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SUMMARY AND CONCLUSIONS 

I. Summary 

Diabetes is a multisystem disorder and complications of diabetes induce 
physiological changes in tissues and cells that impair the normal healing process. The 
pathophysiologic relationship between diabetes and impaired healing is complex. The 
diabetic wounds get stuck in the inflammatory phase featured by continuing influx of 
neutrophils that release cytotoxic enzymes. 

Wounds that are difficult to heal represent a serious public health problem. The 
lesions severely affect the quality of life of individuals due to decreased mobility and 
substantial loss of productivity; they can also cause emotional damage and con-tribute to 
increase the burden of public expenditures in healthcare. 

Physical treatments such as therapeutic ultrasound, Laser and electrotherapy are cited 
likewise in the literature as important adjuncts in wound management. These therapies 
seem to be advantageous but they have limitations and do not always achieve satisfactory 
results. 

In recent years nanotechnology has been emerging as a rapidly growing field with 
numerous applications in science and technology.  

This work aimed to evaluate the role of antibacterial nanofibers by incorporating 
silver nanoparticles into nanofibers using electrospinning as wound dressing on excisional 
wound healing dynamics in diabetic mice in comparison with physical methods such as 
therapeutic ultrasound and photostimulation using laser. 

In the present study, we prepared different types of nanomaterials such as Ag 
nanoparticles using chemical reduction process, CA nanofibers and Ag loaded CA 
nanofibers using electrospinning process. The prepared Ag nanoparticles were 
characterized using Transmission Electron Microscope (TEM) to determine the 
morphology and the size of nanoparticles, X-ray Diffraction (XRD) pattern in order to 
evaluate crystalline state and Particle Size Analyzer (PSA) determine the particle size 
distribution curve of Ag nanoparticles.  

The prepared CA and Ag loaded CA nanofibers were characterized in terms of 
morphology by scanning and transmission electron microscope, Fourier-transform Infrared 
spectroscopy (FTIR) to investigate functional groups. The antibacterial activity Ag loaded 
CA nanofibers with (1, 3 and 5 %) AgNO3 using Disc Diffusion test and Growth kinetics 
study was determined. 

Accordingly Ag nanoparticles, CA and CA loaded with 5% used for wound dressing 
in excisional wound of diabetic mice in comparison with physical therapy as follow: 

Group (I): Diabetic free served as control group (10 mice) injected with citrate buffer.  

Group (II): Experimental group (60 mice) injected with Streptozotocin, this group will 
be divided into the following subgroups:  
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IIa- Experimental group (10 mice), their open wounds left without treatment.  

IIb- Experimental group (10 mice), their open wounds treated with Ag NPs only (50µL 
every other day). 

IIc- Experimental group (10 mice), their open wounds dressed with CA nanofiber only. 

IId- Experimental group (10 mice), their open wounds dressed with CA nanofiber 
contain AgNPs. 

IIe- Experimental group (10 mice) treated with insulin combined with laser (650 nm, 
150 mW) with a fluence of 5 J ⁄cm2 5 minutes daily, for 10 days. 

IIf- Experimental group (10 mice) treated with insulin combined with pulsed ultrasound 
(0.5 W/cm2) 5 minutes daily, for10 days. 

• The healing was noticed and assessed during the treatment period and the Healing 
Factor Was determined. 

• Histopatholgical Examination of mice skin during period of healing was done by 
taking skin from each group in 4th, 10th, 15th days of treatment period. 

• Taking after healing period and determine the mechanical properties of healed skin 

The results of the present work are: 

For Ag nanoparticles they were spherical in shape and there is a variation in particle 
sizes ranging from 4.32nm to 7.27 nm with an average size 5.79 nm, from the XRD pattern 
it is clear that silver nanoparticles were essentially crystalline in nature and from particle 
size analyzer they were in a range of 29-41 nm. The highest fraction of Ag NP present in 
the solution was of 33.3 nm.  

Good quality nanofibers for CA and Ag loaded CA nanofibers with smooth surface 
were obtained for CA and rough surface for Ag loaded CA nanofibers due to presence of 
Ag nanoparticles. FTIR showed that there are no major difference between the two 
samples in the major peak bands. However, it is also seen that the intensities of some peaks 
increase, this can be attributed to the presence of Ag NPs. The antibacterial activity of CA 
loaded with Ag Nanoparticles indicated high activity of CA loaded with 5% Ag 
nanoparticles. 

Wound dressing using nanofibers loaded with Ag NPs improve the skin wound 
healing and the mechanical properties of the treated skin of the diabetic mice. Marked 
improvement in wound strength and healing due to increase in formation of collagen fibers 
and activity of the epithelial covering in mice receiving STZ and treated with insulin in 
combination with dressing with nanofibers loaded with Ag NPs. 

Healing factor of different group increases with increasing of the treatment time. 
Healing factor of the diabetic mice treated with insulin dressed with nanofibers loaded with 
Ag NPs shows a healing factor higher than that of the normal group. 
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By comparing results obtained from different treatment modalities, we found that all 
therapeutic tools facilitate and accelerate diabetic wound healing, and improving scar 
quality but with different degree, and the best method is to use nanomaterials (nanofibers 
in conjugation with antimicrobial nanoparticles) which act as scaffold. 

Conclusion  

1- Nanotechnology is a very promising field that can be used in different application 
and science like in medicine. 

2- Nanomaterials especially metal nanoparticles and nanofibers are wonderful 
materials that have unique properties than their original materials. 

3- Abnormal wound healing that can occur during many pathological states like in 
diabetic patients is a very dangerous and can lead to mortality in some cases, can be 
treated using new therapies like using of nanotechnology.  
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����� ��ض ا����ى �� ا���اض  ا�����ة ا������ة ����ة و���� ��yر��x|}x~� �� x�� x�� xت وvwxy إذا 
ى �§�وح �®ن ا��¬xم ه©¨ ا�§�وح �� ا���xآ¥ ا�¤��v ا��� ��ا£�x  ا����� و���¢ ذ�¡  �وث ��ح �� ���ض ���� ا����
x�£¯} ¢�¤� �°§ن . ا�x� ¡�©� ±��§ا���²³ وا�� xء ا��� �����هx�}µوح ��²³ ا����ي �¶�� �� ا�£ v�x}ر ¸��x�� عx|ار�

� ��¶� v��ºو v|°�� ��»ق {¯ج £���ة، و�¿ ������ v£x  كxم £�وح ��²³ ا����ىه�x¬ا�� �  �� �Áxا�� x�£������ و�����
  .��xÂ���� �� x�� xت واv�Æ ا���xق �� £��± ا��§µxت ٢١أهÃ ا��x��Âت �� ا��Âن 

و��Â ���� ا��°�xء �� ����É ه©¨ ا�������£�x �� ا��§xل ا���� و ذ�¡ ��¤��± ��اد ��x أ��xد v�����ÁxÁ و x|wت ����ة 
�} x�wا�y �� ¸°��� vد�xا�� xدهx��Ê� xا��� ����  .ا���اد ذا�� v�����Áxف ا��xا��� x��°} É°�� ك ��ادxو�� ه©¨ ا���اد ه�

ا���Æا��x آ~�xد¨ �°§�وح وآ©�¡ ���� د�Î ��� ا���اد ���x¬�¶£ ¥�� xت ا�|~v ا�����ÆÌ Í�����Áxا��x آ�~xد �°�����x ا��� 
  .���� ان �°�ث ا�§�وح

VOWXMOا YZ ف\]Oا:  

ا�x�Ñء ا������Áxي ا��¤�± �� اx��Æت ا��°�°�ز وا����Ïي {°�  ه� �Ã��Â دورا���ف �� ه©¨ ا��v�xÆ آxن 
����Æxام ¿��vÂ ا�Ñ¶ل ا������Òx �� �~��� وا��¬xم ا�§�وح �� ا�|¬�ان £¶�¬xت ا�|~v ا��v�����Áx ا��~xدة �°�����x ا��¤�± 

  .xت ا�|�ق v���w وا�°�¶را��¤����x� v�xي �xÂر���x� vÁق ا�|�¶�Í�Òx ��¥ ا���£

  bcdefO ه`ا اO[\ف _^

، ا�|~Ï� v~�� ��اد x¬�¶£ ¥�� v�����ÁxÁت ا�|~v ا��v�����Áx ا�����É��¿ �} vÁ ا�yÌ¶ال ا�����x¬�¶§� �Òxت ��Áات - ١
¿��É  {� ا�x�Ñء ا������Áxي ا��¤�± ��  اx��Æت ا��°�°�زو وا����Ïي {°� £¶�¬xت ا�|~v ا��v�����Áxو

²�µxاص ه©¨ ا���اد آ�y vÆم ا�§�وح ودراx¬دة �� ا��x�~آ Ãا�����ÆÌ �Òxل ا�����¶Ñا� vÂ��¿ ام���Æx� xه��~Ï�: 
 . و §x¬�¶£  Ãت ا�|~v ا�����Æx� v�����Áxام ا�����و��Æب ا�����Ìو²Á ا���x© دراvÆ ا���Ô ا��xر²£ •
• Æx� v�����Áxا�� v~|ت ا�x¬�¶§� ا���آ�¢ ا�°�°�رى vÆدراvا����� v�Öز  ��د ا�x�£ ام���. 
ا�x�Ñء ا������Áxي ا��¤�± �� اx��Æت ا��°�°�ز وا����Ïي {°�  �°x�Ñء ا������Áxي و دراvÆ ا���Ô ا��xر²£ •

x�����°� دةx~ا�� v�����Áxا�� v~|ت ا�x¬�¶£ ÔÆx² ا��Áو�����Ìب ا��Æام ا�����و���Æx� �}. 
•  v�x�|ت ا�x}��§ا�� vÆيدرا����Áxء ا��x�Ñ°� ي {°�  و��Ïت ا��°�°�ز وا��x��Æي ا��¤�± �� ا����Áxء ا��x�Ñا�

x�����°� دةx~ا�� v�����Áxا�� v~|ت ا�x¬�¶£ اء��Ïا� ×Ï� v�Öز ا�x�£ ام���Æx�. 
•  ��ØÊ� vÆدرا v�����Áxا�� v~|ت ا�x¬�¶£ �°} ي��Ïت ا��°�°�ز وا��x��Æي ا��¤�± �� ا����Áxء ا��x�Ñا�

x�����°� دةx~ا��  Ù���� ��x�¿x�Áو xا������ ��Á . 
•  xو{�ده v٧٠وا�|¬�ان ا�������  �Â  Ã� رÊدة  �٦٠x�� Ã��� رÊ�)straptozotocin ( v}�§�mg/kg 180  Ã�� �� 

ا�����Á���� Ã��Â  Ã�� Ã� ���Âا ا��§��{v ا�~ÃØ Í��x £�ح £��± ا�|¬�ان و{�¥ £�ح دا�Òي  ١٠ا����x� Ã���xwي و
  :����°|x��°� v{�ة �� ا��¬xم ا�§�ح و �Ã��Â ا�|¬�ان ا�x}��§� ²ت آvÂ��� ����µx ا���Ý وا����Æ× ا���ق ا

- KOوhا ijkTlTOا  :Í��x~ا� Í}��§ا�� . vÝ ¯�� ا����ي ��آ�ا ��ون {¯ج �� v��xy ان�¬�
x����¿ م ا�§�وحx¬ا��. 

- VcmWnOا ijkTlTOا  :ÙÂ� �����Áµx� Ã�£¯} Ã� ي����x� ن��x¤� ان�¬�. 
- VnOWnOا ijkTlTOا  : Í�Öµ و����� ا�§�ح �����Áµx� Ã�£¯} Ã� ي����x� ن��x¤� ان�¬�

 �Òا�°�¶ر ا���nm٦٥٠,   150mWم ا�§�حx¬ا�� �� . 
- VNLاMOا ijkTlTOو����� ا�§�ح :  :ا �����Áµx� Ã�£¯} Ã� ي����x� ن��x¤� ان�¬�

   . �°��£xت ا�|�ق v���w  �� ا��¬xم ا�§�ح
- ioZWROا ijkTlTOو{¯ج ا�§�ح :  :ا �����Áµx� Ã�£¯} Ã� ي����x� ن��x¤� ان�¬�

 .�§�{xت ����x¬�¶£ �� Íت ا�|~v ا��v�����Áx  �� ا��¬xم ا�§�ح
-  iXدWoOا ijkTlTOء :  :اx�Ñام ا����Æا Ãو� �����Áµx� Ã�£¯} Ã� ي����x� ن��x¤� ان�¬�

  .ا��¬xم ا�§�ح ا������Áxي ا��¤�± ��  اx��Æت ا��°�°�ز  �� ا�x�Ñر �°§�ح  ��
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- iNLWoOا ijkTlTOء  :اx�Ñام ا����Æا Ãو� Ãو� �����Áµx� Ã�£¯} Ã� ي����x� ن��x¤� ان�¬�
ا������Áxي ا��¤�± ��  اx��Æت ا��°�°�زو ا����Ïي {°� £¶�¬xت ا�|~v ا��v�����Áx ا��~xدة 

 .�°�����x �� ا�x�Ñر �°§�ح  �� ا��¬xم ا�§�ح

 �vÝ ¯� Ã ا��¬xم ا�§�وح �� آ¥ ا��§��{xت y¯ل ���ة ا��¯ج �x�Âس ���x¥ اx¬��µم  •

 �Ã اx��} ©yت �� ا�§°� �� ا���م ا��ا�± وا���Öx وا��x�¤Ï|� ��} à�x ه������£�x ��� ا��¬xم ا�§�وح •

• Í� Í���Áxا���� Í�wxس ا��xو�� Ã¬�°ا�§°� ا�� ©yا Ã�. 

qerOا stWfm:  

} vÆت ا��را�|Æو�� أv��áا ÎÒxا��� � :  

ا��¬xم ا�§�وح �� ا�|¬�ان ا������Æx� v£xام ا�x�Ñء ا������Áxي ا��¤�± �� اx��Æت ا��°�°�ز وا����Ïي {°�  -١
 .£¶�¬xت ا�|~v ا��v�����Áx ا��~xدة �°�����x �� ���ة ا�¥ �� ���x ا��§��{xت

ا�x�Ñء ا������Áxي ا��¤�± �� اx��Æت ���ن آ��xت �� ا���xÂ�¿ �� ��£µت ا�§°� �°|¬�ان ا������Æx� v§�xام  -٢
 .ا��°�°�ز وا����Ïي {°� £¶�¬xت ا�|~v ا��v�����Áx ا��~xدة �°�����x�� x ��ل {°� ا��¬xم ا�§�وح

  :و�� ه©¨ ا���Î����Á ÎÒx ان

•  x�°  ¢�¤� اض ا�����µا �°} ¢°Ñا�� vو�xÏ�� vت ا����µx§ا�� vwxyت وµx§ا������ �� ���°¸ ا�� �� ��µ
���x�v���Âق ا� .  

•  ¥�� v|°ت ا����µx§آ¥ �� ا��xا����� �� ا��� ¥  �� �}x�� �� �Áxا�� x�£������ ام���Æا ¥�� v���  تx��Â� ام���Æا
 .ا��§xل ا����
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ucvk_و Mcwe_  USj يkfeTOي اMfZkmWyOء اW{|Oدة اWwTOا V~MfZkmWyOا Vw�Oت اW�~��

 ictW~�c�Oق اM�OWL VmرWdZ يM�oOWL VLW�TOان اM��Oا U� وحMlOم اW�fOا U� iZا\RfX� W~Mf�rSO

 �NSOج

  
  

 v��°} v�xÆر  
  

  £v��x ا���ÆÌر�v –���� ا���Ïث ا����v��Â�v إ�² 
v£ل {°² در�¤Ïوط ا���� x�Ò¶£ ءاx|ا�  

  
  

  
  اO\آkfرا�

  
K�  
  

�VcrاW~�c�Oء Oا V~kceOا  
  

YZ VZ\dZ  
  

  

  

K���Z \Tا�\cX \coOا Vo~WZ 

 )٢٠٠٧ ���vwxy v  آ���xء(����xر��س ا��°�م 

vر����Æµا v��x£  

vا���� v���Ïء ا�x�¶�|ا� �� ����£x� 
 vث ا�����Ïا�� ���� 
vر����ÆÌا v��x£ 

٢٠١١  
  
  

Vcr�Oث اkerOا \]NZ 
V~ر\y�Xا� VNZW� 

٢٠١٥  
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ucvk_و Mcwe_  ءW{|Oا W~Mf�rSO دةWwTOا V~MfZkmWyOا Vw�Oت اW�~�� USj يkfeTOي اMfZkmWyOا

�Mق ا�NSO ictW~�c�OجOWL VmرWdZ يM�oOWL VLW�TOان اM��Oا U� وحMlOم اW�fOا U� iZا\RfX�  

  
YZ VZ\dZ  

  

K���Z \Tا�\cX \coOا Vo~WZ   

vا���� v���Ïء ا�x�¶�|ا� �� ����£x� 
 vث ا�����Ïا�� ���� 

 v��x£vر����ÆÌا 
٢٠١١  

   
  

Vدر� KSj لk�eSO  

  

  اO\آkfرا�

 K�  
  

Vcr�Oا V~kceOء اW~�c�Oا  
  

VOWXMOا KSj ^�eOوا V{�WyTOا VylO  نkdا�kZ  
  

  
  �Wرق WTnjن اMTyO. د.ا

  ا�v���Ï اv�}x�ÖÌا�|�¶�xء ��|�غ أx�Æذ 
  آ°�v ا��°�م

 v��x£x��¿  
  

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

  ~uXk~ ^cSX uXk. د.أ
  ا�|�¶�xء ا�v���Ï ا������v|�غ أx�Æذ 

vث ا�����Ïا�� ����  
vر����ÆÌا v��x£  

  

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

   �Wyء إMLاهKrS� ^c. د.ا
vا���� v���Ïء ا�x�¶�|ذ ا�x�Æأ  

vث ا�����Ïا�� ����  
vر����ÆÌا v��x£  

  

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

  W�cmن kTeZد ��Mي. د.أ
  ا�v���Ï ا����vا�|�¶�xء ��|�غ أx�Æذ 

vث ا�����Ïا�� ����  
vر����ÆÌا v��x£  

 ----------------------  
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  VylO ا��Mاف

  kZا�kdن 

  
  �Wyء إMLاهKrS� ^c. د.أ

vا���� v���Ïء ا�x�¶�|ذ ا�x�Æأ  
vث ا�����Ïا�� ����  

vر����ÆÌا v��x£  

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

   
   W�cmن kTeZد ��Mي. د.أ

  ا�|�¶�xء ا�v���Ï ا����v ��|�غ أx�Æذ
vث ا�����Ïا�� ����  

vر����ÆÌا v��x£  

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

   
  اU�\�O اUerv �Z .د.أ

  ا�����Øx£�أx�Æذ 
vث ا�����Ïا�� ����  

vر����ÆÌا v��x£  

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

  
  

  اMLW� �Z اM{O~\ي.د
  ا�����و�����£���رس 

vث ا�����Ïا�� ����  
 v��x£vر����ÆÌا  

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