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Abstract
Purpose: Adequate wound healing after a tooth extraction is significant because the oral cavity has a 
masticatory function and plays a role in nutrient intake. Various scientific studies have been conducted to 
find the ideal biomaterial to support wound healing. This study aims to determine the wound healing activity 
using Djambal Catfish (Pangasius djambal) gelatin after tooth extraction.

Method: Gelatin was obtained from Djambal Catfish (Pangasius djambal). The sample was selected by 
random sampling, divided into 6 groups, namely the control group on the 3rd day (n=6), the control group 
on the 5th day (n=6), the control group on the 7th day (n=6), the treatment group on the 3rd day (n=6), the 
treatment group on the 5th day (n=6), and the treatment on the 7th day (n=6). Wound healing was examined 
by evaluating wound healing marker such as macrophages, fibroblasts, epithelialization, angiogenesis, and 
collagen. Data were processed using statistical analysis.

Results: The treatments had a positive result in wound healing as compared with the control groups. 
Histological assessment showed a remarkable sign of an increased number of macrophage, fibroblast, 
epithelialization, and collagen deposition. 

Conclusion: Gelatin derived from Djambal Catfish (Pangasius djambal) can accelerate the wound healing 
process thus could be a component therapeutic potential product that may be beneficial in wound healing in 
the future. 
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Introduction

The wound healing process after a tooth extraction 
is influenced by various factors, both internal and 
external. The healing process can be different for 
each individual. Generally, the wound healing process 
after tooth extraction includes the following stages: 
coagulation, inflammation, cell proliferation and 
migration, angiogenesis, matrix synthesis, remodelling, 
and wound contraction1. Various studies have reported 
the use of various materials to accelerate the tissue 
healing process, such as the use of hemosponge, bone 

graft, platelet-rich plasma, and platelet-rich fibrin2,3,4.

Wound healing is the process of replacing and 
repairing damaged tissue function. The speed of wound 
healing depends on the location, severity, and extent of 
the injury. There are 4 main phases overlap between 
one and the other phase, namely the haemostasis 
phase, inflammatory phase, proliferation phase, and 
maturation phase. To ensure that the wound healing 
process runs well, several parameters can be used, 
including fibroblast proliferation, angiogenesis, collagen 
synthesis, epithelialization, and macrophages. Various 
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factors influence the acceleration of wound healing, 
such as the presence of local factors from intraoral and 
systemic factors5,6,7.

This research aimed to obtain biomaterial products 
that can help accelerate the wound healing process 
after tooth extraction. This research applied gelatin gel 
material from Djambal Catfish (Pangasius djambal) 
in which the amino acid content consists of arginine, 
glutamine and glycine which can accelerate wound 
healing. There are no commercial products on the market 
that use Djambal Catfish as the basic ingredient, and 
there has been no research focused on wound healing 
using Pangasius djambal. Thus, this researcher was 
challenged and interested in conducting this research 
to determine the potential effect of applying gelatin gel 
made of Djambal Catfish on the tooth socket. 

Materials and Methods

This research is a laboratory experimental research 
with Randomized Post Test Only Control Group Design 
in the laboratory in vivo to determine the effect of 
Djambal Catfish gelatin on the wound healing process 
in the socket after tooth extraction in Wistar strain rats 
with Ethical Clearance of Brawijaya University Number 
399A/ EC/ KEPK-FKG/ 12/ 2017. The independent 
variable in this research was Djambal Catfish gelatin 
(Pangasius djambal) with a concentration of 100% 
while the dependent variables included the distributions 
of macrophages, fibroblasts, epithelialization, collagen, 
and angiogenesis.

The experimental animals were selected based on 
the sample criteria, then divided into 4 groups, each 
consisting of 7 rats kept in the experimental animal 
rearing place. The rats were cared for and adapted in 
the laboratory for 7 days. Before the extraction of the 
mandibular left incisor tooth of Wistar strain rats, an 

anaesthetic injection was carried out using 0.3 ml of 
ketamine peritoneally.

The production of gelatin comes from Djambal 
Catfish skin which was initially taken and separated from 
the meat and fat attached to it. Djambal Catfish skin was 
then stored at -20o C. The stored Djambal Catfish skin 
was thawed at room temperature and cut to about 1 cm2. 
After that, Djambal Catfish skin was rinsed with lemon 
water to remove any other material. A total of 100 gram 
of Djambal Catfish skin was rinsed and immersed in the 
citric acid solution for 12 hours to dilute the collagen 
fibers in order to be easily extracted. The sample was 
neutralized by washing it several times until the washing 
water was at a neutral pH (6-7). Djambal Catfish skin 
was extracted using a shaker water bath with distilled 
water at 600C for 6 hours. The gelatin solution was 
separated from the remaining skin using the Watchman 
filter cloth No. 1 and cooled at room temperature until 
the gelatin gel formed. 

The administration of Djambal Catfish gelatin 
was performed by using a pipette and then the gel was 
slowly applied as much as 0.1 ml to the socket once after 
extraction and after the bleeding stop. Meanwhile, the 
control group was not treated. After being given Djambal 
Catfish gelatin (Pangasius djambal), the experimental 
animals were given a novalgin analgesic at a dose of 500 
mg/ ml to reduce pain.

Tissue sampling was examined on the 3rd, 5th, and 
7th day using ether. The rats were injected with a lethal 
dose of ketamine anaesthetic. The rats had the mandible 
decapitated where the tooth had been extracted. In the 
preparation, HPA staining was conducted by using a 
light microscope with a 400x magnification to ensure the 
location of the preparation to be counted. The sample on 
the preparation was divided into 5 fields of vision with 
the same size. 

Results
Table 1. Results of Marker Calculation on Rats’ Wound Healing in Control and Treatment Groups with 

Pangasius djambal gelatin

Group Macrophage Fibroblast Epithelization Angiogenesis Collagen

C1 55.2 ± 7.92 2.9 ± 27.96 106.43 ± 13.63 1.76 ± 0.75 1.13 ± 0.35
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C2 42 ± 5.15 4.04 ± 32.04 96.66 ± 12.54 2.68 ± 0.72 1.76 ± 0.68

C3 33.2 ± 9.12 5.01 ± 36.52 125.28 ± 19.53 41.2 ± 0.30 -

T1 83.6 ± 4.83 6.44 ± 75.32 115.55 ± 24.33 2.92 ± 0.67 -

T2 65.6 ± 4.62 4.51 ± 88.4 131.66 ± 30.87 4.36 ± 1.29 1.66 ± 0.48

T3 33.2 ± 1.93 6.61 ± 91.02 187.29 ± 21.62 5.36 ± 0.99 2.93 ± 0.25

Note: Values were expressed as mean + SD. Values with the same letter in a row mean they are statistically 
significant different (p<0.05), and vice versa. 

Cont... Table 1. Results of Marker Calculation on Rats’ Wound Healing in Control and Treatment Groups 
with Pangasius djambal gelatin

C1: control day 3 ; C2: control day 5 ; C3: control 
day 7 ; T1: treatment day 3 ; T2: treatment day 5; T3: 
treatment day 7 

Examination Methods and Analysis of 
Macrophage

Based on Table 1, there was a difference in the 
number of macrophages between the control group not 
given and given Djambal Catfish gelatin. The one-way 
ANOVA test results showed a significance value of 
0.000 (p < 0.05), indicating an increase in the number of 
macrophage cells in the wound after tooth extraction in 
rats between groups on the 3rd and 5th days. The results 
of the Post Hoc Tukey test (comparing the groups) 
showed that there was a significant difference in the 
mean number of macrophages between groups with 
a significant value of less than 0.05. However, several 
groups were being compared which had a greater value 
than 0.05, covering Group C1 and C2, C1 and C3, C2 
and C3, and.T2 and T3. 

Examination Methods and Analysis of Fibroblast

Based on Table 1, there is a difference in the number 
of fibroblasts between the control group not given and 
given Djambal Catfish gelatin. The one-way ANOVA 
test showed a significant value of 0.000 (p < 0.05), 
meaning that H0 was rejected. This research indicated a 
difference in the number of fibroblasts in the wound after 
rat tooth extraction between the groups. The Post Hoc 
Tukey test results (comparing the groups) obtained that 

there was a significant difference in the mean number 
of fibroblasts between groups with a significant value 
of less than 0.05. However, several groups were being 
compared which had a greater value than 0.05, covering 
Group C1 and C2, C1 and C3, C2 and C3, and.T2 and 
T3. 

Examination Methods and Analysis of 
Epithelization

Based on Table 1, there was a difference in the 
epithelial thickness in rats (Rattus norvegicus) post-
tooth extraction socket between the treatment groups 
given and not given Djambal Catfish gelatin. The one-
way ANOVA test showed a significant value of 0.000 
(p < 0.05), meaning that H0 was rejected. This research 
indicated that there was a difference in the average 
epithelium thickness of the wound after rat tooth 
extraction between the control groups and the treatment 
groups on the 3rd, 5th, and 7th days. The Pearson 
correlation test on the treatment group research data 
showed a correlation strength ( r ) of 0.761**, indicating 
a strong correlation between Djambal Catfish gelatin 
(Pangasius djambal) and epithelial thickness after rat 
tooth extraction. Furthermore, this correlation showed a 
positive direction, meaning that the increasing number 
of days (length of time) can thicken significantly the rat 
tooth epithelium after tooth extraction. 
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Examination Methods and Analysis of 
Angiogenesis

Based on Table 1, the administration of Djambal 
Catfi sh gelatin increased the number of blood vessels 
or angiogenesis in the treatment group of rats and 
accelerated the wound healing process in the treatment 
group. The One Way ANOVA test showed a signifi cance 
value of less than 0.05 (p < 0.05). That is, the use of 
Djambal Catfi sh (Pangasius djambal) gelatin had a 
signifi cant effect on angiogenesis in the wound healing 
process after tooth extraction of Wistar rats (Rattus 
novergicus). In other words, there was a signifi cant 
difference in the number of blood vessels (angiogenesis) 
between groups on the 3rd, 5th, and 7th days. The Pearson 
correlation test on the research data showed a correlation 
strength ( R ) of 0.860 in the control groups and 0.736 
in the treatment groups. Furthermore, this correlation 
had a positive direction, indicating a strong correlation 
between variables, in which the increasing number of 
days (length of time) can also increase the angiogenesis.  

Examination Methods and Analysis of Collagen

The comparison between groups through the 
Kruskal-Wallis test was obtained a signifi cant value (p) 
of 0.000, meaning that the null hypothesis was rejected. 
Hence, there was a signifi cant difference in collagen 
formation in the healing process after tooth extraction 
in rats (Rattus norvegicus). The Spearman correlation 
test results showed that the correlation strength ( r ) on 
the 3rd day was 0.707*, indicating that Djambal Catfi sh 
(Pangasius djambal) gelatin was strongly correlated 
with collagen formation after tooth extraction in rats 
(Rattus norvegicus). This correlation on the 3rd day had 
a positive direction, meaning that the increasing number 
of days (length of time) can also signifi cantly increase 
collagen formation after tooth extraction in rats (Rattus 
norvegicus). The correlation strength ( r ) on the 7th day 
reached 0.949**, indicating a very strong correlation 
between Djambal Catfi sh (Pangasius djambal) gelatin 
and collagen formation after tooth extraction in rats. 
This correlation on the 7th day had a positive direction, 
meaning that the increasing number of days (length of 
time) can also signifi cantly increase collagen formation 
after tooth extraction in rats (Rattus norvegicus). 

Figure 1. Histological view of macrophages using H & E staining in one fi eld of vision with a 400x 
magnifi cation-light microscope at a) Day 3 Control Group, b) Day 3 Treatment Group, c) Day 5 Treatment 

Group, d) Day 5 Treatment Group, e) Day 7 Treatment Group, f) Day 7 Treatment Group. 

 
Figure 2. Histological view of fi broblasts using H & E staining in one fi eld of vision with a 400x 

magnifi cation-light microscope at a) Day 3 Control Group, b) Day 3 Treatment Group, c) Day 5 Treatment 
Group, d) Day 5 Treatment Group, e) Day 7 Treatment Group, f) Day 7 Treatment Group. 
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Figure 3. Histological view of epithelial thickness using H & E staining in one fi eld of vision with a 400x 
magnifi cation-light microscope at a) Day 3 Control Group, b) Day 3 Treatment Group, c) Day 5 Treatment 

Group, d) Day 5 Treatment Group, e) Day 7 Treatment Group, f) Day 7 Treatment Group. 

 
Figure 4. Histological view of the number of new blood vessels using H & E staining in one fi eld of vision 

with a 400x magnifi cation-light microscope at a) Day 3 Control Group, b) Day 3 Treatment Group, c) Day 5 
Treatment Group, d) Day 5 Treatment Group, e) Day 7 Treatment Group, f) Day 7 Treatment Group. 

 
Figure 5. Histological view of collagen formation using H & E staining in one fi eld of vision with a 400x 

magnifi cation-light microscope at a) Day 3 Control Group, b) Day 3 Treatment Group, c) Day 5 Treatment 
Group, d) Day 5 Treatment Group, e) Day 7 Treatment Group, f) Day 7 Treatment Group. 
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Discussion

Based on the results of the study, the administration 
of Djambal Catfish (Pangasius djambal) gelatin in the 
post-tooth extraction wound resulted in an increase in 
the number of macrophages in the treatment groups 
compared to the control groups. When tissue damage 
occurs, macrophages will dominate the initial wound 
healing process for three to five days during the 
inflammatory phase9,37. Macrophages have a major 
role in the immune system, both as antimicrobial 
cells and immunoregulatory cells, which induce, 
suppress or modulate adaptive immune responses. In 
the immune response, this macrophage biology aspect 
is driven by the presence of macrophage arginine 
metabolic phenotype10. On the 7th day after the gelatin 
administration, the number of macrophages significantly 
decreased if compared to the control group. This is 
because the macrophages playing as phagocytic agents 
underwent apoptosis and replaced by fibroblasts. Besides 
that, the decreased number of macrophages can signify 
that the healing process has entered a proliferation 
phase, which is marked by the presence of fibroblasts 
and angiogenesis8,12,13.

The increase in the number of fibroblasts after 
treatment using Djambal Catfish gelatin indicated an 
improvement in the wound healing process of the rat tooth 
socket. Fibroblasts began to emigrate to the wound area 
on the 3rd day after tooth extraction, so the lowest number 
of fibroblasts was on the 3rd day and increased to the 
7th day14,15. The evaluation results showed a significant 
difference in the number of fibroblasts in the wound after 
rat tooth extraction, especially in the treatment groups 
(with the administration of Djambal Catfish (Pangasius 
djambal) gelatin), if compared with the control groups 
(without the administration of Djambal Catfish gelatin 
on the same day (C1 with T1, C2 with T2, and C3 with 
T3). This research suggests that the administration 
of Djambal Catfish (Pangasius djambal) gelatin can 
increase the number of fibroblasts in the wound after 
rat tooth extraction due to the glutamine and glycine 
amino acids which affect the wound healing process. 
The glutamine amino acid plays a role in increasing the 
fibroblast proliferation process and stimulates collagen 
formation16. Meanwhile, the glycine amino acid plays a 
role in regulating metabolism, anti-oxidative reactions, 
and neurological functions. The various beneficial effects 

of glycine make it an essential amino acid, including for 
mammals. Fibroblasts also influence the angiogenesis 
process. The absence of fibroblasts in combination with 
angiopoietin-1, angiogenin, hepatocyte growth factor, α 
transformation growth factor, and tumor necrosis factor 
will interfere the formation of blood vessel endothelial 
lumen17,18,19,20,21. The results of increasing fibroblasts 
make the wound healing process of the rat tooth socket 
would be faster with the use of Djambal Catfish gelatin.

The epithelization process begins at 12 hours 
after trauma with keratinocyte cell mitosis in the basal 
stratum. Keratinocytes will flatten and form bumps 
around it. These cells will lose the attachment of the 
hemidesmosomes to the surrounding basal cells and 
begin migrating at 24 hours after trauma. Within 48 hours, 
the proliferation of epithelial cells begins. Complete 
epithelial formation occurs on the fourth day to seventh 
days22. The presence of arginine plays a role to stimulate 
epithelial cell formation, strengthen the immune system 
and help synthesize amino acids. Arginine and glycine 
in protein can accelerate the maturation phase and the 
wound healing process23,24. 

In the proliferation of granulation phase starting from 
the 3rd to 7th day, the wound matrix will be occupied by 
proliferating endothelial cells. These cells will form new 
blood vessels in the process of angiogenesis, followed by 
the production of a temporary extracellular matrix and 
migrating from the wound edges to form layers covering 
the wound. The formation of blood vessels can occur 
from the 3rd to 7th day26. The findings of the increasing 
number of blood vessels (angiogenesis) are consistent 
with the study of Nofikasari (2016) showing that in the 
wound healing process on the 3rd day, the mean number 
of blood vessels seen on the histological preparation 
was higher than on the first day. The observation 
results showed that the highest mean number of blood 
vessels was on the 7th day because endothelial cells 
experienced peak proliferation26. The angiogenesis 
process also affects the formation of fibroblasts. The 
better vascularization of the wound area will increase 
fibroblast proliferation27. 

Glutamine is the main transporter of nitrogen from 
glutamine synthesis sites such as skeletal muscle, liver, 
and lungs to the endothelium. Endothelial glutamine 
together with asparagine and metabolism is significant 
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in the process of angiogenesis25,28,29. Arginine has the 
function of improving wound healing, triggering the 
release of insulin-like growth factor 1 (IGF-1), insulin, 
and prolactin30. Meanwhile, glycine together with 
VEGF increases the proliferation of endothelial cells and 
initiates angiogenesis both in vitro and in vivo31. The 
data analysis results from the angiogenesis examination 
based on the One Way Anova test on the control and 
treatment groups showed a significant difference in the 
number of blood vessels (angiogenesis). The higher 
number of blood vessels in the treatment group (P) 
indicated that the rats (Rattus norvegicus) experiencing 
tooth extraction and given Djambal Catfish (Pangasius 
djambal) gelatin affected the angiogenesis process.

Collagen is essential for the resilience and integrity 
of all tissues32,33. In the period of stress due to trauma, 
endogenous arginine synthesis is not sufficient to 
meet the increased demand for protein replacement. 
Thus, arginine supplementation becomes conditionally 
important in wound healing34,36. In this research, the 
collagen formation in the T3 group was higher than the 
C3 group. The mean collagen score of the T3 group was 
2.93 while that of the C3 group was 1.76. This can occur 
because, at this stage, the inflammatory phase decreases 
and will change to the proliferation phase, in which 
growth factors will dominate. This process begins with 
the formation of fibroblast cells. Fibroblasts produce a 
basic substance, namely mucopolysaccharides, which 
unites collagen fibers. Collagen is useful in increasing 
strength in wound healing, accelerating the wound 
closure35. The higher collagen scoring in the treatment 
groups (T) than the control groups (C) was possibly due 
to the arginine contained in the Djambal Catfish gelatin. 

Conclusion

Based on the research results and discussion on the 
use of Djambal Catfish (Pangasius djambal) gelatin 
after tooth extraction in rats (Rattus norvegicus), it can 
be concluded that Djambal Catfish (Pangasius djambal) 
has the ability to heal wounds, indicated from the 
activities of macrophages, fibroblasts, epithelialization, 
angiogenesis, and collagen formation. Although further 
research is still needed, it is learned that Djambal Catfish 
gelatin is likely to be an additional material used for 
wound healing therapy after tooth extraction. 

Acknowledgements : This research was funded by 
PNBP Program from Brawijaya University No. 2550/
UN10.F14/PN/2018 

Declaration of Interest : The authors report no 
declarations of interest 

References
1.	 P. de S. Gomes, P. Daugela, L. Poskevicius, L. 

Mariano, and M. H. Fernandes, “Molecular and 
Cellular Aspects of Socket Healing in the Absence 
and Presence of Graft Materials and Autologous 
Platelet Concentrates: a Focused Review,” J. Oral 
Maxillofac. Res. 2019;10(3): 1–18.

2.	 B. Srinivas, P. Das, M. M. Rana, A. Q. Qureshi, 
K. C. Vaidya, and S. J. A. Raziuddin, “Wound 
Healing and Bone Regeneration in Postextraction 
Sockets with and without Platelet-rich Fibrin,” 
Ann. Maxillofac. Surg. 2018; 8(1): 28–34.

3.	 S. Corbella, S. Taschieri, L. Francetti, R. Weinstein, 
and M. Del Fabbro, “Histomorphometric Results 
After Postextraction Socket Healing with 
Different Biomaterials: A Systematic Review of 
the Literature and Meta-Analysis,” Int. J. Oral 
Maxillofac. Implants. 2017;32(5): 1001–101.

4.	 A. Tavakoli and A. Sagart, “Evaluation of 
hemosponge in promoting dental socket healing 
after 3rd mandibular premolar extraction in a feline 
model,” Brazilian J. Oral Sci. 2015;14(4): 330–33.

5.	 K. Anderson and R. L. Hamm, “Factors that impair 
wound healing,” J. Am. Coll. Clin. Wound Spec. 
2014;4(4): 84–91.

6.	 J. P. E. Junker, R. A. Kamel, E. J. Caterson, and 
E. Eriksson, “Clinical Impact Upon Wound 
Healing and Inflammation in Moist, Wet, and Dry 
Environments,” Adv. Wound Care, 2013;2(7): 348–
356.

7.	 M. N. A. Rahman, S. Sukmasari, A. A. Doolaanea, 
and O. A. J. A. Qader, “Potential oral wound 
healing of topical application of dental gel prepared 
from Baccaurea angulata fruit in diabetic rats,” J. 
Pharm. Sci. Res. 2018;10(1): 167–174.

8.	 I. Ratnasari, S. S. Yuwono, H. Nusyam, and S. 
B. Widjanarko, “Extraction and characterization 
of gelatin from different fresh water fishes as 
alternative sources of gelatin,” Int. Food Res. J. 
2013;20(6): 3085–3091.



2386      Indian Journal of Forensic Medicine & Toxicology, April-June 2021, Vol. 15, No. 2

9.	 J. R. Hupp, E. Ellis, and M. R. Tucker, 
Contemporary Oral and Maxillofacial Surgery, 
Seventh. Philadelphia: Elsevier, 2019.

10.	 M. Rath, I. Müller, P. Kropf, E. I. Closs, and M. 
Munder, “Metabolism via arginase or nitric oxide 
synthase: Two competing arginine pathways in 
macrophages,” Front. Immunol. October 2014;5: 
1–10.

11.	 J. Aramburu and C. López-Rodríguez, “Regulation 
of inflammatory functions of macrophages and T 
lymphocytes by NFAT5,” Front. Immunol. March 
2019;10.

12.	 C. W. Martin and I. F. K. Muir, “The role of 
lymphocytes in wound healing,” Br. J. Plast. Surg. 
1990;43(6); 655–662.

13.	 P. Krzyszczyk, R. Schloss, A. Palmer, and F. 
Berthiaume, “The role of macrophages in acute 
and chronic wound healing and interventions to 
promote pro-wound healing phenotypes,” Front. 
Physiol. May 2018;9; 1–22.

14.	 H. E. Desjardins-Park, D. S. Foster, and M. 
T. Longaker, “Fibroblasts and wound healing: 
an update &quot; Increased comprehension of 
dermal fibroblast heterogeneity may yield both 
mechanistic insights into existing therapies and 
inspiration for novel therapeutics targeting specific 
cell populations in wound heal,” Regen. Med. 2018; 
13: 491–495.

15.	 R. Addis et al., “Fibroblast proliferation and 
migration in wound healing by phytochemicals: 
Evidence for a novel synergic outcome,” Int. J. 
Med. Sci. 2020;17(8): 1030–1042.

16.	 O. M. de Sousa Sá, N. N. F. Lopes, M. T. S. 
Alves, and E. M. M. Caran, “Effects of glycine on 
collagen, PDGF, and EGF expression in model of 
oral mucositis,” Nutrients. 2018;10(10);1–11.

17.	 W. Wang, Z. Wu, Z. Dai, Y. Yang, J. Wang, and G. 
Wu, “Glycine metabolism in animals and humans: 
Implications for nutrition and health,” Amino Acids. 
2018;45(3): 463–477.

18.	 P. A. Kurnia, H. B. Ardhiyanto, and Suhartini, 
“Potensi Ekstrak Teh Hijau (Camellia sinensis) 
Terhadap Peningkatan Jumlah Sel Fibroblas 
Soket Pasca Pencabutan Gigi pada Tikus Wistar,” 
e-Jurnal Pustaka Kesehat. 2015;3(1): 122–127.

19.	 J. Li, W. R. Chao, M. W. Dewhirst, and Z. A. 
Haroon, “Dietary Glycine Inhibits Angiogenesis 

During Wound Healing and Tumor Growth nd io ie 
ot fo is rib ut n .,” Therapy, April 2003: 173–178.

20.	 S. Ellinger, “Micronutrients, Arginine, and 
Glutamine: Does Supplementation Provide an 
Efficient Tool for Prevention and Treatment of 
Different Kinds of Wounds?,” Adv. Wound Care. 
2014;3(11): 691–707.

21.	 A. C. Newman, M. N. Nakatsu, W. Chou, P. D. 
Gershon, and C. C. W. Hughes, “The requirement 
for fibroblasts in angiogenesis: Fibroblast-derived 
matrix proteins are essential for endothelial cell 
lumen formation,” Mol. Biol. Cell. 2011;22(20): 
3791–3800.

22.	 H. Larjava, Oral Wound Healing : Cell biology and 
clinical management. Oxford: Wiley Blackwell, 
2012.

23.	 D. MacKay and A. L. Miller, “Nutritional Support 
for Wound Healing,” Altern. Med. Rev. 2003;8(4): 
359–377.

24.	 P. J. Mertz PM, Davis SC, Franzen L, Uchima 
FD, Pickett MP, Pierschbacher MD, “Effects of an 
arginine-glycine-aspartic acid peptide-containing 
artificial matrix on epithelial migration in vitro and 
experimental second-degree burn wound healing in 
vivo.,” J Burn Care Rehabil. 1996;17(3): 199–206.

25.	 O. S. Tanihara M, Kajiwara K, Ida K, Suzuki 
Y, Kamitakahara M, “The biodegradability of 
poly(Pro-Hyp-Gly) synthetic polypeptide and the 
promotion of a dermal wound epithelialization 
using a poly(Pro-Hyp-Gly) sponge.doi:,” J Biomed 
Mater Res A. 2008; 85(1): 133–139.

26.	 I. Nofikasari, A. Rufaida, C. D. Aqmarina, F. 
Failasofia, A. R. Fauzia, and J. Handajani, “Efek 
aplikasi topikal gel ekstrak pandan wangi terhadap 
penyembuhan luka gingiva,” Maj. Kedokt. Gigi 
Indones. 2017;2(2): 53.

27.	 E. A. Pollina, A. Legesse-Miller, E. M. Haley, 
T. Goodpaster, J. Randolph-Habecker, and H. A. 
Coller, “Regulating the angiogenic balance in 
tissues: A potential role for the proliferative state of 
fibroblasts,” Cell Cycle. 2008;7(13): 2056–2070.

28.	 N. P. Curthoys and M. Watford, “Regulation of 
Glutaminase Activity and Glutamine Metabolism,” 
Annu. Rev. Nutr. July 1995;15(1): 133–159.

29.	 R. E. Oberkersch and M. M. Santoro, “Role of 
amino acid metabolism in angiogenesis,” Vascul. 
Pharmacol. February 2019;112: 17–23.



Indian Journal of Forensic Medicine & Toxicology, April-June 2021, Vol. 15, No. 2      2387

30.	 D. S. Lind, “Arginine and cancer,” J. Nutr. 
2004;134(10): 2837–2841.

31.	 D. Guo et al., “Vascular endothelial growth 
factor signaling requires glycine to promote 
angiogenesis,” Sci. Rep. 2017;7(1): 1–10.

32.	 F. F. Felician et al., “The wound healing potential 
of collagen peptides derived from the jellyfish 
Rhopilema esculentum,” Chinese J. Traumatol. - 
English Ed. 2019;22(1): 12–20.

33.	 O. Chow and A. Barbul, “Immunonutrition: Role 
in Wound Healing and Tissue Regeneration,” Adv. 
Wound Care. 2014;3(1): 46–53.

34.	 S. Zhou, J. Salisbury, V. R. Preedy, and P. W. 
Emery, “Increased Collagen Synthesis Rate during 
Wound Healing in Muscle,” PLoS One. 2013;8(3): 
8–11.

35.	 P. J. Larry, Oral and Maxillofacial Surgery, 4th ed. 
St. Loius: Mosby, Inc, 2003.

36.	 Yani, Ristya Widi Endah, Retno Palupi, and 
Taufan Bramantoro, “Analysis of Calcium 
Levels in Groundwater and Dental Caries in the 
Coastal Population of an Archipelago Country”, 
Macedonian Journal of Medical Sciences. 
2019;7(1): 134-8.

37.	 Surboyo, Meicurius Dwi Condro, Ira Arundina, 
Retno Pudji Rahayu, Dieni Mansur, and Taufan 
Bramantoro, “Potential of Distilled Liquid Smoke 
Derived from Coconut (Cocos nucifera L) Shell 
for Traumatic Ulcer Healing in Diabetic Rats”, 
European Journal of Dentistry. 2019;13(2): 271-
279. 


