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ABSTRACT 
INTRODUCTION: proper management of furcation involvements has always been a demanding issue in periodontal therapy. 
Herbal medicine is nowadays proposed to provide novel alternative approaches for restoring defective bone. A Chinese herb known 
as Angelica sinensis (As) has various pharmacological effects as it promotes proliferation and differentiation of osteoblasts   
OBJECTIVES: The aim of this study was to evaluate the effectiveness of Angelica sinensis in conjunction with β-tricalcium 
phosphate in the management of class II furcation defects in dogs 
MATERIALS AND METHODS: This randomized study was carried on 6 clinically healthy mongrel dogs. 24 grade II critical-
sized furcation defects were surgically created in the mandibular third and fourth premolars. 12 defects were filled with Beta-
tricalcium phosphate (β-TCP) bone graft only (control group). While in the other 12 defects β-TCP was mixed with Angelica 
sinensis powder (experimental group). The defects were covered by collagen membrane, The dogs were sacrificed at 4 and 8 weeks 
postoperative. 
RESULTS: The histological analysis has revealed better regenerative features regarding alveolar bone, periodontal ligament and 
cementum in the experimental groups when compared to control groups. 
CONCLUSIONS: Angelica sinensis herb could enhance the periodontal regenerative potential of β-TCP bone graft. 
KEYWORDS: Angelica sinensis, bone graft, furcation, β-TCP  
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INTRODUCTION 
Periodontal diseases are defined as multifactorial, 
polymicrobial infections involving the destruction of 
tooth-supporting tissues including alveolar bone, 
periodontal ligament and cementum(1). 

Progression of periodontitis leads to furcation 
involvement which is the pathologic resorption of the 
supporting alveolar bone. Despite the fact that teeth 
with furcation involvement can be kept long under the 
proper maintenance care, the treatment of furcation 
involvement has always been a clinical challenge since 
the anatomy of the furcation area always complicates 
the ability for proper hygiene and  surgical operation 
(2). 

Various modalities for class II furcation 
defects such as scaling and root planing and systemic 
or local antimicrobial have been used together with 
surgical periodontal therapy(2, 3) . Laser therapy and 
photodynamic therapy have also been utilized(3). 

Surgical procedures, however, included surgical open 
flap debridement, regenerative therapy, root resection 
and hemisection(2, 4) . 

Guided tissue regeneration (GTR) allows 
selective progenitor cells to fill the defect site and 
prevent the in-growth of gingival epithelium and the 
connective tissue cells (5, 6). Recent developments 
showed that alloplast bone graft  and bioresorbable 
GTR barrier membranes have adequate biologic 
response and handling properties(7) 

β-tricalcium phosphate (β-TCP) is an 
alloplast with a porous structure. This structure 
provides the desired biologic properties, i.e., 
osteoconductivity and total resorbability. It releases 
calcium and phosphate ions resulting in new bone 
formation(8). 

Collagen membranes are formed of fibers 
which give them structural elasticity throughout the 
crystalline stage of bone regeneration. These 
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properties guarantee good tissue integration and 
adequate wound healing. The collagen micro-
architecture and cross-links outline its structural 
durability, stiffness and degradation time(9). 

The American Academy of periodontology 
workshop on furcation treatment has highlighted that 
the Future research efforts should be mainly 
approached to clinical trials that test novel  regenerative 
approaches that emphasizes on histologic 
demonstration of periodontal regeneration(2) . 

The root of Angelica sinensis (Oliv.) Diels 
has been utilized for many  years in traditional Chinese, 
Korean, and Japanese medicine(10). The whole root is 
brown in color and cylindrical in shape with many 
branch from its lower end (11). 

The active constituents of A. sinensis roots 
which are responsible for their bioactivities include 
polysaccharides, organic acids and phthalides. Ferulic 
acid and Z-ligustilide (11-13) . In vitro and vivo 
studies of A.sinensis showed  variety of 
pharmacological activities, including protection of the 
heart, enhancement of immune function, anti-
arrhythmic, anti-atherosclerotic, and prevention of 
myocardial infarction events by inhibition of smooth 
muscle inflammation and platelet aggregation.(11, 14, 
15) .It also shows anti-inflammatory, anti-cancer, 
immunomodulatory, neuroprotective, anti-oxidative, 
anti-hepatotoxic and renoprotective activities (16) 

Several studies have shown that Angelica 
sinensis has both osteogenic and angiogenic effects 
resulting in an increase bone formation and promotion 
of fracture healing (10, 17). Angelica polysaccharide 
has been reported to induce proliferation and 
osteoblast differentiation of mesenchymal stem 
cells(18, 19). Based on these recent researches, the 
present study attempted to further evaluate the 
potential of Angelica Sinensis herb to promote 
periodontal regeneration in surgically induced critical-
size Class II furcation defects in dogs. 

The null hypothesis proposed that there is no 
significant difference between the furcation defects 
managed with or without Angelica sinensis. 
 
MATERIAL AND METHOD 
Material 
Study animals  
The experimental protocol was given the approval 
from The Animal Research Committee of Alexandria 
University (IRBNO:00010556‐IORG0008839). 
Inclusion criteria: Systemically healthy dogs, 15-
20months old and weighing between 14- 20 Kg. 
Exclusion criteria: dogs with any systemic diseases or 
detectable injuries. 
Study design 

 A randomized study was carried on 6 dogs with the 
defects created at the mandibular third and fourth 
premolars (P3, P4)  
 Gpower version 3.1.9.2 was used to estimate the 
sample size. Considering significance level of  
95%(α=0.05), the minimum required sample size is 
found to be 6 defects per group (number of groups 4) 
(Total sample size =24 defects).  
Grafting materials 
1- Bone grafting material (Medbone Biomaterials 
Sintra, Portugal). 
Adbone ® TCP (500-1000 µm 0.5g) β-tricalcium 
phosphate (β-TCP) alloplast  
 2– Collagen membrane 
 Hypro-Sorb® Collagen Membrane (30x40x0.2mm) 
Type I Atelo -collagen from the bovine Achilles 
tendon (Bioimplom GmbH, Giessen, Germany) 
Angelica sinensis (Active Herb company, Suite E, San 
Diego) 

Dong Quai, Chinese Angelica Sinensis 
Extract which is certified by Chinese GMP and 
enforced by FDA with ferulic acid as the active 
ingredient.  
Methods 
Surgical procedures  
The animals were given sodium thiopental intravenous 
injection (Sandoz GmbH Biochemistries, Ostrich, 
Austria) (13 mg/kg) for general anesthesia. 1:100,000 
epinephrine and 2% lidocaine HCL (Novocol 
Pharmaceutical of Canada, Inc. Cambridge, Ontario, 
Canada) were locally infiltrated at the surgical sites 
using metal dental syringe. Opposite to the lower third 
(P3) and fourth (P4) premolars sulcular incision was 
carried out to expose the furcation area. Buccal 
mucoperiosteal flaps were then fully reflected. Grade II 
furcation defects of 4 x 5 mm dimensions measured by 
Williams Periodontal Probe were created under 
copious irrigation using carbide bur in P3 and P4 of 
each dog(20-22). At the apical border of each defect 
two reference notches were drilled on the mesial and 
distal root surfaces at the base of each defect(23).this is 
essential for the future histological examination. 
Universal curette was used for root planning followed 
by Ethylenediaminetetraacetic Acid (META BIOMED 
CO, LTD, Korea) for 15 seconds for root conditioning. 
12 of the created defects were filled with β‐TCP alone 
and the other 12 created defects were filled with equal 
scopes of As granules mixed with β‐TCP in the ratio 
of 1:1. Collagen membranes were trimmed to extend 
2-3 mm at each side of the defect. They were then 
placed over the filled defects.  Since the collagen 
membranes were properly adapted on bone and root 
surfaces, there was no need for suturing the 
membranes. Coronal repositioning of the flap over the 
grafted sites. Simple interrupted suturing using 3-zero 
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silk sutures (Johnson & Johnson, NJ) ensured 
complete defect closure 
Postoperative care  
In the first day, Antibiotic of intramuscular injection of 
ampicillin (1 g) and Ibuprofen non steroid anti-
inflammatory 600 mg (Brufen 600 mg Abbot, 
Germany). For the next 7 days, the dogs were given the  
same antibiotic and the anti-inflammatory drugs but 
mixed with their food. Suture removal was carried out 
after 12 days. During the two observational periods, 
the animals were kept in collective kennels, one per 
kennel, proper ventilation and light/dark cycle 
(12/12h) was maintained. The animals were routinely 
checked for weight loss, gingival and soft tissue 
inflammation.  
Animal euthanasia  
Intravenous thiopental sodium was used for 
euthanasia. After 4 weeks, three dogs were euthanized 
and after 8 weeks, the other three dogs were 
euthanized. 
Histological procedure 
Euthanasia was followed by dissection of the 
mandibles which were then fixed in 10٪ neutral 
buffered formalin. Running water was then used for 
complete rinsing of the dissected specimens. Several 
baths of 5% trichloroacetic acid were used to decalcify 
the specimens. During a period of 3 weeks the acid was 
changed every 3 days. After complete decalcification, 
all acid traces were washed oy by running water for a 
period of 12 hours. Ascending concentration of ethyl 
alcohol (50%,70%,90%) has gradually dehydrated the 
specimens. The specimens were passed from alcohol 
through two changes of xylene. The specimens were 
then infiltrated with paraffin into a constant 
temperature furnace regulated to about 60 degrees 
Celsius It is essential that this step lasts for 12-24 hours 
for complete infiltration of the specimens by paraffin. 
The specimens were then embedded in paraffin waxed 
blocks for mesio-distal sectioning. Serial sections of  5 
microns thickness mesiodistal were sliced using 
rotatory microtome. The sections were placed on clean 
glass slides coated with albumin adhesive layer. The 
slides were placed in 60-degree Celsius constant 
temperature furnace to ensure adherence of sections to 
the slides. Hematoxylin and Eosin (H&E) and Gomori 
trichrome were used to stain the sections which were 
then investigated under light microscope(24, 25). 

Concealment of group allocation from the 
researcher preforming the histological examination 
ensured a single-blind study and made the results of 
the study less likely to be biased. 
Histomorphometric quantitative analysis 
Image J 1.46 r software (26) was used to measure the 
height of newly formed bone in the furcation region on 
the histological specimens. 

 To get quantitative measures from each block, four 
slides of tissue from different depths were selected. 
Using the same magnification power, one photograph 
from each slide showing the furcation region, parts of 
PDL and parts of the adjacent two roots were taken. 
The best photograph was then used for quantification 
in the software.    

 On each photograph, a line connecting the 
created notches on the mesial and distal roots were 
drawn. A second line was then made from the most 
coronal part of the furcation till the first drawn line. 
From set scale at analyze, the readings were changed 
from pixel to millimeters at scale of 5 mm. A third 
straight line connecting the most coronal end of the 
newly formed bone to the first line of the notches was 
then drawn. This line represented the length of formed 
bone.      
Statistical analysis 
Measurements quantified from the histomorphometric 
analysis were analyzed by mean and standard 
deviation. The level of Significance of the results was 
adopted at the 5% level 
 
RESULTS 
1.Histological results 
First observation period (4 weeks) 
Experimental group  
Small rod-shaped bone trabeculae extended from the 
side of the regenerating bone at the periphery of the 
defect. Union between the different segments of the 
forming bone was traced. An important finding in this 
group was the profound blood supply and proliferating 
blood vessel in the different regions of the defect 
(Figures 2A&B). Here a striking relation was noted 
between the proliferating blood vessels, β-TCP, As and 
the formed bone. β-TCP particles formed a network 
enclosing the other three components and outlined by 
thin ribbons of newly forming bone (Figure 2C). 
Another observation was the extension of bone 
formation to occupy the notch regions made on the root 
surfaces, (Figures 2D&E). Also, bone formation was 
traced extending from the native bone at the base of the 
defect towards its coronal boundaries, (Figure 2F). 
Control group   
Limited amount of forming bone was traced at the 
defect base and constituted irregular trabeculae 
originating from the defect base and traversing 
coronally (Figure 3A). 

Adjacent to the regenerating cementum 
irregularly organized cementoblasts were seen 
adjacent to the forming cementum and close to the 
randomly distributed fibroblasts of the forming PDL. 
Also, small osteoblast cells appeared arranged on the 
periphery of the forming trabeculae, (Figures 3 B&C)      
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In sections of this group, no evidence of bone 
formation was noted at the notch depressions on the 
roots bordering the lateral sides of the defects 
Second observation period (8 weeks) 
Experimental group  

 An evidence of osteon formation was noted 
in the mass of the forming bone reflecting start of 
compact bone transformation, (Figures 4A&B). 
Remodeling lines were also seen near the base of the 
defect where they separated the different segments 
forming the trabeculae, (Figure 4C). 
In this group, the density of the bone formed in the root 
notches appeared greater than that formed in the 
former groups, (Figure 4D). The fibers of the 
regenerating PDL appeared highly organized and 
arranged in dense groups and traversed by many blood 
vessels from the adjacent regenerating alveolar bone 
through Volkmann’s canals, (Figure 4E). 
Control group 
At the defect base, bone trabeculae of moderate 
thickness could be traced projecting and traversing 
towards the defect center and enclosing few figures of 
β-TCP particles, (Figure 5A). 

At higher magnification osteoblasts cells 
were seen mapping the forming bone trabeculae. They 
were slightly apart from each other and their size was 
not comparable to that of osteoblasts of the 8 weeks 
experimental group, (Figure 5B). 

 Towards cementum, Remodeling features 
were noticed among the PDL fibers. Cementum 
reformation was also noted, (Figure 5C). 
2.Histomorphometric analysis 
4 weeks postoperatively, the height of interradicular 
bone in the furcation defects managed with β-TCP and 
As were 3.0±0.09mm. The defects filled with β-TCP 
only showed lower results of 2.5±0.15mm with 
statistical difference between them (p 0.001). 8 weeks 
postoperatively the bone height of the test group was 
3.6±0.11mm which was also greater than the control 
group of 3.0±0.25mm with statistically significant 
difference of 0.0001(Table 1) 

 
Figure1: (A) After sulcular incision, reflection of full 
thickness mucoperiosteal flap (B) the appearance of 
the surgically created critical sized defects of P3 and 
P4. (C) Placement of β-tricalcium phosphate in the 
created defect of lower right P3 (control group) and As 
and β-tricalcium phosphate in the created defect of 
lower right P4 (experimental group) (D) Application 
of collagen membrane over the grafted defects 

 
Figure 2: A&B) showing formation of thin trabecular 
bone in the central regions of this specimen projecting 
towards the center of the defect. B shows higher 
magnification of the boxed area in A revealing the 
formed thin trabeculae and their union with the bone 
formed at the defect periphery (black arrows). H&E 
stain, A:X40, B:X 100. C) showing profound blood 
supply among the forming trabeculae (bv) an intimate 
relation between βTCP, Angelica patches (An), the 
proliferating blood vessels and the regenerating bone. 
H&E stain 100 D&E) showing extension of new bone 
formation in the root notches at the lower boundary of 
the defect. B is higher magnification of the boxed area 
in A. Note the network of βTCP, Angelica (An) and 
proliferating blood vessels (bv). H&E stain, D:X40, 
E:X 100 F) showing the line of union between the 
regenerating bone and that of the defect base (black 
arrows). H&E stain, X 100 
 

 
Figure 3 A) showing the limited amount of thin 
irregular trabeculae emerging from the native bone at 
the defect base and enclosing particles of βTCP.  The 
arrows show the union line between both. H&E stain, 
X100. B) shows irregularly organized cementoblasts 
towards the newly forming cementum (thin black 
arrows) and facing disorganized PDL fibers and 
fibroblasts. C) shows small osteoblast cells adjacent to 
the regenerating trabeculae (thick black arrows), 
B&C:H&E stain, X400 
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Figure 4 A&B) shows formation of dense 
regenerating bone in most of the defect regions 
extending from the bifurcation till the base B: 
shows higher magnification of the boxed area in 
A revealing osteon formation in the dense 
regenerating bone (black arrows) H&E stain, 
A:X40, B:X 100. C) showing remodeling of the 
bone formed at the defect base and the line of their 
union (black arrows). H&E stain, X: 100 D&E) 
showing greater density of forming bone at the 
notch region on the root limiting the end of the 
defect. E: is higher magnification of the boxed 
area in D revealing the perfect organization of 
trabecular bone in this area H&E stain, D:X:40, 
E:X 100 F) showing highly organized PDL fibers 
arranged in dense groups and traversed by many 
large blood vessels (bv) from the adjacent 
regenerating alveolar bone through Volkmann’s 
canals (circle) H&E stain, X 100 
 

 
Figure 5 A) showing the union between the 
regenerating bone trabeculae at the defect base with 
the native bone (black arrows). Few particles of βTCP 
are seen among some of the trabeculae. H&E stain, X 
100 B) moderate sized osteoblast cells bordering the 
regenerating trabeculae. They are slightly separated 
from each other and do not form a continuous line on 
these trabeculae, H&E stain, X 400 C) showing 
slightly flattened cementoblasts (black arrows) 
differentiating adjacent to the border of the forming 
cementum The fibers of the forming PDL exhibit 
remodeling features with thickness variation and 
specific directivity towards cementum surface (white 
arrows). Trichrome stain, X: 400 
 

Table (1): Comparison between the two studied 
groups according to the height of newly formed bone 
in furcation region 

Height of the 
newly formed 

furcation region 
in mm 

 
 

(mean ±SD) 

 
 

P value 

4 weeks  
Control group 2.5±0.15  

0.001 Test group 3.0±0.09 
8 weeks  

Control group 3.0±0.25  
0.0001 Test group 3.6±0.11 

DISCUSSION 
Periodontitis causes tissue destruction that gradually 
extends to furcation space resulting in bone loss. In 
periodontal therapy, furcation management is always 
considered a demanding task as the peculiar anatomy 
of the junction often makes it difficult to completely 
remove the local factors in the interradicular area(27, 
28). 

The limitation of the currently used bone 
grafts has necessitate the need to find substitute 
products. Donor site morbidity of autogenous grafts 
and the risk of disease transfer of allografts and 
xenografts are among the restrictions associated with 
different grafting materials(29, 30). Also, the 
exhaustive processing procedures such as 
lyophilization, freeze drying and sintering were found 
to adversely affect the structural integrity and 
osteogenic properties of several bone grafts(31, 32). 
These many drawbacks have resulted in ongoing 
search for alternative products in bone grafting 
procedures 

Herbal medicine provides a cost-effective as 
well as a natural mode of management to many chronic 
diseases and has proven to have the potential of tissue 
regeneration. Angelica sinensis is regarded as one of 
the herbs that shows osteogenic regenerative effect. 
This experiment investigates the regenerative potential 
of As in conjunction with an osteoconductive bone 
grafting material. The histological analysis at both 
observational periods has revealed higher bone 
formation in the experimental groups with greater bone 
density in the root notches compared to the control 
groups. This high osteogenic potential was explained 
by several mechanisms in many studies. 

Wang D et al.(33)explained how Angelica 
sinensis ligustilide component may be used for 
preventing and treating abnormal bone resorption. It 
suppresses the formation and activity of osteoclast 
cells via the inhibition of receptor activator of nuclear 
factor‐κB (RANK) expression and downregulation of 
the messenger RNA (mRNA) expression of osteoclast‐
specific genes. This was supported by another research 
that also showed that ligustilide stimulated osteoblast 
differentiation(34). 
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Other studies has showed that As can enhance 
bone formation and promote fracture healing(35).This 
is due to its both osteogenic and angiogenic properties, 
through stimulation of  substances such as vascular 
endothelial growth factor (17).In addition , Angelica 
sinensis polysaccharide has reported to activate 
specific signaling pathway resulting in differentiation 
of rat bone marrow mesenchymal stem cells and 
promotion of  bone regeneration (18). 

The placement of As in a herbal formula 
compositions on ligature-induced periodontitis has 
shown analeptic effects on the periodontal destruction 
through inhibiting alveolar bone resorption .It 
decreased the osteoclastogenesis and promoted bone 
and periodontal regeneration(36).. 

The height of newly formed bone in Angelica 
Sinensis group in the furcation region were 3.0±0.09 
and3.6±0.11mm 4weeks and 8 weeks respectively 
which was in accordance to Zohery et al. (23) who 
investigated the use Egyptian propolis. After the 4 
weeks observation period, the bone height for 
Egyptian propolis and nanohydroxyapatite groups 
were 3.89 to 4.68 and 3.91 to 4.42 respectively. 
Comparable results were also reported in another study 
which involved the effect of plasma-rich plasma and 
bioactive glass in management of class II furcation 
defects(37). The height of interradicular bone after 45 
days for the control group involving bioactive glass 
only and for the test group where plasma-rich plasma 
was added were 3.68 and 4.60 respectively.    
From all the above information, A. sinensis can be 
safely utilized in conjunction with bone graft 
materials. However, further studies are still 
recommended to evaluate its use in other periodontal 
defects and to understand the mechanism behind its 
regenerative potential.  
 
CONCLUSION 
Angelica sinensis is a biocompatible herb exhibiting 
no adverse or allergic effect. Confirmed by the 
histological evaluation, Angelica sinensis possesses 
high periodontal tissue regeneration potential as it 
stimulates bone, cementum and PDL regeneration. Out 
of the promising results Angelica sinensis has shown, 
it is expected to be well established in the field of 
guided tissue regeneration. 
CONFLICT OF INTEREST  
No conflict of interest. 
FUNDING: 
Self-funding 
 
REFERENCES 

1. How KY, Song KP, Chan KG. Porphyromonas 
gingivalis: An Overview of Periodontopathic 

Pathogen below the Gum Line. Frontiers in 
microbiology. 2016;7:53-. 

2. Avila-Ortiz G, De Buitrago JG, Reddy MS. 
Periodontal regeneration - furcation defects: a 
systematic review from the AAP Regeneration 
Workshop. J Periodontol. 2015;86(2 Suppl):S108-
30. 

3. Masaeli R, Zandsalimi K, Lotfi Z, Tayebi L. Using 
Enamel Matrix Derivative to Improve Treatment 
Efficacy in Periodontal Furcation Defects. J 
Prosthodont. 2018;27(8):733-6. 

4. Graziani F, Gennai S, Karapetsa D, Rosini S, Filice 
N, Gabriele M, et al. Clinical performance of access 
flap in the treatment of class II furcation defects. A 
systematic review and meta-analysis of randomized 
clinical trials. J Clin Periodontol. 2015;42(2):169-81. 

5. Kannan AL, Bose BB, Muthu J, Perumalsamy R, 
Pushparajan S, Namasivayam A. Efficacy of 
combination therapy using anorganic bovine bone 
graft with resorbable GTR membrane vs. open flap 
debridement alone in the management of grade II 
furcation defects in mandibular molars - A 
comparative study. J Int Soc Prev Community 
Dent. 2014;4(Suppl 1):S38-43. 

6. Salamanca E, Tsai CY, Pan YH, Lin YT, Huang 
HM, Teng NC, et al. In Vitro and In Vivo Study of 
a Novel Porcine Collagen Membrane for Guided 
Bone Regeneration. Materials (Basel). 2016;9(11). 

7. Kini V, Nayak DG, Uppoor AS. A Clinical 
Evaluation of Biphasic Calcium Phosphate 
Alloplast with and without a Flowable 
Bioabsorbable Guided Tissue Regeneration Barrier 
in the Treatment of Mandibular Molar Class II 
Furcation Defects. J Contemp Dent Pract. 
2016;17(2):143-8. 

8. Saini N, Sikri P, Gupta H. Evaluation of the relative 
efficacy of autologous platelet-rich plasma in 
combination with β-tricalcium phosphate alloplast 
versus an alloplast alone in the treatment of human 
periodontal infrabony defects: a clinical and 
radiological study. Indian J Dent Res. 
2011;22(1):107-15. 

9. Behfarnia P, Khorasani MM, Birang R, Abbas FM. 
Histological and histomorphometric analysis of 
animal experimental dehiscence defect treated with 
three bio absorbable GTR collagen membrane. 
Dent Res J (Isfahan). 2012;9(5):574-81. 

10. Wang K, Wu J, Xu J, Gu S, Li Q, Cao P, et al. 
Correction of Anemia in Chronic Kidney Disease 
With Angelica sinensis Polysaccharide via 
Restoring EPO Production and Improving Iron 
Availability. Front Pharmacol. 2018;9:803. 

11. Wei W-L, Zeng R, Gu C-M, Qu Y, Huang L-F. 
Angelica sinensis in China-A review of botanical 
profile, ethnopharmacology, phytochemistry and 



Eldeeb et al.                                                                            management of grade II furcation defect by Angelica sinensis. 

 

Alexandria Dental Journal Volume 48 Issue 3 Section A                  68 

chemical analysis. Journal of Ethnopharmacology. 
2016;190:116-41. 

12. Shao M, Qu K, Liu K, Zhang Y, Zhang L, Lian Z, 
et al. Effects of Ligustilide on Lipopolysaccharide-
Induced Endotoxic Shock in Rabbits. Planta Med. 
2011;77(08):809-16. 

13. Kan WLT, Cho CH, Rudd JA, Lin G. Study of the 
anti-proliferative effects and synergy of phthalides 
from Angelica sinensis on colon cancer cells. 
Journal of Ethnopharmacology. 2008;120(1):36-
43. 

14. Yao J, Hu R, Wang C, Yang Y. MULTISCALE 
PORE STRUCTURE ANALYSIS IN 
CARBONATE ROCKS. 2015;13(1):1-9. 

15. Zhou W-J, Wang S, Hu Z, Zhou Z-Y, Song C-J. 
Angelica sinensis polysaccharides promotes 
apoptosis in human breast cancer cells via CREB-
regulated caspase-3 activation. Biochemical and 
Biophysical Research Communications. 
2015;467(3):562-9. 

16. Chao WW, Lin BF. Bioactivities of major 
constituents isolated from Angelica sinensis 
(Danggui). Chin Med. 2011;6:29. 

17. Yang Y, Chin A, Zhang L, Lu J, Wong RWK. The 
Role of Traditional Chinese Medicines in 
Osteogenesis and Angiogenesis. Phytotherapy 
Research. 2014;28(1):1-8. 

18. Liao F, Liu Y, Liu HH, Hu J, Zhao S, Yang SM. 
[Effect of Angelica sinensis polysaccharide on the 
osteogenic differentiation of bone marrow 
mesenchymal stem cells of rats with high glucose 
levels]. Hua Xi Kou Qiang Yi Xue Za Zhi. 
2019;37(2):193-9. 

19. Xie X, Liu M, Meng Q. Angelica polysaccharide 
promotes proliferation and osteoblast differentiation 
of mesenchymal stem cells by regulation of long 
non-coding RNA H19: An animal study. Bone Joint 
Res. 2019;8(7):323-32. 

20. Fernandes J, Silva E, Rego R, De Molon R, Zandim-
Barcelos D, Spolidorio L, et al. Effect of platelet-rich 
plasma on healing of class III furcation defects 
treated with autogenous bone grafting and guided 
tissue regeneration: a histomorphometric study in 
dogs. Revista de odontologia da UNESP / 
Universidade Estadual Paulista (UNESP). 
2011;40:310-6. 

21. Struillou X, Boutigny H, Badran Z, Fellah B, 
Gauthier O, Sourice S, et al. Treatment of 
periodontal defects in dogs using an injectable 
composite hydrogel/biphasic calcium phosphate. 
Journal of materials science Materials in medicine. 
2011;22:1707-17. 

22. Suaid FF, Carvalho MD, Ambrosano GMB, Nociti 
FH, Jr., Casati MZ, Sallum EA. Platelet-rich plasma 
in the treatment of Class II furcation defects: a 

histometrical study in dogs. Journal of applied oral 
science : revista FOB. 2012;20(2):162-9. 

23. Zohery AA, Meshri SM, Madi MI, Abd El Rehim 
SS, Nour ZM. Egyptian propolis compared to 
nanohydroxyapatite graft in the treatment of Class II 
furcation defects in dogs. Journal of Periodontology. 
2018;89(11):1340-50. 

24. Carleton HM. Carleton's Histological technique. 
Drury RAB, Wallington EA, editors. Oxford ; New 
York: Oxford University Press; 1980. 

25. GoMori G. A Rapid One-Step Trichrome Stain*. 
American Journal of Clinical Pathology. 
1950;20(7_ts):661-4. 

26. Nanes BA. Slide Set: Reproducible image analysis 
and batch processing with ImageJ. Biotechniques. 
2015;59(5):269-78. 

27. Pradeep AR, Priyanka N, Kalra N, Naik SB, Singh 
SP, Martande S. Clinical efficacy of subgingivally 
delivered 1.2-mg simvastatin in the treatment of 
individuals with Class II furcation defects: a 
randomized controlled clinical trial. J Periodontol. 
2012;83(12):1472-9. 

28. Porciúncula HF, da Porciúncula MM, Zuza EP, de 
Toledo BE. Biometric analysis of the maxillary 
permanent molar teeth and its relation to furcation 
involvement. Braz Oral Res. 2004;18(3):187-91. 

29. Dimitriou R, Mataliotakis GI, Angoules AG, 
Kanakaris NK, Giannoudis PV. Complications 
following autologous bone graft harvesting from 
the iliac crest and using the RIA: a systematic 
review. Injury. 2011;42 Suppl 2:S3-15. 

30. Damien CJ, Parsons JR. Bone graft and bone graft 
substitutes: a review of current technology and 
applications. J Appl Biomater. 1991;2(3):187-208. 

31. Götz W, Gerber T, Michel B, Lossdörfer S, Henkel 
KO, Heinemann F. Immunohistochemical 
characterization of nanocrystalline hydroxyapatite 
silica gel (NanoBone(r)) osteogenesis: a study on 
biopsies from human jaws. Clin Oral Implants Res. 
2008;19(10):1016-26. 

32. Cornu O, Banse X, Docquier PL, Luyckx S, 
Delloye C. Effect of freeze-drying and gamma 
irradiation on the mechanical properties of human 
cancellous bone. J Orthop Res. 2000;18(3):426-31. 

33. Wang D, Li J, Feng W, Yao J, Ou L, Liao S, et al. 
Ligustilide suppresses RANKL-induced 
osteoclastogenesis and bone resorption via 
inhibition of RANK expression. J Cell Biochem. 
2019;120(11):18667-77. 

34. Yang F, Lin ZW, Huang TY, Chen TT, Cui J, Li 
MY, et al. Ligustilide, a major bioactive 
component of Angelica sinensis, promotes bone 
formation via the GPR30/EGFR pathway. Sci Rep. 
2019;9(1):6991. 

35. Xie G, Peng W, Li P, Xia Z, Zhong Y, He F, et al. 
A Network Pharmacology Analysis to Explore the 



Eldeeb et al.                                                                            management of grade II furcation defect by Angelica sinensis. 

 

Alexandria Dental Journal Volume 48 Issue 3 Section A                  69 

Effect of Astragali Radix-Radix Angelica Sinensis 
on Traumatic Brain Injury. Biomed Res Int. 
2018;2018:3951783. 

36. Kim MH, Choi YY, Lee HJ, Lee H, Park JC, Yang 
WM. Topical application of herbal formula for the 
treatment of ligature-induced periodontitis. J 
Periodontal Implant Sci. 2015;45(4):145-51. 

37. Suaid FF, Carvalho MD, Ambrosano GM, Nociti 
FH, Jr., Casati MZ, Sallum EA. Platelet-rich 
plasma in the treatment of Class II furcation 
defects: a histometrical study in dogs. J Appl Oral 
Sci. 2012;20(2):162-9. 

   


