
ISSN: 0975-8585 

   

November–December 2018  RJPBCS  9(6)  Page No. 909 

Research Journal of Pharmaceutical, Biological and Chemical 

Sciences 

 
 
 
 

Potency Of Titanium Dioxide Nanoparticles On Skin Wound Healing In Rats. 
 

Aziza M Amer1*, Ahmed I Abd El Maksoud2, Mohamed A Abdeen 1, Amera Hamdy3,  
Hana A Mabrok4, Mohamed M Amer1, and Ahmed A El-Sanousi1. 

 
1 Faculty of Veterinary Medicine, Cairo University, Egypt 
2 Genetic Engineering and Biotechnology Research Institute (GBRI), University of Sadat City, Egypt. 
3Collage of Biotechnology, Misr University for Science and Technology (MUST), Egypt. 
4Animal Health Research Institute, Dokki, Giza, Egypt  

 
ABSTRACT 

 
Wound is as damage or disruption to the normal anatomical structure and function, it can range from 

a simple break in the epithelial integrity of the skin or it can be deeper, extending into subcutaneous tissue. 
Titanium dioxide nanorods (TiO2-NRs) were biosynthesized abundantly and confirmed its rod shape with the 
dimensions of 244-246 nm length and 532-649 nm diameter, respectively.     Chicken embryo chorioalantoic 
membrane (CAM) vascular assay was used in studying angiogenesis of prepared TiO2-NRs  and proved that 
both 10 and 20 µg/0.2ml showed good angiogenesis effect as evaluated by microscopical examination for 
collateral proliferation of blood vessels and histological examination of the treated fertile chicken’s eggs CAM .  
Also, the dose 20 µg/0.2ml TiO2-NRs showed activity of angiogenesis better than 10 µg/0.2ml TiO2-NRs.The 
effects of different concentration TiO2 nanoparticles on wound healing in Albino rats were used for evaluating 
the macroscopic and the microscopic effect of skin wound dressing on angiogenesis and wound healing. The 
animals of un-treated treated by phenytoin as standard healing promoting drug (control positive)drug, 10 
µg/200 µl and 20 µg/200 µl groups showed thickening of epidermis at its cut edges. The dermis near the 
excision area was rich in polymorphonuclear cells which mainly represent the inflammatory cells. The obtained 
results proved that dressing with TiO2-NRs (10 and 20 µg/ 200 µl) resulted in good angiogenesis with 
formation of new capillaries and endothelial cells proliferation in skin wounds at 3, 5 and 7 days of treatment 
as well as rapid wound healing from 3 to 14 days of treatment as compared with control negative and 
phenytoin spray. Dressing with 20 µg/0.2ml gave the best result. It can be concluded that the wound dressing 
with TiO2-NRs showed promoting effect on wound healing. It is advisable to be used with other medications to 
cut short the time of wound healing and further investigation has to be done to clarify the exact mechanism of 
TiO2-NRs promotes wound healing. 
Keywords: TiO2, Nanorods, Angiogenesis, CAM, wound healing, albino rats, phenytoin, histological change. 
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INTRODUCTION 
 

Titanium dioxide (TiO2) is a natural oxide of the element titanium with negligible biological effects and 
of low toxicity. Nanoparticles (NPs); are very small materials on the nanometer scale; 1,000,000,000 
nanometers in one meter; the abbreviation for a nanometer is nm. Nanometer is nm, nanoparticles in size 
from (1 nm: 100 nm) nanoparticles are classified based on the dimension of their structure [1]. TiO2 
nanoparticles (TiO2-NPs) are used extensively in food products and in a wide range of pharmaceutical products 
and cosmetics as sunscreens and toothpastes [2]. Therefore, human exposure may occur through ingestion, 
dermal penetration and inhalation route, during both the manufacturing process and use [3].   

 
Rutile TiO2 nanorods (TiO2-NRs) was synthesis via the best method which is direct hydrolysis of 

inorganic titanium salts in aqueous solutions under hydrothermal or moderate conditions [4, 5]. It offers 
considerable promise in various biomedical applications as drug delivery, gene and antigen delivery [6]. 

 
In spite of the extensively use of TiO2-NPs, the biological effects and the mechanisms of cellular 

response are not completely understudied [7, 8].The extent and type of cell damage depend strongly on both 
chemical and physical characteristics of TiO2-NPs, including size, photo-activation and crystal structure [2].  

 
 One of the most important technical challenges in the studies of angiogenesis is selection of the 

appropriate assay method. There are increasing numbers of in vitro and in vivo angiogenesis assays described 
in literature [9]. Chorioallantoic membrane (CAM) assay has been reported as an invivo assay model to study 
angiogenesis [10] and evaluation of drug delivery systems [11]. Hen's egg test CAM and CAM vascular assay 
[12]. 

 
Wound is a damage or disruption to the normal anatomical structure and function of skin. It is ranging 

from a simple break in the epithelium to extending into the subcutaneous tissue with damage to other 
structures (tendons, muscles, vessels, nerves, parenchymal organs and even bone) [13]. A physiological 
response to the noxious factor results in bleeding, vessel contraction with coagulation, activation of 
complement and an inflammatory response [14].   

 
          TiO2 NPs are known to be of popular wide use due  to it is  cost effective, safe for humans and the 
environment, stable and non-carcinogenic and nontoxic [15].  TiO2 NPs exist in three crystalline phases 
demonstrates high antimicrobial properties [16]. The antimicrobial activity of G. zeylanica extract to Methicillin 
resistant Staphylococcus aureus was enhanced in the presence of TiO2 NPs [17]. The broad spectrum 
antimicrobial activity of TiO2 even in the absence of photo activation has been reported [18].  
 
         Studies on healing of burn wounds in rat demonstrated the formation of a strongly adherent crust of a 
Nano-composite, preventing both infection and inflammation with rapid reduction of wound area as 
compared with untreated control. The dispersion of the TiO was resulted in the improved regeneration of 
damaged tissues with considerable decrease in scar tissue formation and anomalies in skin color [17]. A 
significant activity of TiO2 NPs was reported on wound healing in the excision wound model in Albino rats by 
measuring wound closure, histopathology and protein profiling. In clinical practice TiO2 NPs have delivered a 
novel therapeutic route for wound treatment [19].  
 
         Phenytoin was found to promotes wound healing by stimulation of fibroblast proliferation, enhancing the 
formation of granulation tissue, decreasing collagenase activity, inhibition of glucocorticoid activity, direct or 
indirect antibacterial activity by affecting inflammatory cells, neovascularization [20, 21]. Phenytoin has wide 
antibacterial activity [20, 22].  
 
         The study amide to determine the effect of titanium dioxide nanorods (TiO2-NRs) biosynthesis in yeast on 
Angiogenesis of chicken embryo CAM and skin wound healing promoter rats as compared with Phenytoin as 
standard commercial drug.  
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MATERIAL AND METHODS 
 

Synthesis and Characterization of rutile TiO2-NRs:  
 
Synthesis of rutile TiO2-NRs: 
 

Materials used are Ticl3 (15% HCL), ethanol, D-glucose, yeast extract peptone, na2Hpo4, citric acid 
[23]. TiO2-NRs were synthesized by hydrolysis of TiCl3 in aqueous media mixed with Albumin egg shells. In 
typical synthesis, 1.5 gm of Albumin egg shells aqueous suspension at room temperature in 300 ml of milli- Q 
water ( 18M Ω )  then stirring for 15 min, then add 10 ml of TiCl3 (15% HCl) slowly with rate (1 drop per 2 
second) until color change from colorless to purple and stirring with 1500 rpm for 1 hour . and stand it for 6 
days at room temperature . The precipitation was collected by centrifugation method and wash with ultrapure 
water several times then with absolute ethanol until the supernatant become colorless after centrifugation, 
and dried at room temperature and calcination at 700 C0 for 90 minutes [5].  

 
Characterization of TiO2-NRs:  
 

The crystalline nature and grain size of TiO2-NRs was carried out by X- ray diffraction (XRD) pattern at 
25-280C with a D8 Advance X –ray diffractometer (Bruker – Germany) with a nickel (Ni) filtered using CuKα (λ= 
1.54184 A0) radiations as an X-ray source. A Fourier transform- infrared spectrum (FTIR) of sample is registered 
using Nicolet 6700 (Thermo scientific –USA). Morphology and size of TiO2 nanoparticle were examined by field 
emission transmission electron microscopy (FETEM, JSM- 2100F, JEOL Inc.) at an accelerating voltage of 15Kv 
and 200 Kv [24]. 

 
Specific pathogen free (SPF) fertile eggs:  
 

Sixty White Luhmann fertilized Specific pathogen free (SPF) chicken eggs were obtained from SPF 
farm Koum Oshem El-fayoum, Government, Egypt. SPF eggs were incubated in sterile incubator at 37 °C ± 0.3 
°C. SPF eggs were used for studying Angiogenesis effect of TiO2-NRs on chicken embryo chorioallantoic 
membrane (CAM). 

 
Inoculation of SPF embryos: 
 
        The used 4 days embryonated SPF chicken eggs surface were cleaned and sterilized using 70% alcohol 
and incubated in egg incubators at 37 °C ± 0.3 °C in a vertical position. On day 5, the egg shell was pierced with 
an 18 gauge needle and 200 μl of vehicle (negative control) the tested materials and incubated for further 6 
day.  
 
Photographing: 
 

CAMs images were taken on a white background by Sony Cybershot DSCW55 7.2 megapixels digital 
camera with 5× optical zoom, resolution of 640 × 480 pixels, with 50 × magnifications and Olympus dissection 
microscope with 50 × magnifications.  

 
Male albino rats: 
 
         A group of 60 male albino rats (200-250 g) was obtained from animal house and hygienically 
transferred to the laboratory. The animals was feed on commercial pellet diet , given deionized water ad 
libitum and kept in plastic cages in   20 ± 2 C,  50 -70 % relative humidity  and  12 h light/ dark cycle. After 2 
weeks acclimation, the rats were randomly divided into 4 equal groups; 15 rats each.  
 
Wound dressing: 
 

       Post-operative wound dressing Pharmafix® retaining gauze and absorbent pads with hypoallergenic 
lot no 31/08 produced by Pharmaplast Kafer El Zayat, Egypt.  
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Phenytoin spray (Standard drug): 
 
         Phenytoin 2 % aerosol powder Healosol® each 150 ml contain 40 mg Phenytoin base manufactured by 
Egyptian Company for Advanced Pharmaceutical, Cairo, Egypt. 
 
Angiogenesis effect of TiO2-NRs :  
 

The Angiogenesis effect of TiO2-NRs was carried out on chicken embryo CAM [25].  
 

Preparation and treatment of CAM: 
 
          Forty, 5 days old embryonated SPF chicken eggs were divided 0.2 ml solutions into 4 groups; 10 each. 
Embryos of groups 1-3 were inoculated with 10 µg/200 µl, 20 µg/200 µl TiO2-NRs in dimethyl sulphoxide 
(DMSO)] and 200 μl of vehicle (vehicle control); respectively.  Group 4 embryos were kept as non-injected 
(negative control). Injected embryos and controls were incubated and subjected for daily observation for 
mortalities. On day 12; 6/group were randomly selected and their CAMs were examined under 
stereomicroscope for collateral proliferation of blood vessels and photographed.    
 
Evaluating the vasoproliferative response by semiquantitative method: 
 

Graft procedure was adopted for semiquantitative evaluation of the vasoproliferative response of 
CAM vessels at regular intervals by using stereomicroscope. The score is 0 when no changes can be seen; it is + 
1 when few neovessels, and +2 when a considerable change in the number and distribution of the converging 
neovessels is observed [26].  

 
Invivo wound healing and angiogenesis: 
 
              The used 60 male albino rats were kept fasting overnight. The dorsal area of each rat was carefully 
shaved and the skin will disinfect with iodine. The injury was made with some up to 14 mm in diameter [27], 
following anesthesia with ketamine (dose 60 mg/kg b. wt.) [28]. Just after made of injury, animals were divided 
into 4 equal groups; 15 animals each.  First group was kept as negative non-treated control and Phenytoin was 
applied for the 2nd group. Wounds of 3rd and 4th group were treated by TiO2-NRs 10 µg/ 200 μl and 20 µg/200 
μl; respectively. Each group of rate was housed separately. Daily treatment by TiO2-NRs solution was applied 
to the wound bed, Phenytoin was sprayed to the wound bed, while the untreated control group the wound 
area was washed by a physiological solution.  Wound skin samplings (n =2) was conducted on days 0, 3, 5,7,10 
and 14, (during which the animals was sacrificed) and collected for analysis [29] and histological examination.  
 
Histological examination: 
 
a. The 12th day old (7th post inoculation) inoculated CAMs were collected from each group in Phosphate 
Buffered Saline (PBS) pH 7.4 solutions. The membranes tissues were fixed in 10% neutral buffered formalin.  
 
b. Skin samples were fixed in 10% formalin saline, trimmed off, washed and dehydrated in ascending grades of 
alcohol. The dehydrated specimens were then cleared in xylene, embedded in paraffin blocks and sectioned at 
4-6 µm thick.  
 
      The prepared tissue sections were deparaffinized using xylol and stained using hematoxylin and eosin 
(H&E) for histological examination through the electric light microscope [30].  Grading system used in 
assessing of wound angiogenesis [31].   
 

Score Histological feature 

0 It was given for acellular or rare endothelial cells. 

1 It reflected scattered endothelial cells in small groups or linear arrangements but 
without lumens. 

2 Represented endothelial cells in all quadrants of the section, prominent linear 
arrangements and some tube formation. 
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3 It was assigned for easily identified capillary tube formation, many containing red 
blood cells and tiny amounts of collagen. 

4 It was reserved for larger vessels that accommodated more than 4 red cells abreast 
and multilayered vessels containing layers of collagen in vessel walls. 

 
RESULTS AND DISCUSSION 

 
      Yeast was used biosynthesis of TiO2-NRs because of the ease of handling, rapid growth, abundant 
enzyme synthesis [32, 33] and practical storage in the laboratory [34].  Yeast biomasses are capable of 
producing metal nanoparticles and nanostructures through the reduction of proteins in enzymes either 
intracellularly or extracellularly [35].  
 
FTIR Spectroscopy: 
 
          A strong sharp peak at 703 cm-1 which indicates the presence of TiO2-NRs (Fig. 1), the peak at 3421 
cm-1 correspond to OH which is shrinked due to thermal treatment, whereas, the peaks at 2360 cm-1 and 
2338.6 cm-1 represent the C=H of Albumin egg shells. 
 

 
 

Fig (1). FTIR transmission of TiO2-NRs synthesized by yeast as biotemplate. 
 

X-ray Diffraction (XRD): 
 
           XRD is essential to characterize crystal structure and the crystallinity and confirmed TiO2 phase [36]. 
The XRD pattern of TiO2-NRs obtained after further thermal treatment under air at 700 C0

.  The XRD pattern of 
TiO2 nanoparticle shows six peaks at 27.4, 36.0, 41.244, 54.332 and 56.598 index to 110,101,111,211,220.It can 
be seen that the peaks only agree with Rutile phase according to standard (Rutile, JCPDS: 87-0920) [37]. 
Indicating the high purity and crystallinity obtained for TiO2 phases. The average crystal sizes of TiO2-NRs 
obtained after calcinations at 700 °C for 90 min confirmed its rod shape with 532 nm length and 244nm 
diameter. The average crystallite size (d) of TiO2-NRs was estimated by Scherer’s equation [36-38] 𝒅 = 𝒌𝝀 ⁄
𝜷  𝐜𝐨𝐬 𝜽 
 
     Where k = 0.9 is the shape factor, ß is the measured FWHM (Full Width at Half Maximum), θ is the 
Bragg angle of the peak, λ is the XRD wavelength. The average crystal size of the produced TiO2-NRs with 
calcination at 700 °C for 90 min was found to be 649 nm length and 246 nm diameter (Fig 2).   
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Fig. (2): XRD Pattern of Rutile TiO2-NRs synthesized by yeast as biotemplate. 
 
Morphologylogical studies of TiO2-NRs: 
 
       Transmission electron microscopy analyses were carried out to visualize and confirm the morphology, 
size and structure of the formed crystallites. TEM analysis of TiO2-NRs confirmed its rod shape with the 
dimensions of 244-246 nm length and 532-649 nm diameter, respectively (Fig 3). The obtained results are in 
agreement with that obtained from the Scherrer equation [36-38].  

 
 

Fig. (3): Transmission electron microscopy of TiO2-NRs synthesized by yeast as biotemplate. 
 
Angiogenesis effect :  
 

The Angiogenesis effect of TiO2-NRs was carried out on chicken embryo CAM [25]. Angiogenesis is 
defined as a double edged sword and of great importance in various pathological and physiological processes 
[39-42]. 
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Control (buffer) 10 µg/200 microliters 20 µg/200 microliters 

   

   
 

Fig (4):  Changes in morphology and histology of chicken embryo CAM treated with TiO2- NRs in a rate of 10 
µg/0.2ml, 20µg/0.2ml or 0.2ml buffer. 

 

Group Control TiO2 µg/200 µgl   

Conc. Buffer 10 20 

Stereomicroscopic Scoring 0 1 2 

Histopathological Ranking 0 ++ +++ 

 
Table (1): Scoring of CAM angiogenesis and histological findings. 

 
CAM angiogenesis and histological findings:  
 

Gross morphology by stereomicroscope and histological examination of control embryonic 
membranes revealed well defined clear blood vessels containing erythrocytes and appeared as thin branched 
tubes (Fig 4,1) and score 0  (Table1). Tissue section showed thin well-developed blood islands with vascular 
branches ranked (0). Gross morphological findings, TiO2-NRs using test solutions of angiogenesis at 10 µg/200 
microliters demonstrated vascular development in the chick embryo CAM had moderate effect on the 
formation of blood islands (Fig 4,2) and vascular branching (score 1) (Table1).  On other side, TiO2-NRs using 
test solutions of angiogenesis at 20 µg/200 microliters showed blood islands consisted of vascular systems in 
early embryonic life. CAM revealed considerable increase in the number (Fig 4, 3) and distribution of the more 
neovessels (score 2) (Table1) as compared with control group. The results prove the activity of TiO2-NRs on 
blood vessels [10,43,44,45]  and can explained by high surface energy and microrough surface etopography of 
Ti substrates promoted the synthesis of pro-angiogenic growth factors, which resulted in an advancement of 
the human aortic endothelial cells (EC) differentiation in vitro [46], improved neovascularization in vivo [47] 
and basic fibroblast growth factor (FGF-2) [48].  

 
In hematoxylin and eosin staining tissue sections of (CAM) showed histological findings of normal 

CAM (Fig 4, 4), new blood vessels with less vascular branching pattern ranked (++) in embryos inoculated with 
10  µg (Fig 4, 5) , while 20  µg showed well-developed neovascularization represented by numerous branching 
patterns of blood vessels. The shape of the main central vessel and distribution of its tree branch pattern ( 
primary and secondary vessels), crossing of blood vessels, like, sharp turns, bending of vessels, wavy 
distortions (Fig 4, 6)  and random arrangement ranked (+++) (Table1) [44]. Both the visual inspection and 
histological findings large number of matured blood vessels with highly branched capillary network were 
observed this view support the angiogenesis activity induced by nanoparticles [6, 45, 49-51]. 

 

4 

1 2 3 

5 6 
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Wound healing: 
 

    Wound healing animal models [52] have been developed in small mammals such as rats, mice, and 
rabbits are relatively inexpensive, require fewer resources, have multiple mutant models for delayed wound 
healing, and thus are easily obtainable. Furthermore, the wound healing process in small mammals is 
completed in 1- 2 weeks [53].   

 
Skin wound angiogenesis:  

 
Angiogenesis makes critical contribution throughout life with important role in successful 

regeneration and growth of new tissues [39-40]. Blood vessels provide growing cells and tissues with oxygen 
and nutrients necessary for survival [41-42]. Regarding angiogenesis in wound during the inflammation phase 
of wound healing (fig 5) the blood vessels increased in size and branching at the 3rd and 5th day post excision 
and treatment  (Fig 5,4-9) as compared with those of 0 times (Fig 5,1-3).  Wounds dressed by 20 µg showed 
prominent vessels and improved neovascularization [47] than 10 µg and Phenytoin spray [45].  

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig (5): skin wound angiogenesis of albino rate treated with TiO2-NRs in a rate of 10 µg/200 µl, 20µg/200 µl 

or Phenytoin spray at 0, 3 and 5 days post treatment. 
 
Wound morphology: 
 
          Original skin wound is shown in figs (5,1-3).  At the 3rd day skin wound  in animals of untreated, 

Phenytoin, 10µg/200 µl and 20µg/200 µl groups at the 3rd day showed thickening edematous and hotness of 
epidermis at its cut edges (Figs (5,3-6). At 7 days   wound gap was filled with necrotic tissues and 
inflammatory cell cells ((Fig 5, 10-12). At the 10th days after mature granulation tissues filling wound with 
shrinkage area to 70% of original area.(Fig 5,11-12), while by the 14th day wound area in Ti-O2-NRs were 
reduced to 10% (Fig 5, 16 and 17) while Phynatone group was 40%  (Fig 5, 18). This result indicated that 
dressing with Ti-O2-NRs accelerate healing of open excision type wounds in vivo [45, 54-56]. Also, 
Seisenbaeva et al. [57] found that TiO2 dispersion was the apparently improved regeneration of damaged 
tissues with appreciable decrease in scar formation and skin color anomalies.  
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Fig (6): Changes in skin wound morphology of albino rate treated with TiO2- NRs in a rate of  10 µg/200 µl, 

20µg/200 µl or Phenytoin spray at 0, 3 7,10 and 14 days post treatment 
 

Group No. Treatment  Score 

3  
days 

5 
days 

7 
 days 

10 
days 

14 
 days 

1-Control-ve Untreated 0 0 1 2 3 

2-Standard drug Phenytoin 1 2 2 3 3 

3-Treatment TiO2:µg/200 µl 0 1 2 2 3 

4-Treatment TiO2:µg/200 µl 1 2 3 3 4 

 
Table (2): scoring of wound angiogenesis. 
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Histology effect of treatment:  
 
        Skin sections of untreated, standard drug, 10µg/200 µl and 20µg/200 µl groups at the 3rd day showed 
that dermis near the excision was rich on inflammatory cells mainly polymorphonuclear cells. The number of 
fibroblasts absence or mild increased in the dermis near the wounded area. Animal groups of untreated and 
treated by 10µg/200 µl showed a cellular or rare endothelial cells (score 0) (Table 2, fig.6, 1 and 3). On the 
other side, the dermal layer displayed the beginning of neo-angiogenesis in Phenytoin or 10µg/200 µl groups 
(score 1) (Table 2, fig.6, 2 and 4). These finding indicate the start of healing presses. 
 
       All examined groups at the 5th day of treatment revealed fibrin net rich on inflammatory cells mainly 

neutrophils, macrophages and lymphocytes. The regeneration of the epidermis was completely inhibited. 
Mild proliferation and migration of fibroblasts and mild new collagen were observed. Animal control groups 
showed acellular or rare endothelial cells (Score 0) (Table 2, Fig.6, 5). On the other side, the dermal layer 
showed the beginning of neo-angiogenesis in standard drug and 20 µg/200 µl treated groups (Score 2) 
(Table 2) which characterized by prominent linear arrangements and some tube formation (Fig.6, 6 and 8). 
Animal group treated by 10 µg/200 µl showed scattered endothelial cells in small groups or linear 
arrangements but without lumens (Score 1) (Table 2, fig.6, 7).  These results pointed that treatment 
accelerate wound healing activity and TiO2-NPs are potent [54].  

 
      Seven days wound was filled with necrotic tissues and inflammatory cell cells mainly neutrophils in all 

animal groups. The epidermis regeneration was significantly inhibited. At the bottom of wounds newly created 
granulation tissue was observed. The granulation tissue consisted of fibroblasts, endothelial cells, and newly 
synthesized non-organized collagen.  

 
       The untreated group revealed scattered endothelial cells in small groups or linear arrangements 

without lumens (score 1) (Table 2, fig.6, 9). Groups treated with standard drug, and 10 µg/200 µl) showed 
endothelial cells in all quadrants of the section, prominent linear arrangements and some tube formation  
(score 2) (Fig.6, 10 and 11). Endothelial cells proliferation are accompanied by new vessels number. It was 
assigned for easily identified capillary tube formation, many containing red blood cells and tiny amounts of 
collagen especially in animals treated by 20 µg/200 µl (score 3) (Table 2, fig.12).  

 

Day Untreated Stander drug 20 µg g/200 µl G10 µg g/200 µl 

3 Days 
 
 

    

Score: 0 Score: 1 Score: 0 Score: 1 

5 Days 

   

 

Score: 0 Score: 2 Score: 1 Score: 2 

1 2 3 4 

5 6 7 8 
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Fig. (7): Histological findings after treatment of wounds with Tio2-NRs. 

 
        
At the 10th days after wound induction, mature granulation tissues with polymorphonuclear cells 

infiltration. Animals of untreated group and treated those by 10 µg/200 µl revealed endothelial cells in all 
quadrants of the section, prominent linear arrangements and some tube formation (score 2) (Table 2, Fig. 13 
and 15). On other hand, animal groups treated Phenytoin, and 20 µg/200 µl) showed capillary tube formation, 
many containing red blood cells and tiny amounts of collagen (score 3) (Table 2, fig.14and 16). By 14 days after 
wound induction, tissue macrophages predominant from the inflammatory cell’s population. The number of 
fibroblasts and endothelial cells in the granulation tissue decreased and increase of collagen fibers. In case of  
untreated, Phenytoin and 10 µg/200 µl  animals group showed capillary tubes formation which contained red 
blood cells score (3) (Table 2, fig.6, 17-19). While animals group treated by drug 20 µg/200 µl showed larger 
vessels that accommodated more than 4 red cells abreast and multilayered vessels containing layers of 
collagen in vessel walls (score 4) (Fig.20). These histological finding as formation of healthy granulation tissue 
and re-epithelization indicated the healing progression in treated group [58]. BC–TiO2 nanocomposite 
treatment promotes appropriate healing through the fibroblast migration and proper development of 
epithelial cells along with the restoration of blood supply through the formation of new blood vessels [58].The 
wound healing activity of TiO2-NPs engineered from a plant Origanum vulgare has also been reported in 
Wistar Albino rats [19].  The biocompatibility and anticoagulant properties of TiO2-NPs make them an 
excellent candidate for wound healing as observed in in vitro and in vivo studies [59]. The results of TiO2-
based scaffolds revealed the accelerated adhesion, proliferation and differentiation of osteoblasts, and in 
growth of vascular tissues [59].  

 
  The most important result in applying the TiO2 dispersion was the apparently improved regeneration 

of damaged tissues, quicker reduction of wound area with appreciable decrease in scar formation and skin 
color anomalies [17]. The effect of TiO2 in wound healing can be attributed to its antibacterial activity to 
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suppress bacteria growth beneath the dressing [60-62], complement activation ability of TiO2 was reported 
[64-65], the photocatalytic effect for production of reactive oxygen species to target bacteria in wound 
infections [66,67].  

 
The obtained results demonstrated that titanium dioxide reduced the time require for wound healing 

indicated by the faster contraction of the wound treated licorice extract in comparison. With untreated ones 
.the healing with different concentrations of titanium dioxide extract was significantly higher than untreated 
group from the second day of treatment until the complete closure of wound. Again titanium dioxide extract 
was more potent than standard healing agent. Although numerous studies have been done regarding the 
pharmacological properties of titanium dioxide.  

 
CONCLUSION 

 
It can be concluded that the wound dressing with TiO2-NRs showed promoting effect on wound healing. 

It is advisable to be used with other medications to cut short the time of wound healing and further 
investigation has to be done to clarify the exact mechanism of TiO2-NRs promotes wound healing. 
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