Thicknes P<0.001 

HS 
199.31208 P<0.001 

HS 
163.04875 10th day 

P<0.001 
HS 

46.22417 
 
 

P<0.001 
HS 

61.77708 
 

10th day 7th day 

P<0.001 
HS 

7.08333 P<0.001 
HS 

5.25000 7th day 3rd day  
 

Blood 
Vessls 

P<0.001 
HS 

3.45833 P<0.001 
HS 

6.66667 10th day 

P<0.001 
HS 

3.62500* 
 
 

0.08 
NS 

1.41667 
 

10th day 7th day 

 
The Inflammatory Scores 
Both control and study groups showed closet mean differences at 3

rd
 day with non-significant 

differences, while at 7
th

 and 10
th

 day, the control group showed highest mean differences than 

study group with highly significant differences between them (Fig. 8). 
 

 
Figur 8: Line chart for inflammatory mean of scores 

 
Discussion 
     In the present study the recombinant rat leptin was used as a topical treatment for an abrasion 

ulcer induced on the rat buccal mucosal tissue.  

In clinical observation the study groups showed the smallest diameters measurements with highly 

significant differences than control groups. This result is consistent with other studies 
(11,17,18,19) 

They demonstrated  that the experimental groups were subjected to a chemical wounds  on the 

skin  and gingiva treated with leptin showed an observed reduction in diameter of wound area 

with completely healing, faster than  the other group which didn’t received leptin treatment.  



Abed et al (2019): Topical treatment of oral ulcer in mice Jun 2019 Vol. 20 

 

©Annals of Tropical Medicine & Public Health SP2027-19 

 

 

     Both control and study groups showed inflammatory cells regression with time of healing and 

the regression in the study group was more faster than that in control one. Statistically, there was 

non-significant differences between both groups at 3
rd

 day. This result is consisitent with  the 

study of Goren et al
(20)

, which revealed that there was no reduction in neutrophils and 

macrophages infiltration to the wounds in diabetic and normal mice treated with leptin topically. 

At the 7
th

 day in the study group there were a noticeable reduction in the inflammatory cells 

count with significant differences in comparison with the control group. The result is consistent 

with earlier study 
(21)

 who reported that  leptin decreased the expression of  nuclear Factor kappa-

light-chain-enhancer of activated B cells      (NF-kb), and macrophage population at 7
th

  day post-

spinal cord injury. AlsoBaris et al  
(22)

 reported that exogenous leptin shows anti-inflammatory 

effect involves the inhibition of tissue neutrophil infiltration, verifying the contribution of 

corticosteroid activity in the host defense mediated by leptin. Wetzler et a  
(23)

  reported of 

increased in infiltration of neutrophils end with dilatation in wound healing, while reduced in 

neutrophil infiltration accelerated wound repair. 

     In order to keep on the continuity of healing process without disrupting, the wound surface 

needs to create a barrier between the inner and outer environments by enhancing  reepithelization 

of wound surface in the first few days of healing 
(24)

. In the present study, the histological 

examination demonstrated that the re-epithelization process in the study group was much faster 

than control group. The epithelial proliferation and movement toward the center area of the ulcer 

in study group at 3
rd

 day was faster and result with obviously reduction in ulcer diameter, and 

nearly complete re-epithelization at the 7
th

 day, while in control group, the epithelial proliferation 

was in limited rates. In addition there were significant differences between both groups in 

epithelial thickness. This result is consistent with some studies 
(20) who found that leptin 

promotes wound healing in the oral mucosa by accelerating epithelial cell migration. Frank et 

al., (2000) found that the leptin has effects on wound repair by its direct mitogenic action on 

keratinocytes located at the wound margins.  Another study reported that leptin has effects on 

proliferation, differentiation and migration of keratinocytes cells
(18)

. Other studies (11,9,25)
   also 

reported that  leptin has a mitogenic effects on keratinocytes that mediate their proliferation, 

when used as a topical treatment  for wound healing in vivo, due to leptin ability to stimulates 

receptor–signaling cascade which leads to activation of signal transducer and activator of 

transcription 3 (STAT3) in keratinocytes.which result in accelerating of  the re-epithelization of 

wound surface. These effects is due to angiogenesis which  is an critical step in the healing 

process to supply the injured area with oxygen and necessary nutrient, as a local demands for the 
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fibroblast proliferation, extracellular matrix synthesis and re-epithelization 
(26,27)

.The present 

study demonstrated that both control and study groups showed an increase in micro vessels mean 

count with healing time, but the study group revealed higher mean value than control with highly 

significant differences than control in almost all healing intervals. These findings is consistent 

with other studies 
(28,18,19,29) 

 were  it was reported that the using  topical application of leptin on 

the wound treatment increased angiogenesis in the area which accelerates wound healing by 

providing good nutrient, oxygen, and other bioactive substances to the healing tissue. Other 

researchers  
(7,12)

 also found that leptin regulates angiogenesis at the ossification center of 

endochondral bone formation by enhancing proliferation, migration, and differentiated function 

of endothelial cells. Experimental studies 
(30, 31, 32) have demonstrated that angiogenesis can 

induced by leptin, directly, or indirectly through stimulation of endothelial cell growth and 

angiogenesis by increasing the level of vascular endothelial growth factor (VEGF). 

 

CONCLUSION: 

According to our knowledge the present study is the first one that evaluated the effect of topical 

application of leptin on abrasion mucosal ulcer healing . We observed in our study that the ulcers 

of the study groups that treated with topical applied leptin showed faster recovery than the ulcers 

of control groups. 
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Abstract 
Introduction: Damage to the ankle-sensory-control system and disturbance in the integrity of 

sensory information and awareness of the sense of movement is an important factor in reducing 

the balance and is the result of re-injury and strengthening the effective factors in sensory 

organization and balancing and postural control. As an essential strategy in the treatment of 

balance and postural problems as well as athletes' injuries.Objective: To evaluate the effect of 

balance training on postural sensory organization against external disturbances in athletes with 

chronic ankle instability. Materials and Methods: In this semi-experimental study, 30 male 

athletes with chronic ankle instability were randomly divided into two groups of exercise (n = 

15) and control (n = 15). The measurements were pre-tested and the test was carried out and the 

experimental group training program was six weeks of balance training against disturbances. To 

evaluate postural sensory organization, a dynamic computerized post choreographysystem was 

used. Which the state of the senses in 6 states that are in the first state (the presence of all three 

senses of visual, auditoryand proprioceptive), second (visual outage), third (auditory 

manipulation), fourth (manipulation of proprioceptive), fifth (visual elimination, proprioceptive 

mailto:hd.miri@gmail.com
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manipulation) and sixth (manipulation of auditory sense and proprioceptive). Data analysis was 

performed using covariance analysis and all statistical data was performed by SPSS software 

version 22 at the significance level of α ≤ 0.5 .Results: The findings of this study showed that 

people in the first state based on the score of stability, sensory organization and better postural 

control than the other 5 had a better status. The score of sustainability in the sixth state, which 

affects every 3 sense, is less than other state. There was no significant difference between 

sustainability score in the second position (visual loss) and the presence of two 

senses,auditoryand proprioceptive (with the third condition), the auditory impairment and the 

presence of two senses of visual and proprioceptive (these results indicated that individuals were 

not able to balance in the second position visual and in the third position, they are not dependent 

on auditory, but between the second condition with the fourth condition(proprioceptive 

manipulation) fifth, (the removal of visual) and sixth(auditoryand proprioceptive impairment) the 

difference was statistically significant, and the subjects in the second position were significantly 

different based on the sensory organizing stability, balance, and postural control better than the 

fourth to Sixth, the mean sensory organizing in the experimental group after six weeks of 

training in all six conditions was higher than the control group. Conclusion: The results showed 

that athletes with chronic ankle instability in the training group had a better sense of organization 

in the group compared to the control group; external disturbances had effect on training group, 

because the balance training improved proprioceptive activity and sending information and 

caused neuromuscular coordination. In addition, the improvement in the integrity of the sensory 

inputs may change the pattern of motor control and speed up the time of sending sensory, which 

ultimately leads to improved postural sensory organizing. 
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Introduction 

Ankle sprain is the most common  injury in the ankle region and is associated with damage to the 

ankle external ligaments and includes 10 to 30% of the injuries of the ankle (1). Some factors, 

such as muscle weakness, ankle limitation and damage to proprioceptive receptors in ligaments, 

can potentially damage ankle joint in people with a history of ligation stretching (1) having an 

ankle sprain, is a risk factor for re-injury. More than 30% of patients with ankle sprain, this 

complication is chronic, and this chronic sprain can increase the likelihood of arthrosis of the 

ankle and balance problems (2), on the other hand, the clinical significance of the ankle was 

associated with joint ailments, disturbances and damage with the occurrence of ankle torsion. 

Changes in arthritis and joint arthritis and disturbance in postural control are related to the 

occurrence of rebound ankle sprain (3). In addition, the occurrence of ankle instability increases 
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the risk of articular diseases and multiple afflictions, and also has side effects on occupational 

health. Repetitive ankle sprain has been reported to prevent the return of 6% of patients with 

labor, and 13% to 15% of them have been incapable of doing their jobs after being injured for at 

least nine months to 6.5 years. (4), which not only threatens the health of individuals, but also  

can save millions of euros annually from national resources by practicing (5),  it has been shown 

that the time that athlete  spent for the practice and competition after the screw injury was so 

much. The external ankle corrosion has had the longest duration of damage, so that one-sixth of 

the time was the amount of time that ankle injury had been disturbed. It is reported that roughly 

25 percent of the time away from practicing in fields such as soccer is the result of ankle injury 

(6). Therefore, there is always a need for proper treatment in this area. Suggested remedies for 

ankle sprain include manual treatments, ultrasound, brace and other modalities of physiotherapy 

to reduce pain and swelling, balance exercises and proprioceptive of it, to improve the ankle 

function, which for quicker return to activity, reduce swelling and Instability, greater motion and 

reversal of sprain are effective (7). Damage to the ankle-sensory-control system is known as the 

main cause of repeated ankle instability (3). Athletes who have ankle ligament stretch marks 

show a decrease in proprioceptive and sense of movement. As a result of recurrence decreasing 

the proprioceptive and knowledge of the sense of movement is an important factor in reducing 

balance and postural control (8). Ankle joint plays a major role in balance and postural control 

(1). It is absolutely essential to maintain balance for everyday activities and athletic performance 

(9). But maintaining balance and postural control depends on the consistent coordination of 

sensory messages arising from vestibular, vision and proprioceptive. The postural control system 

includes body position control in space for dual stability purposes and postural stability. To 

achieve these goals, the postural control system requires the integrity of the system input to 

determine the state and movement of the body in the space and output systems (motor responses) 

to manage the body's condition (10, 11). One of the important components of the sensory system 

is a proprioceptive that includes information from intraocular receptors, muscles and tendons 

that, with exercise, especially balance exercises, strengthens, and raises balance. Therefore, the 

existence of balance and specialized exercises in the training program can possibly be a factor in 

increasing the balance, and physical activity is a factor that improves the ability of static and 

dynamic balance and postural control (12). Considering the role of the proprioceptive of stability 

and postural control, athletes with ankle injury can greatly overcome their stability and balance 

deficiencies by performing balance exercises [25]. To distinguish between many defects and 

inefficiencies that affect posture and balance, CDP by amobile platform can be used to evaluate 

postural and balance control (13, 14). Studies on causation different postural control disorders 

have been performed on musculoskeletal patients. Most of the researches done so far have 

focused on the effects of unilateral ankle instability on static status control (15) and functional 

performance of lower extremities (16) and fatigue (17)which is sometimes accompanied by 

contradictory results. Since postural and balance control is one of the most important needs for 

daily activities and functional skills, defect in this system can lead to functional impairment and 

disability (18). Therefore, it is necessary to tested postural control capabilities and its effective 



Miri et al (2019): Training on postural sensory organization                    June 2019 Vol. 20 

©Annals of Tropical Medicine & Public Health SP2028-19 

 

factors. Balance exercises are one of the most common and functional methods for the 

rehabilitation of chronic ankle disorder designed to help proprioceptive system through 

improving the function of joint mechanical receptors and restoring normal-muscle feedback 

loops. (19). Therefore, it is necessary to pay attention to balance exercises and their role in 

coordinating different sense in sensory postural organization and using effective motor strategies 

(20). However, a study that would test the effect of these exercises on postural sensory 

organization against external disturbances in male athletes with chronic ankle instability is 

needed. Undoubtedly, the evaluation of postural sensory organizing measures against external 

disturbances in response to balance exercises can provide the information needed to design 

rehabilitation and recovery strategies for rehabilitation, a more appropriate exercise program for 

exercising and preventing recurrence. 

Methods 

The present study was a semi-experimental study and 30 athletes with chronic ankle sprain (20-

30 years old) were randomly selected in two experimental groups (15 people) for balancing 

exercises and control group (n = 15). On arrival, subjects must get more than or equal to 90 

percent of the FADI score and more than or equal to 75 percent of the FADI sport index score. 

Furthermore , in the last six months, they have at least two feelings of fatigue, ankle instability, 

or the feeling of loose joints while doing daily or sports activities and should be able to fully 

tolerate weight loss, normal walking, and full range of ankle sprain when performing an exercise 

(4, 21, 22). Subjects with history of fracture or lower limb joint surgery, lower extremity status 

disorders, spine, history of neurological disorders or atrial fibrillation, acute coronary syndrome, 

history of knee ligament or knee injury, head  injury, use of any sedative drug and alcohol were 

excluded  48 hours prior to the test (23). To evaluate the postural control of the subjects, a 

dynamic computerized post-choreography system was used. The system is a quantitative method 

for assessing the performance of postural and balance control in standing position and one of the 

most advanced systems for the test and manipulation of sensory systems affecting postural 

control (24). This system has two power boards to test the variables that affect postural control. 

In this study, sensory organizing test was used. This test evaluates the performance of each of the 

sensory, peripheraland perceptual systems in postural control and has 6 states. In the first three 

positions, the platforms are fixed and in the other three positions move in the anterior and 

posterior directions. Three open eyes conditions and three closed eyes and three visual stable 

settings and three other situations with visual interference were done. Finally, six conditions 

were extracted from the combination of the above factors: first position (open eyes, visual 

environment and fixed platform), second position (closed eyes, fixed platform), third position 

(open eyes, visual environment andmobile platform), fourth position (open eyes, fixed visual 

environment, mobile platform), fifth position (closed eyes, mobile platform), sixth position (open 

eyes, mobile environment, mobile platform). Each subject must maintain thebalance for 20 

seconds in the above Position, and each Position is repeated three times. In each of the positions 

of this test, a score of 0 to 100 is presented as an index of postural control, and postural control 

index in 3 times was measured andthe mean was considered as the score of the person's postural 
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control. To conduct the study, athletes with chronic ankle instability were referred to the medical 

staff and filled out a questionnaire and by a specialist physician to assess the conditions of entry 

and exit, they were evaluated. Thirty people were selected and after obtaining consent and 

information on how they participated in the project eventually entered the study. Then, each of 

the subjects was placed on the screen with the barefoot on the post choreography system. Then, 

15 participants in the training group, the Balance Practice Protocol were trained during one 

session. The test group performed balance exercises for 6 weeks, 3 sessions per week and 1day 

each , each session for about 60 minutes, 10 minutes warm up, 45 minutes main exercise. The set 

consisted of two consecutive practice exercises (five levels of protocol) with 2 minutes of rest 

between each course, theduration of each movement level was 45 seconds, and the rest after each 

training in each levelwas 30 seconds and at the end, 5 minutes of cool down. The intensity and 

volume of the training changed by the change in the type of exercise, and the simple to complex 

form, the type of instrument, the change in the thickness of the mattress and foam, its stiffness 

and the performance of the movements (25). Finally, after completing the six-week training 

program, all of the variables in the post-test were re-measured in two groups. Descriptive 

statistics (mean and standard deviation) were used to describe the data as well as inferential 

statistics such as one-way ANOVA for data analysis at the level of α≤0.05. 

 

Results and findings 

The individual characteristics of the experimental and control groups are presented in Table 1. 

The results of the statistical test did not show a significant difference, which indicates that the 

subjects were homogeneous. 

Table 1: Average and Standard Deviation Individual Characteristics 

P          Control group (n = 15) Experimental group (15 = n) Variable 

0.85 24.26 ± 1.86 24.40±2.13 Age (year) 

0.48 69.80 ± 8.89 72.20±9.76 Weight (kg) 

0.47 177.46 ± 8.56 179.46 ± 6.41 Height (cm) 

 

Table 2 shows the mean and standard deviation of the sensory organizing variable in 6 sensory 

manipulation states in athletes with chronic ankle instability in the experimental and control 

groups. 
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Table 2: Average and Standard Deviation sensory organizing Information 

Control group (n = 15)Experimental group (15 = n) the level Conditions 

89.96±3.36                            89.32±3.57 Pre test 
Open eyes, visual environment and fixed platform 

90.51±3.24                            92.41±3.67 Post test 

84.30±6.32                       84±6.44 Pre test 
Closed eyes, fixed platform 

85.71±6.12                            91.88±3.09 Post test 

82.38±5.84                            83.08±6.56 Pre test 
Open eyes, mobile visual environment, fixed platform 

83.92±5.56                            90.88±3.84 Post test 

66.14±7.01                           68.17±7.53 Pre test 
Open eyes, steady visual environment, mobile platform 

67.84±7.20                           82.88±7.38 Post test 

52.05±9.54                             53.84±10.39 Pre test 
Closed eyes, mobile platform 

53.54±9.34                          69.11±7.56 Post test 

45.97±9.24                             47.26±11.62 Pre test 
Open eyes, mobile visual environment, mobile platform 

46.82±9.91                             61.68±15.19 Post test 

69.92±2.29                          70.94±2.92 Pre test 
Total average 

71.39±2.48                          81.47±4.54 Post test 

 

The findings presented in Table 3 show that the mean sensory organizing score in the 

experimental group was higher than the control group in all six conditions. Also, the comparison 

of the sensory organizing of the subjects in the experimental and control groups in pre-test and 

post-test showed that there was no significant difference between the experimental and control 

groups in the pre-tests, but in the post-test, the experimental group had better performance than 

the control group . The results of the covariance analysis showed that six weeks of balance 

traininghad an impact on the sensory organizing of the external disturbances in male athletes 

with chronic ankle instability (Table 3) 

 

 

 

 

 

 

 

 

 



Miri et al (2019): Training on postural sensory organization                    June 2019 Vol. 20 

©Annals of Tropical Medicine & Public Health SP2028-19 

 

 

Table 3 the results of the covariance analysis of the sensory organizing in each of the condition 

Sig        F Source              Condition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Average 

of squares 

Degrees of 

freedom 

Sum of 

squares 

First sensory 

condition(C1

) 

Second 

sensory 

condition(C2

) 

Third sensory 

condition(C3) 

 

Forth sensory 

condition(C4) 

 

Fifth sensory 

condition(C5) 

 

Sixth sensory 

condition(C6) 

 

Mean total 

sensory status 

(CO) 

0.000 

0.017 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.001 

0.001 

0.000 

88.38 

6.43 

26.28 

23.17 

23.95 

25.78 

16.07 

40.36 

8.25 

28.50 

19.18 

14.37 

12.49 

32.08 

257.92 

18.79 

325.10 

286.59 

301.54 

324.24 

556.31 

1396.78 

473.82 

1636.26 

1914.02 

1434.09 

239.53 

614.82 

1 

1 
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1 

1 

1 
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Discussion and conclusion 

 

The findings of the present study showed that athletes with chronic ankle instability in the  

training group had more stability and better sensory organization against external disturbances 

than the control group. The mean of sustainability score in the experimental group in the post-

test in all six conditions was higher than the control group. Individuals in the first position, based 

on the sensory organizing stability score, had better balancing and postural control than the other 

five. There was no significant difference between the score of sustainability in the second 

position (removal of vision and the presence ofauditoryand proprioceptive) with the third 

condition (the auditory sensory manipulation and the presence of visual and proprioceptive).This 

results indicates that individuals were  balanced in the second position due to visual and in the 

third position are not dependent on auditory, but between the second position with the fourth 

position (proprioceptivemanipulation) fifth ,(the removal of vision and proprioceptive 

manipulation) and sixth (the auditory and proprioceptive manipulation) the difference is 

statistically significant and the subjects in the second position were significantly based on the 

sensory organizing stability, balance, and better postural control than the fourth to sixth 

conditions. The results of these findings are consistent with the findings of Stee et al (2009), 

which stated that visual and auditory feedback can be effective on improving the balance of 

people (26). Researchers acknowledged that decreased sensory integrity, loss of performance 

proprioceptive, visual and auditoryreceptors lead to a reduction in balance (27, 28). Bulgar et al. 

(2014) stated that due to the balance of system dependence on sensory inputs, in case of 

reduction or discontinuation of one of the sensory inputs, body oscillation increases and thus 

increases the balance of muscle activity (29). In the case of normal standing, the participation of 

visual information is low in postural control and stability (approximately 10%), but in the case of 

neuromuscular fatigue, with a reduction in the sensitivity of the proprioceptive that comes from 

the tired muscles (31), Increases the effect of visual information on sustainability and the 

postural control system (32-34). Freber et al. (2007) stated in their study that these differences 

are more prominent for young people, especially when the visual stimulus is removed or 

inaccurate (24). Anafaraldo et al. (2016) found that the lowest scores for fifth position (Closed 

eyes and mobile platform) were obtained in a study that tested postural changes associated with 

increasing age and stability limits in healthy people, and a remarkable differencewas not 

observed (11), as well as the results of Olive et al. (2005), both of which are not consistent with 

the current research. Because the results of the present study showed that the percentage and 

degree of stability in the sixth position, which have an auditoryand proprioceptive, are less than 

other positions, which may be due to differences in the samples (35) and the results of the 

research by Hirbaishi et al. 1995) is consistent with the results of the present study because the 

lowest score for sixth position has been obtained. (36) Researchers have argued that the 

reduction in proprioceptive causes disturbance in indicators such as sensory organization and 

postural control and balance (37). Studies have shown thattrainingproprioceptive can be trained, 

and rehabilitation and training programs, which mainly involve proprioceptive, will enhance 

performance and sustainability. In order to train the proprioceptive of the involvement of this 

system in training, special exercises are needed for this purpose. A part of 

proprioceptiveexercises, including balance exercises, are unstable (38). Exercise in an unstable 

state stimulates proprioceptive receptors, feedbacks to maintain balance and recognize the 

position of the body (39). Therefore, balance exercises have been proposed on unstable surfaces 

such as balance plate and mobile plate to improve peritoneal defects (38). Balance exercises or 
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unstable exercises may also cause more muscle involvement, and the central nervous system will 

receive more appropriate and effective stimuli from the nerves of the proprioceptive receptors of 

the muscles (39). Considering the role of the proprioceptive of stability and postural control, 

athletes with ankle injury can greatly overcome their stability and balance deficiencies by 

performing balance exercises and increasing the strength of the lower extremities. Balance 

exercises appear to stimulate different sensory receptors and increase sensory-input and 

vestibular system inputs that can have central effects on joints stabilization, postural and balance 

control programs, leading to greater sensory organization and increased sustainability Posturing 

with integrity and sending intelligence information from different sensory receptors 

(proprioceptive sensory, etc.). Regarding the effectiveness of balance exercises on the sensory 

organization of balance and stability in postural control indices of people with chronic ankle 

instability against disturbances, it is suggested to researchers and sports rehabilitation experts in 

the rehabilitation of athletes with chronic ankle instability balance exercises along with other 

methods. 
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Introduction 

The number of abortions is increasing every year in USA, while legalization laws of abortion voted in 

Belgium in 1990 and in France in 1975 were intended to promote reducing these numbers. [1] Lack of 

public interest and relative denial of clinicians for the psychological consequences of abortion are 

worrying because people living perinatal mourning need to see their word heard and recognized.[2] 

Abortion Early abortion is a condition that a pregnant woman experiences early in pregnancy. This 

condition causes fear, tension, great anxiety, and fear of being unable to hold. Early abortion is the loss 

of pregnancy before the twenty-four weeks of pregnancy, and this situation affects about twenty 

percent of pregnant women. There are many reasons for pregnancy loss and early abortion, some 

related to the fetus, others to the pregnant mother. [3] 
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Causes of abortion 

 The incidence of miscarriage is attributed to several factors and causes. Genetic or chromosomal 

factors or random chromosomal errors occur when the fetal cell is split; the egg or sperm is damaged 

leading to abortion. Chromosomal factors cause about 50% of abortions. There are different causes of 

abortion. Chromosome abnormalities causes intrauterine fetal death (Intrauterine fetal demise, IUFD). 

This is a situation where the fetus is formed but it is prevented from growth before the emergence 

symptoms associated with pregnancy loss. In blighted ovum, this condition occurs during the first 

trimester of pregnancy, even before a woman is known to be pregnant; it is also known as an 

embryonic pregnancy. In spite of the adhesion of the fertilized egg to the uterine wall, [4] the fetus 

does not grow in this case, as the cells develop the problem of the gestational sac and not the fetus 

itself. Another cause of abortion is complete molar pregnancy or gestational trophoblastic disease. The 

condition is rare, and is an abnormal growth of the placenta which is attributed to A defect. It occurs 

when the egg is integrated into sperm during fertilization. Cholecystic parts are formed when the sperm 

are introduced into an empty egg, but the fetus is not formed. The placenta grows and produces a 

hormone known as the human chorionic gonadotropin (human chorionic gonadotropin). Partial Molar 

Pregnancy, also referred to as partial cluster pregnancy, occurs when a mass of abnormal cells is 

formed, in addition the embryo has PVC defects This is rare because one of the fetuses may grow 

naturally while the other embryo represents a partial cluster load, in which case the embryo is 

eliminated by the rapid growth of the abnormal mass. [5] 

Types of miscarriage Abortion 

Accompanied by bleeding in the uterus, which affects the life of the fetus, and threatens to abortion at 

any moment, abortion is inevitable: It occurs as a result of expansions in the cervix, with painful and 

severe contractions in the uterus, resulting in immediate abortion. Incomplete abortions occur in the 

fetus, with some parts still stuck in the uterus, such as the placenta, and the fetal membranes. This 

abortion is accompanied by heavy bleeding and severe abdominal pain. Aborted abortion is caused by 

fetal death, and the inability of the uterus to be removed and pushed out, showing lack of the pulse of 

the fetus in ultrasound device, and a process of cleaning the uterus in order to get rid of the dead fetus. 

Mild abortion is as a result of the infection of the uterus and inflammation of the uterus leading to 

mother's fever and death of the fetus. Repeated abortion is an abortion that is repeated repeatedly in the 

pregnant mother. [6] 

Early miscarriage: The presence of congenital malformations in the fetus is caused by malformation 

which hampers its ability to live. This condition is caused by an imbalance in the fertilization of the 

fertilized egg in the wall of the uterus, genetic, genetic, semen weakness, or egg weakness. It is the 

major and leading cause of abortions. Lack of access of oxygen by the fetus due to high blood pressure, 

several diseases, umbilical cord inflammation around the fetus, or a defect in the blood vessels in the 

placenta or umbilical cord has been linked with early miscarriage. Embryonic membrane injury caused 

by rupture due to high pressure in the womb as a result of amniotic ejaculation. Pregnant mother is 
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affected by a drop in the heart, leading to lack of oxygen. The patient suffers from severe and chronic 

respiratory diseases, anemia, and anesthesia which affect the oxygen supply of the fetus. There is an 

inconsistency in the blood shape between the mother and the fetus, because of the difference in febrile 

factors between them; the mother blood shape is negative while a fetus blood shape is positive. 

Another cause is when mother takes some drugs that could harm the fetus and could result in abortion. 

Infection of the pregnant woman with caused pathogens such as measles, smallpox and syphilis can 

causes deformities in the fetus and sometimes death. In addition, when mother is affected by fever and 

the fetus cannot resist can also lead to abortion. Disease of the glands such as failure of thyroid, lack of 

insulin secretion, and diabetes; inability of the uterus to present a suitable environment for the 

pregnancy due to low levels of certain hormones such as progesterone; the presence of congenital 

malformations in the uterus such as uterus with horns;  cirrhosis of the uterus ; and permanent injury to 

contractions; neurological diseases; surgical procedure; exposure to accidents; and use of certain drugs 

can cause uterine muscle contraction which can lead to abortion. This is because the uterus is exposed 

to direct external injuries, or internal injuries. [7] 

The objective of this study is to describe the clinical psychological disorders associated with an 

abortion so that the general public will become educated about the consequences and dangers of 

abortion.  This is because only women who have been cured can express their experience which would 

be a guide to future generation. Through this, occurrence of abortion would be reduced and 

trivialization of this condition would stop.  Adolescent girls should be the focus of attention as abortion 

is becoming more common among 15-19 year olds and the potential consequences on their psyche are 

important and serious. It is therefore necessary to mention some scientific studies carried out in France 

Belgium or other places; to realize the gap in this subject. The data shows the relative lack of interest of 

public research bodies. Indeed, in Belgium and France, the right of women includes access to abortion, 

which is part of the health offered.  

Some of the studies mentioned below are systematically disqualified because they highlight the link 

between abortion and mental health problems. It would therefore be too dangerous to take them into 

account as this could challenge the theory that abortion is a medical condition.  There is also greater 

freedom of speech and research in Anglo-Saxon countries. Could we not give these studies the benefit 

of echoing a reality found in the field by some professionals and in the name of the precautionary 

principle, carry out scientific research. It should be noted that this non-exhaustive list was made on the 

basis of the original documents and includes studies with contradictory conclusions. 

Abortion, mental disorders and depression: Three studies from the Department of Psychiatry, 

Manitoba University, Canada which was published in April 2010 in the Canadian Journal of 

Psychiatry. 1. A psychiatric study of 3,310 American women, entitled “Associations between mental, 

abortion, disorder & suicidal behavior in a sample nationally representative ". A purpose of this 

study was to evaluate the relations between mental and abortion that previous studies had already 

highlighted, but with shared results. The researchers examined the relationship between abortion, 

mental disorders& suicidal by using a large, nationally representative samples in the United States. [8] 



Al-assady (2019): Psychology of abortion          June 2019 Vol. 20 

 

 SP2029-19    ©Annals of Tropical Medicine & Public Health-Special Issues 

 

The data was derived from NCSR. Logistic regression analysis have been used to examine the 

associations between mood and disorders, abortion, substance use, anxiety, nutrition, disruptive 

behavior disorders, as well as suicidal impulses and suicide attempt during life. The role of violence 

has also been explored. They found that after adjust for sociodemographic data, abortion were associate 

with the increased likelihood of serious mental disorders: 

• Mood disorders (adjuster odd rate range from 1.76 to 1.92) 

• Anxiety (RCA range from 1.88 to 1.92) 

• Take drug (RCA range from 3.15to 4.98) 

• Suicidal thought and suicide attempt (CAR range from 1.98 to 2.19). 

The adjustment made because of violence suffered by the woman weakened some of these associations. 

For all the disorders examined, less than half of the women reported that their mental disorder started 

after the first abortion. Attributable fractions in the population ranged from 5.8% (suicidal ideation) at 

24.7% (substance abuse). 

The psychological dimension in the management of voluntary interruptions of pregnancy was 

conducted by Dr. S. Dupont, Infant Juvenile Psychiatry Department of the Erstein Hospital Center, 

France, and published in 2004 in the Journal of Obstetrics and Gynecology. This study was  entitled 

"The the management of abortion "highlights" reported of a recurring tendency of women to display 

a defensive psychological attitude towards the situation of abortion, and to conceal their emotional 

experience as well as the spontaneous processes of maternal maturation related to the experience of 

pregnancy. This pitfall psychic elaboration seems to be associated, as the case may be, with a particular 

form of pathological mourning of the pregnancy, a recourse to acting factor (more prominent in 

teenage girls), or subsequent difficulties to support other maternities. The study concluded that in terms 

of psychological effects, women who experienced abortion, and the role physicians and caregivers play 

in their identification and prevention should be taken serious.  The study therefore proposed working 

directions that take into account the psychological dimension in their care.  

Abortion induced during the first trimester of pregnancy and risk of mental disorders: A study 

titled "Induced First-Trimester Abortion and Risk of Mental Disorder", which was funded inter 

alia by the Susan Thompson Buffet Foundation was conducted by Danish researchers and published in 

UK Journal of Medicine in January 2001, demonstrated link between abortion and psychiatric 

problems. 

Between 2000 and 2017, researchers monitored 84,620 women who had abortion and 280,930 had a 

first delivery, over a period ranging from 9 months before the event to 1 year after. Within this period, 

women having abortions were three times more likely to consult a psychiatrist for the first time than 

those who give birth. However, for these women, the results show that the rate of psychiatric morbidity 

increases soon after abortion; with an annual rate of 14.6 per thousand before abortion and 15.2 per 
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thousand after.  It was concluded that women do not have an increased risk of first psychiatric episode 

requiring psychiatric consultation or hospitalization after an abortion since the rate of psychiatric 

morbidity is similar before and after the abortion. [9] However, this conclusion was challenged by Dr. 

Priscilla Coleman, Professor of Human Development and Family Studies at Bowling Green State 

University and Expert on the Relationship between Abortion and mental disorders. She is of the 

opinion that this study poses indeed "major problems". While the researchers in the study concluded 

that women experience abortion "frequently experience mental health problems related to factors 

unrelated to the procedure ", it specifies that women who were consulted before an abortion “were 

probably in the midst of abortion decision-making". It also stresses that researchers did not find an 

interesting statistic from the study that shows that the rate of health problems is much higher after 

abortion (15%) than after birth (6.7%). For the women who have not been pregnant, the rate is 8.7%. 

The authors of the study specify finally that they studied only "the severe psychiatric episodes, that is 

to say those requiring recourse to the psychiatrist. For this reason, it is impossible for us to conclude on 

the symptoms of depression, feelings of sadness or regret or relief "from the woman after the abortion. 

This study therefore gives an all the more restrictive assessment of the mental health of women who 

have aborted that, as Priscilla Coleman continues, "there is abundant evidence that that the negative 

effects of abortion may not surface for several years ".[10] 

Abortion and suicide: Meta Uchtman, Regional Director of the American Association Cincinnati 

Suiciders Anonymous, testified before the Court at the Casey trial against Family Planning that among 

the 4000 women who made an attempt suicidal ideation (1400 of them were between 15 and 24 years 

old), having consulted40% had an abortion, while the average rate of suicide attempts for the general 

population is 22%. 

The effect of pregnancy loss on women health:  This study, "The Effect of pregnancy Loss on 

Women Health" was conducted by Philip Ney, a psychiatrist at Department of Family Medicine at the 

University of British Columbia, and Tak Fung, Biostatistician, at the University of Calgary; which was 

published in 1994 in the journal Social Science and Medicine concluded that: "Women who have had 

miscarriage or abortion will not have the same psychological support on the part of professionals than 

women who gave birth to a stillborn child. The women having abortion needs a complex psychological 

follow-up because the perinatal mourning is the seat conflicts and because few professionals are 

available and trained in these disorders”. The doctor Canadian Philip Ney was the first to describe the 

symptoms of psychological disorders experienced by women who experience abortion and their 

children. 

Maternal mortality associated with pregnancy after birth, abortion or miscarriage in Finland:  

Between 2000 and 2017, a team of researchers from the Stakes, the Finnish government research and 

statistics agency conducted a medical study titled "Pregnancy-Associate mortality after birth, 

spontaneous abort or induce abortion in Finland ", for reasons of death among women between 16 

to 48 in Finland with a pregnancy. The results of this study indicated that the age-adjusted mortality 

rate during pregnancy and up to one year after the end of the pregnancy was 36.7 per 100,000 
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pregnancies, 57.0 per100, 000 for non-pregnant women. In contrast, the death rate of women who gave 

birth to one child is 28.2 per 100,000 while it is 51.9 per 100,000 in the case of spontaneous abortion 

and83.1 per 100,000 in case of induced abortion, three times more than in the case of a birth. [12] 

Abortion and traumatic stress: preliminary compare between USA and Russian women: This 

study, "Induced Abortion and Traumatic Stress, A preliminary comparison on American and 

Russian Women ", was carried out on a cohort of 548 women including 331 Russians and 217 

Americans having one or more abortions but no miscarriage or stillbirth. The results of this study 

indicated that 65% of American women showed several symptoms of revival, avoidance associated 

with PTSD (Post Traumatic Syndrome Disorder) against 13.1% for Russians. In addition, 64% of 

women who had an abortion reported that they were pressured to do so and more than half say they 

were undecided and precipitated in their decision. Finally, 80% say they have not received adequate 

counseling before intervention. [11] 

Five-year study of women's mental health after miscarriage or abortion, published in 2005 by the 

Department of Behavioral Sciences, Institute of Basic Sciences in Medicine, University of Oslo, and 

took into account 40 women who had a miscarriage and 80 women who had an abortion in Buskerud 

County Hospital in Norway, this study titled "The course of mental health after miscarriage 

induced abortion: a longitudinal, five-year follow-up study "concludes that 10 days after the event , 

32.5% women in the miscarriage group felt anxiety, 37.5% in the IVG group, 17.9% in the general 

population. 27.5% of the women in miscarriage group were depressed, 20% in the IVG group, 6.6% in 

the general population. 
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There is no statistically significant difference between the groups after 6 month, 2 year & 5 year. 

Women face a painful experience of medical termination of pregnancy or IMG: This study, 

"Women facing the painful experience of IMG" was published in 2008 and carried out by the center 

for Studies and Research in Psychopathology, University of Toulouse II, collected from seven women 
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who had used IMG and revealed the psychic trauma that can represent the IMG, the significant distress 

of mothers marked by pervasive feelings of guilt symptoms, anxious and persistent depressive 

symptoms. Divergent reactions within the couple are perceptible and carry a risk of marital conflict. 

The study concluded that there was the need to support individual, and also a interest of taking care of 

the couple. 

Abortion & crime: unwanted child & birth outside marriage: This study, "Abortion & Crime: 

Unwanted child & Out-of-Wedlock Birth", was published in 2018. Australian and American 

economists Lott and Whitley, argues that the legalization of abortion increases out-of-wedlock births 

and lone-parent numbers, which leads to a decline in investment in human capital and an increase in 

crime. The impact of legalization of abortion on the number of murders committed in the United States 

would be between 0.5 to 7%. 
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Conclusion: 

Funding for objective epidemiological studies is absolutely necessary to ground the intuitions of the 

some mental health professionals and the field experience with news sites as IVG.net11. This site can 

testify to the increasing number of calls from young women in distress psychic or even suicidal 

following an abortion. Given the complexity of the disturbances and the number psychic domains 

potentially affected by the trauma, these studies should be led by multidisciplinary teams: mental 

health, gynecology, sexology, oncology, pediatrics, etc. are as much medical specialties that when 

studied together, could provide a cross-sectional epidemiological data which would be interesting. By 

guaranteeing a non-ideological approach of the studies carried out, one could thus study in detail, not 

only the clinic of the troubles experienced by the woman and her entourage, but also the following 

subjects: 
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• Link between survivorship of abortion and abortion: women from siblings in which there is abortion 

more likely to abort. 

• Link between the first abortion and the following: Does the woman’s who have abortion more like to 

reiterate her act. 

• Impact of the legalization of abortion on psychological disorders: the social acceptance of abortion 

since have the abortion legalization laws reduced or increased the number of people suffering from 

psychological consequences of abortion? 

• Survivorship syndrome after medically assisted procreation12 

• Differences and similarities of experiences between spontaneous abortion and voluntary abortion. 

• Differences and similarities of experience between chemical abortion and aspiration abortion. 

• Costs induced by abortion for society: in addition to surgery, costs of psychological care. 
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Abstract  

Objectives: Very few studies in India have evaluated the performance of GeneXpert MTB/Rif assay for 

diagnosis of extrapulmonary tuberculosis thus in the present study we made an attempt to evaluate the 

performance of GeneXpert MTB/Rif assay for routine diagnosis of extrapulmonary tuberculosis. 

Methods: A total of 441 extrapulmonary samples (188 biopsy, 123 body fluids, 80 CSF and 50 pus) obtained 

from patients suspected of extrapulmonary tuberculosis were tested for smear microscopy, GeneXpert MTB/Rif 

assay and culture against a composite reference standard and sensitivity, specificity, positive predictive value 

(PPV) and negative predictive values (NPV) of the assays were calculated using SPSS version 22 for evaluating 

the performance of these assay. 

Results: The pooled sensitivity of GeneXpert MTB/Rif assay, smear microscopy and culture against a 

composite reference standard was found to be 78.64%, 24.27% and 50.49% respectively. The individual 

sensitivity of the Gene Xpert MTB/Rif assay for biopsy, body fluids, csf and pus samples was found to be 

84.62%, 50%, 71.43% and 95.45% respectively. The pooled as well as individual specificity of all the assays in 

present study was found to be 100%. 
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Conclusion: Gene Xpert MTB/Rif assay offers very high sensitivity and specificity for diagnosis of 

extrapulmonary tuberculosis especially in tissue biopsies and pus specimens. Gene Xpert MTB/Rif assay seems 

to be a better tool than most of the currently available laboratory methods for diagnosis of extrapulmonary 

tuberculosis. Further longitudinal studies are required to evaluate the feasibility of this assay in local health care 

settings. 

Key words: Diagnosis, Extrapulmonary, Gene Xpert, Microscopy, Mycobacterium, Tuberculosis 
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INTRODUCTION 

Extrapulmonary Tuberculosis (EPTB) is an infection caused by Mycobacterium tuberculosis (MTB) which 

affects tissues and organs outside the lung parenchyma. [1] EPTB occurs as a result of haematogenous and 

lymphatic spread of the bacilli to extrapulmonary site during primary infection. Under the influence of cell 

mediated immunity the viable bacilli remains in latent form inside a granuloma at the extrapulmonary site for 

years. A compromise in the immune system of the host results in reactivation of the latent granuloma into an 

active infection. [2] In recent years worldwide increase in incidence of EPTB cases has significantly contributed 

to TB related morbidity and mortality. [3] Diagnosis of EPTB has always remained a challenge due to 

nonspecific clinical presentation, further paucibacillary nature and unavailability of appropriate and adequate 

samples results in poor performance of conventional microbiological techniques.  Owing to complications in 

diagnosis the risk of misdiagnosing EPTB cases is often much higher. Thus, there is an urgent need of rapid and 

accurate test for diagnosis of EPTB. In 2013, World Health Organization (WHO) endorsed the implementation 

of Gene Xpert MTB/Rif assay for diagnosis of EPTB. [4] Gene Xpert MTB/Rif is a fully automated diagnostic 

molecular test with an analytical sensitivity of 131cfu/ml of MTB in sputum and is able to detect more than 

99.5% rifampicin resistant associated mutations. [5] Gene Xpert MTB/Rif assay seems to be a promising tool 

for EPTB diagnosis as it requires minimal biosafety requirements and is simple to perform without any chance 

of cross contamination. [6] Systemic Cochrane reviews assessing the performance of GeneXpert MTB/Rif assay 

reported varied sensitivity and specificity for different forms of extrapulmonary TB; Further several limitations 

like smaller number of samples, incomplete information about HIV status of the patients, accuracy of reference 

standards and variations in specimen preparation methods were also observed in preliminary studies. [7-11] 

Gene Xpert MTB/Rif assay is the only commercial nucleic acid amplification test that is recommended for the 
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diagnosis of EPTB and is relatively new in India thus studies assessing the performance of this assay in Indian 

conditions are desirable. Therefore, in the present study we made an attempt to evaluate the performance of 

GeneXpert MTB/Rif assay for routine diagnosis of EPTB in comparison with a composite reference standard 

(CRS) composed of clinical findings, smear microscopy, culture, histology/cytology, site specific computerized 

tomography scan/magnetic resonance imaging, and patient response to antituberculosis therapy (ATT). Present 

study is a step towards generating data for utility of Gene Xpert MTB/Rif in diagnosis of EPTB and also 

provides an opportunity to address some of the abovementioned limitations. Findings of present study will be 

useful in future for drafting strategies for TB control programs for the settings similar to present study. 

Materials and Methods  

Study setting: The study was conducted at microbiology department of a tertiary care centre in south coastal 

Karnataka, India from August 2016 to September 2017, after obtaining approval from the Institutional Research 

and Ethical Committee. A total of 441 extrapulmonary samples comprising of 188 biopsy (lymph node, 

endometrial, epidedymal and bone), 123 body fluids (pleural fluid, peritoneal fluid, gastric lavage, pericardial 

fluid, Synovial fluid and Urine), 80 csf and 50 pus received as a part of routine diagnostics were processed for 

Gene Xpert MTB/Rif assay, microscopy and culture. The samples were divided into two equal parts one part 

was used for Gene Xpert MTB/Rif assay whereas the other part was used for microscopy and culture. All tissue 

biopsy samples were cut into small pieces using a surgical knife and transferred to a petridish, washed with 

sterile distilled water to remove blood  and  grinded with a sterile grinder before use. 

Smear Microscopy: Smears for all samples were prepared and stained with 0.3% Auramine phenol O for 10 

minutes and then were decolourised with 1% acid alcohol solution for 2 minutes and finally counter stained with 

0.1% potassium permanganate for 1 minute. Stained smears were examined using LED-FM as per RNTCP 

guidelines [12]  

 Gene Xpert MTB/Rif assay: was performed as per manufacturer’s instructions. Briefly sample reagent was 

added to untreated samples at a ratio of 2:1, manually agitated and kept at room temperature for 15 minutes or 

till complete digestion (for tissue biopsy) and then 2ml of sample reagent mixture was transferred to the Xpert 

test cartridge. Then cartridge was inserted into the GeneXpert device and the automatically generated results 

were read after completion of the test. All tests which showed invalid results were repeated. [13]   
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Culture: all clinical samples were decontaminated using the NALC-NaOH method and were cultured on 

Lowenstein Jensen (LJ) slants or Mycobacteria Growth Indicator Tube (MGIT)). All positive cultures on MGIT 

tubes or LJ slants were examined microscopically for acid-fast bacilli (AFB). For confirmation of M. 

tuberculosis MPT-64 based immuno-chromatographic test (SD, Bioline) was performed. 

Statistical analysis: Patients clinical findings, smear microscopy, culture, , histology/cytology, site specific 

computerized tomography scan/magnetic resonance imaging, and response to anti-tuberculosis therapy (ATT) 

was tabulated in Microsoft excel spread sheet and were used to create a composite reference standard. Any 

sample that was found positive for any one component of composite reference standard and responding to ATT 

treatment was considered as TB. Results of Gene Xpert MTB/Rif assay were analysed against composite 

reference standard and were compared with smear microscopy and culture. All statistical analysis was 

performed using SPSS version 22 (SPSS Inc., USA). 

Results 

 A total of 441 non repetitive extrapulmonary samples from 286 males and 155 females were included for the 

present study.  Mean age of the patients was found to be 44.06 (SD 17.60, range 1-88 years). Nineteen among 

them were sero-positive for HIV. A detailed description of demographic details of the patients is given in Table: 

1. 

On the basis of CRS based on clinical findings, smear microscopy, culture, histology/cytology, site specific 

computerized tomography scan/magnetic resonance imaging, and patient response to ATT 103 (23.35%) 

patients were diagnosed for EPTB whereas 338 (76.64%) were negative for EPTB. Gene Xpert MTB/Rif assay 

was positive for 81 (18.36%) samples and the pooled sensitivity and specificity for EPTB detection was found 

to be 78.64% and 100% respectively. Smear microscopy and culture was found positive in 25(5.67%) and 52 

(11.79%) samples respectively. The pooled sensitivity of smear microscopy and culture was found to be 24.27% 

and 50.49% respectively whereas the pooled specificity of both was found to be 100%.The detailed comparison 

of Gene Xpert MTB/Rif assay, smear microscopy and culture is given in Table: 2.On analysing the results by 

plotting a receiver operator characteristic curve (Fig:1) between true positive rate (sensitivity) and false positive 

rate (1-specificity) area under curve for microscopy, culture and Gene Xpert MTB/Rif was found to be 0.906 

(95% CI, 0.875-0.937), 0.934(95% CI,0.912-0.957) and 0.969 (95% CI , 0.954-0.984) respectively whereas the 

standard error for the same was found to be 0.016, 0.011 and 0.008 respectively.  

On analysing the Gene Xpert MTB/Rif assay performance in various extrapulmonary samples 23.04 % (44/188) 

biopsy samples, 8.94% (11/123) body fluids, 6.25% ( 5/80) csf and 42% (21/50) pus samples were found 
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positive . A detailed description of positive samples by smear microscopy, culture and Gene Xpert MTB/Rif 

assay in comparison with CRS is given in table 3. 

The sensitivity of the Gene Xpert MTB/Rif assay for biopsy, body fluids, CSF and pus samples was found to be 

84.62%, 50%, 71.43% and 95.45% respectively (Fig2) whereas the specificity was 100% for all type of samples. 

The detailed description of performance of Gene Xpert MTB/Rif assay in various samples is given in Table 4.  

Rifampicin resistance was seen in 5 (1.13%) samples, three samples were biopsy where as 1 each was pus and 

body fluid.  

Discussion 

 EPTB remains a diagnostic dilemma due to its atypical clinical presentation and lack of sensitivity in 

conventional diagnostic methods. Culture is considered gold standard for tuberculosis diagnosis but due to 

paucibacillary nature of EPTB it remains imperfect and leads to misclassification of samples as false positive for 

samples detected positive by gene amplification tests. Studies have shown that use of composite reference 

standard that considers multiple aspects provide greater likelihood ratios and post test probability as compared 

to culture.[14, 15] Thus , in the present study we considered a composite reference standard composed of 

clinical findings, smear microscopy, culture, histology/cytology, site specific computerized tomography 

scan/magnetic resonance imaging, and patient response to anti-tuberculosis therapy (ATT) for analysing the 

performance of Gene Xpert MTB/Rif assay. We report a pooled sensitivity of 78.64% and specificity of 100% 

for Xpert MTB/ Rif against the CRS which is almost similar to previously reported studies from India and Italy 

which reported sensitivity of 75% and 79% respectively and specificity of 100%. [16, 17] The sensitivity of 

smear microscopy remains low due to low bacterial load in EPTB samples in the present study also it was found 

to be 24.27%. A total of 29 (28.15%) culture negative samples were detected positive by Xpert MTB/ Rif assay 

all these patients had either clinically, histo-logically and radio-logically proven TB along with clinical response 

to ATT.  Among culture negative Xpert MTB/ Rif positive patients few were already on empirical treatment of 

ATT due to which the culture may have not grown. Apart from this the paucibacillary nature, uneven 

distribution of bacilli in extrapulmonary sample, loss of viable bacilli during mechanical homogenization or 

NALC-NaOH decontamination step while decanting supernatant, and lesser homogenising and liquefaction 

property of NALC-NaOH in comparison with Xpert sample reagent may have also attributed to low sensitivity 

of culture in present study. A study from Tunisia reported 86% sensitivity in biopsies using Xpert MTB/Rif 
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almost similar sensitivity (84.62%) in biopsies was found in the present study though the specificity in the 

present study was slightly higher (100%) than aforesaid study from Tunisia (94.6%). [18] A meta-analysis also 

reported pooled sensitivity and specificity of 81.2% (95% CI 72.4–87.7%) and 99.1% (95% CI 94.5–99.9%) 

respectively in biopsy samples which further supports the findings of present study. [7] Body fluids contains 

various components like blood, salts and proteins which are assumed to be inhibitors for polymerase chain 

reactions, [19] thus majority of studies has reported low sensitivity and high specificity of Xpert MTB/ Rif for 

body fluids , in the present study also the lowest sensitivity (50%) was observed in body fluids.[14,16,20,21] On 

a contrary to many studies on CSF which reported low  sensitivity of Xpert MTB/Rif assay the sensitivity in 

present study was found higher (71.43 % ) . Despite the fact that we analysed larger number of csf samples (80) 

than majority of previously published reports the number of positive samples in our study was very less (5 only) 

which might have been the most probable reason for such variations in sensitivity.[14,16,18,20] Further the 

highest sensitivity of 95.45% by Xpert MTB/Rif was observed in pus samples which was in concordance with 

the most published reports although all those reports has reported low specificity as majority of them used 

culture as reference gold standard. Thus owing to low positivity of culture in EPTB majority of samples in those 

studies might have been reported as false positive resulting in low specificity. [16, 17, 20] Five samples were 

found resistant to rifampicin by Xpert MTB/Rif assay, only 3 of them grew on culture thus we didn’t compared 

rifampicin resistance by conventional drug susceptibility testing which remains one of the major limitations of 

this study. 

To conclude present study suggests that Xpert MTB/Rif assay offers very high sensitivity and specificity for 

MTB detection in EPTB especially in tissue biopsies and pus specimens. Gene Xpert assay seems to be a 

promising tool for EPTB diagnosis and has a potential to increase the case detection rates of smear negative 

cases. Further longitudinal studies are required to evaluate the feasibility of this assay in local health care 

settings. 
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Table 1: Detailed description of patients enrolled for the present study 

 Gene Xpert 

MTB/Rif assay 

Smear Microscopy Culture 

Positive  81 25 52 

 

Negative  360 416 389 

 

Sensitivity  

(95% CI) 

78.64 

 (69.47-86.10) 

24.27 

(16.36-33.71) 

50.49 

 (40.46-60.49) 

Specificity  

(95% CI) 

100  

(98.91-100) 

100 

(98.91-100) 

100  

(98-100) 

Positive predictive value 

 (95 % CI) 

100 

 

100 100 

Negative predictive value 

(95% CI) 

93.89 

(91.38-95.70) 

81.25 

(79.53-82.86) 

86.89 

(84.50-88.96) 

Table 2:  Comparison of Gene Xpert MTB/Rif assay, smear microscopy and culture. 

  

TB Positive  

(103) 

 

TB negative 

 (338) 

 

Odds Ratio 

(95% CI) 

Age : mean 

( SD, Range in years ) 

37.78 

(16.76,  4-80) 

45.98 

( 17.70, 1-88) 

 

- 

Gender: 

Male, number (%) 

Female, number (%) 

 

59 (57.28) 

44 (42.71) 

 

227 (67.15) 

111(32.84) 

 

0.66 

(0.42-1.03) 

Case classification: 

New cases (%) 

Previously treated case of TB (%) 

 

91 (88.34) 

12 (11.65) 

 

328 (97.04) 

10 (2.95) 

 

0.23 

(0.1-0.55) 

HIV status: 

Positive 

Negative 

 

7(6.79)  

96 (93.20) 

 

12(3.55) 

 326 (96.44) 

 

1.98 

(0.76-5.17) 
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Method 

(Total positive) 

Biopsy 

(188) 

Body Fluids 

(123) 

Csf 

(80) 

Pus 

(50) 

Smear microscopy (25) 11(5.85%) 03 (2.4%) 0(0.0%) 11(22%) 

Culture (52) 27(14.36%) 05(4.06%) 1(1.25%) 19(38%) 

Gene Xpert (81) 44 (23.40%) 11(8.94%) 5(6.25%) 21(42%) 

CRS (103) 52(48.14%) 22(17.87%) 7(8.75%) 22(44%) 

Table 3 Comparison of the positive results obtained using smear microscopy, culture, Gene Xpert MTB/Rif 

assay. 

 

 

 

 

 

Biopsy 

(188) 

Body Fluids 

(123) 

Csf 

(80) 

Pus 

(50) 

Positive 44 11 05 21 

Negative 144 112 75 29 

Sensitivity 

(95% CI) 

84.62 

(71.92-93.12) 

50 

(28.22-71.78) 

71.43 

(29.04-96.33) 

95.45 

(77.16-99.88) 

Specificity 

(95% CI) 

100 

(97.32-100) 

100 

(96.41-100) 

100 

(95.07-100) 

100 

(87.66-100) 

Positive predictive value 

(95 % CI) 

100 100 100 100 

Negative predictive value 

(95% CI) 

94.44 

(89.99-96.98) 

90.18 

(85.81-93.31) 

97.33 

(91.88-99.16) 

96.55 

(80.49-99.48) 

Table 4: Performance of Gene Xpert MTB/Rif assay in various samples 
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Figure 1 Receiver operator characteristic curve drawn between true positive rate (sensitivity) and false positive 

rate (1-specificity) for microscopy1 (a), culture1 (b) and Gene Xpert MTB/Rif 1(c). 

 

 

 

Fig: 2 A forest plot showing sensitivity of Gene Xpert MTB/Rif in comparison with smear 

microscopy and culture 2(a) and in different samples 2(b). 
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:Abstract 
This  research  was conducted on patients in the hospital of salah al-dine in Tikrit city from 

1/11/2016  to 1/5/2017 to  determine trace of heavy  metals such as Zinc, Copper, Cadmium 

and lead; and the biochemical changes   urea, creatinine ,uric acid and electrolytes (Na
+
, K

+
, 

Ca
++

 ) in sera of patients with renal failure disease before  and after dialysis using enzymatic 

colorimetric   method and graphite furnace atomic absorption spectrophotometer for 

determination of analysts  in serum respectively. 

The Study involved 52 patients suffering from renal failure disease and their ages was 

between 17--74 years from the  two genders, healthy person were used also as control 

groups for comparison before and after treatments. 

The results obtained show that high significance increment with p<0.001   with  concentration 

of Cd, Pb, urea, creatinine, uric acid, potassium and  high significance decrement  with 

p<0.001 with concentration of Zn, Cu, Na and Ca in sera of patient before and after dialysis  

comparing with the concentration of the same analyst in  sera  for  healthy  group . 

 Key words: Heavy metals, renal failure, hemodialysis, dialysis 

How to cite this article: Kharnoob HH, Ahmed SK (2019): Determination of biochemical 

parameters and some trace metals in sera of patients for renal failure disease by 

spectrophotometry, Ann Trop Med & Pub Health; 20: SP2032-19 

 

 :Introduction 
Trace metals play an important role in physiological human system due to some of them are essential 

while other toxic
 (1, 2)

 .The available concentration of such metals in biological samples reflect the 

nutritional status, environmental and occupational exposure and possible causes for existing adverse 

health effects. Therefore monitoring of metals intake and its accumulation in the human body are 

important for assessments and monitoring 
(3–5)

. 

Renal failure disease is related with exposure of trace metals such as Cd, Cu, Zn, Pb, Mn, Ca, Fe and 

Cr
 (6)

.It has been shown that many elements, including Ca, Mg, Fe, Zn, Cu, Se, Al, Cd, Cr and Pb, are 

involved  in the pathogenesis of kidney failure and its associated complications
(7)

. 

Disturbance of trace heavy metals metabolism is one of the many complications observed in patients 

with renal failure, hemodialysis is the most common method used to treat renal failure
 (8)

. 

The dialysis poses a risk to renal failure patients   due to deficiency of essential trace elements and 

excess of toxic trace elements, both of which can affect health. The trace elements occur in very low 
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concentrations in the body but their role is the maintenance of disturbed biological functions in human 

body. In adults concentration  of cadmium, chromium, nickel, and vanadium   accumulate in 

hemodialysis patients, but it is not known  whether concentration   of copper , lead , manganese, 

selenium, and zinc are  accumulated  or not during dialysis
 (9)

. 

Treatment of renal failure disease involves the application of dialysis for long time to keep the 

concentration of essential trace metals normal
 (10)

. 

The principle of dialysis is the blood passed through thin channels surrounded by very thin membrane, 

the components of blood especially the toxic will diffuse to membrane from the blood 
(11). 

The biochemical changes which are related to renal failure disease are blood urea. Creatinine changes 

are directly proportional to the concentration of toxic trace metals in human body
 (12)

. 

In this research, atomic absorption spectrophotometry with GFAA   was used for the determination of 

trace metals (Zn, Cu, Cd, Pb )  and  enzymatic colorimetric method was used  for determination of the 

biological changes. 

:and Methods sMaterial 

The following techniques were used for experimental work  

Table (1) Instruments and Tools 

company  name instruments and tools 

shimadzu uv / visible spectrophotometer 

Shimadzu graphite furnace atomic absorption 

Germany micropipette 

Biomaghreb urea method 

Biomaghreb uric acid tool 

Biomaghreb creatinine procedure 

Biolab         calcium total 

Spainreact sodium cation 

Spainreact potassium ion 

and Results Sampling 

20 samples of blood were collected from healthy person as control group and 52 samples from patients 

of renal failure.  10 ml of blood sample was withdrawn from vein and kept for 10 minutes to coagulate, 

then centrifuged   for 10 minutes at 4000 rpm. The serum was separated for   determination of   

biochemical parameters and  trace metals. 

1. Urea, uric acid and s. creatinine were determined by   applying Beer Lambert law at specific wave 

length; sodium, potassium and calcium were also determined by using selective method for each one, 

the following  results obtained are shown in Table 2 
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Table 2: Biochemical parameters concentration in blood 

P value Std. Error Std. Deviation Mean Study groups Parameters 

 

<0.001 
8.8378 63.730 224.846 before 

Urea (mg/dl) 

 
6.7491 48.668 131.673 after 

1.7196 7.6905 32.7500 control 

 

<0.001 
0.5828 4.2029 10.9394 before 

Creatinine(mg/dl) 

 
0.3487 2.5147 6.3833 after 

0.0509 0.2276 0.9365 control 

 

<0.001 
0.2621 1.8906 8.0569 before 

Uric acid(mg/dl) 

 

0.1287 0.9285 4.2390 after 

0.2742 1.2266 4.9950 control 

 

<0.001 
  

0.781 5.633 127.17 before 
mmol\L)Na+ ( 

 

0.735 5.301 137.49 after 

1.264 5.654 140.16 control 

 

<0.001 
0.052 0.378 1.712 before 

Ca++(mg/dl) 

 

0.052 0.375 2.012 after 

0.063 0.285 2.318 control 

 

<0.001 
0.149 1.080 6.369 before 

K+(mmol\L) 

 

0.119 0.863 4.685 after 

0.194 0.868 4.430 control 

 

2. Trace metals were determined using graphite furnace atomic absorption spectrophotometry 

(GFAAS) technique by applying calibration curve to calculate the concentration   of metals in   sample. 

The results are illustrated in Table (3). 
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Table (3) Trace metals concentration in blood 

Metals 
Study groups Mean Std. Deviation Std. Error 

P value 

Cu(μg/ml) 

 

Before 0.732 0.161 0.022  
<0.001 

After 0.875 0.141 0.019 

Control 1.109 0.301 0.067 

Zn(μg/ml) Before 0.553 0.130 0.018  
<0.001 

After 0.686 0.132 0.018 

Control 0.795 0.253 0.056 

Pb(ng/ml) Before 46.80 13.74 1.905  
<0.001 

After 31.24 11.43 1.585 

Control 26.73 10.92 2.443 

 

Cd(ng/ml) 
 

Before 26.44 11.74 1.628  
<0.001 

After 15.28 7.729 1.071 

Control 9.135 6.157 1.376 

 

The accuracy of the analytical techniques is listed in Table 4 

Table 4: Accuracy of GFAAS 

% Recovery Pb Found Pb added ng/ml 

0 N.D 0 

90 4.5 5 

98 9.8 10 

97 14.6              15 

99 19.9                20 

 

The precision of the analytical techniques is showing in Table 5 

10 ml from lead concentration 5ng/ml injected in the GFAAS five times and the absorbance was 

recorded as shown in Table 5. 
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Table 5: precision of GFAAS 
Absorbance Trial 

0.00 0 

0.20 1 

0.230 2 

0.200 3 

0.199 4 

0.211 5 

 

 

The accuracy of enzymatic method for determination of biochemical Parameter was done in the same 

method of GFAAS and the result obtained was shown in Table 6. 

Table 6: Accuracy of colorimetric enzymatic method 

Recovery% Urea found Urea added 50 mg/dl)) 

           0.0             Not detected 0 

96 48 50 

102 102 100 

102 153 150 

100 200 200 

98 240 250 

 

The precision of enzymatic method for determination of biochemical Parameter was done as above and 

listed in Table 7 
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Table 7:  Precision of colorimetric enzymatic method 

Absorbance Trial 

0.00 0 

0.300 1 

0.310 2 

0.299 3 

0.300 4 

0.320 5 

 

:Discussion 
The results obtained in Table 2 show decrease in concentration of urea, uric acid, potassium, 

and creatinine after dialysis while the concentration of calcium and sodium increased. This 

result is consistent with other workers
 (13-15)

.The results in Table 2 is shown as histogram 

showing (Figure - 

The results in Table (3) illustrated that increasing in concentration of Cu, and Zn after dialysis 

while decreasing in concentration of Pb and Cd . The results obtained in this study is 

consistent with other works 
(16,17)

.The results in Table (3) is showing in histogram (Figure -2). 

The Accuracy and precision of  both analytical techniques used in this study which are 

showing Table (3),(4),(5) and (6) are good enough to measure the concentration of  trace 

metals (Cd, Cu, Zn, Pb) and biochemical parameters (blood urea, creatinine, uric acid and 

electrolytes ) in sera of patients of  renal failure disease. 
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Figure-1: Concentration of Urea, Creatinine, Uric acid and Electrolytes in blood. 

 

 
Figure -2: Concentration of trace metal (Cu, Zn, Cd, Pb) in blood. 
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