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ABSTRACT  
Background and Objectives: Pomegranate, Punica granatum, is known to possess a powerful ability for accelerating wound 
healing.  The aim of this study is to evaluate serum muscle enzymes; Creatine phospho kinase (CPK), aspar-
tate aminotransferase (AST), Alanine aminotransferase (ALT) and Lactate dehydrogenase (LDH) activities in gingival wound 
healing process in rabbits orally administrated pomegranate peel extract (PPE). 
Methods: This study included 55 rabbits that were divided into 3 groups; baseline group consisted of 5 rabbits without cre-
ating buccal gingival injury, and the study group included 25 (5 rabbits per each time interval) with creation of gingival injury 
that received (PPE). The third group; the control group (25 rabbits) was treated as the study group, except they didn’t receive 
the extract. At the lower right central incisor, a gingival injury was created, seven days after the operation the sutured was 
removed. At time intervals (0, 3h, 1, 3, 7 and 10 days) after the operation, blood was withdrawn through cardiocentesis. 
Blood samples were used for serum CPK, AST, ALT, LDH activities determination.  
Results: In the rabbits receiving PPE (study group), the activities of muscle enzymes; AST, ALT, LDH  increased significantly at 
time intervals of one and three days after gingival injury (except CPK which increased 3 hours, 1 and 3 days after surgery), 
then declined and nearly returned back to baseline values, 10 days after gingival injury incision. Whereas, in the control 
group, a significant increase in the serum activities of CPK and AST (compared to baseline values) were observed at all time 
intervals after gingival injury, while for ALT and LDH, their activities significantly increased one day and after.  
Conclusions: Serum muscle enzymes activities may be used as a marker for the gingival wound healing process in rabbits sup-
plemented with PPE.  
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INTRODUCTION 

The healing of wound tissue is a physiological 
process that repairs tissue injuries and damages. 
Wound healing occurs in three stages; inflamma-
tion, proliferation and migration of different cell 
types.1, 2 Free radicals have a negative effect on 
wound healing processes.3 Wound healing may be 
delayed due to a protracted inflammatory period, 
deferred proliferation and remodeling stag-
es.4 Many researchers have conducted studies 
with the aim of accelerating surgical wound heal-
ing.5, 6 Many fruits have the potency to induce and 
accelerate the wound healing process; these plants 
have anti-inflammatory, antimicrobial, and anti-
oxidant activities.6 Pomegranate is such a fruit 
that has the ability to scavenge free radicals7 and 
increases plasma antioxidant capacity.8 Pome-
granate extracts were found to have wound heal-
ing properties. However, the ability effects of 
pomegranate peel extract on surgical injury heal-
ing have been poorly studied.9 
The levels of some serum biochemical contents 
can be used as indicators or markers for many 
events, for example, Alkaline Phosphatase (ALP) 
can be used as a marker for inflammation, tissue 
damage and the follow up of the healing pro-
cess.10,13 Perinetti et al published that ALP activi-
ty in gingival crevicular fluid (GCF) can indicate 
the periodontal healing/recurrent inflammation 
phases in chronic periodontitis.14 
Intense prolonged exercise and mechanical or sur-
gical injury can damage muscle tissue.15,17 Muscle 
enzymes such as aspartate aminotransaminase 
(AST) and alanine aminotransaminase (ALT), 
creatine kinase (CK), lactate dehydrogen-
ase (LDH), and aldolase can be used in diagnosis 
of muscle diseases.18 
Previous studies revealed that serum AST, ALT, 
LDH, CK,  and aldolase can be considered as 
markers for muscle cell injury, and an increase in 
these enzymes in serum may be an indicator of 
muscle stress due to muscle injury or exercise. 
19,21 In diverse species of animal, AST, ALT and 
LDH were found in multiple tissues, including 
muscle, kidney and liver, these enzymes have 
been published to be possible markers of heart 
and muscle injury in humans.22,23 Monitoring the 
activities of serum CK, AST, and ALT can help 
determine if the damaged muscles are recover-
ing as they should be. Elevations in the activity 
of any of these enzymes for prolonged period of 

time indicates that the training load is high and 
requires more time for recovery, thus the over-
training risk may be greater.24 
 Deepika.et al observed an increase in salivary 
CK,AST and ALP activities in periodontitis pa-
tients. They concluded that, when an organ such 
as the skeletal muscle, heart muscle or periodonti-
um is damaged, the above enzymes will be re-
leased into the blood stream or saliva.25 Todorovic 
et al, found that changes in the activities of the 
enzymes; AST, ALT, CK, LDH, ALP, ACP and 
GGT) reflect metabolic changes in the periodonti-
um and gingiva in inflammation. Their activities 
returned back to normal values after treatment. 
Based on their results, they revealed that the ac-
tivity of these enzymes in saliva can be used as 
biochemical markers for pe-riodontal tissue dam-
age.26  
To the best of the author knowledge, no study has 
been conducted to investigate using muscle en-
zyme levels as an indicator for the rate of oral 
wound healing effect of pomegranate supplemen-
tation. Therefore, this study was designed to in-
vestigate using the serum activity of muscle en-
zymes; CK, AST, ALT, and LDH as a biochemi-
cal marker for evaluating the effect of pomegran-
ate peel extract on the rate of gingival wound 
healing process. 
 
METHODS 
Animal groups: 
The study was done in the animal house of the 
College of Medicine in Hawler Medical Universi-
ty from April to September 2018. The work in-
cluded 55 healthy male Rabbit (weighing 1.0-1.5 
Kg) with the age of 6-8 months. Five Rabbits 
were left without surgical gingival injury and used 
as baseline (group 1), while 25 rabbits were orally 
received PPE solution (100 mg/kg/day), starting 
from 14 days before the surgical gingival injury, 
and continuing for 10 days after the operation, 
according to wound healing model.27  The third 
group was the control group, which included 25 
rabbits they treated as in the study group, but they 
didn’t receive the extract. All the animals were 
fed on commercial animal food and water. 
Surgical gingival injury creation:  
This part was performed by a periodontist. Rab-
bits were anesthetized by injecting ketamine (40 
mg/kg) and xylazine (4 mg/kg), 28 then a surgical 
injury was made through the marginal gingival, 

https://www.sciencedirect.com/topics/neuroscience/alanine
https://www.sciencedirect.com/topics/neuroscience/creatine-kinase
https://www.sciencedirect.com/topics/neuroscience/lactate-dehydrogenase
https://www.sciencedirect.com/topics/neuroscience/lactate-dehydrogenase
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7081005/#B14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7081005/#B15
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starting from the gingival sulcus, extending to-
ward the tooth surface to the alveolar crest lev-
el .27,29 Wound was created in the labial aspects 
the tissue of the lower right central incisor teeth 
and it was extended through the inter-proximal 
area. A stitch with (4/0) black silk was used to 
suture the wound margins. The suture was re-
moved seven days after operation. 
Preparation of the Extract:  
Pomegranate Peel Extract was prepared accord-
ing to the Rafraf method.30 0.5kg of pomegranate 
peel was obtained from the fresh fruit and dried 
at 40°C. The peel particles were finely powdered 
and extracted in 80% ethanol in water, and then 
filtered by Whitman paper No. (42), finally the 
filtrate was dried at 50 °C. 100 mg of the fine dry 
powder was suspended in one ml. of distilled wa-
ter. This solution was given orally to the rabbits 
of the study group.28 
Starting from 14 days before surgical gingival 
injury, 1ml (50 mg/kg/day) of PPE suspension 
were orally given to each rabbit in the study 
group, and the supplementation was continued 
till 10 days after operation (according to the 
wound healing model).31 
Collection of Blood samples:  
Each rabbit was anesthetized, and 3 ml of blood 
were drawn by cardiocentesis. Blood samples 
were taken before bone defect incision (0 day) 
and after wound incision in the following time 
intervals (3h, 1, 3,7 and 10 days). The blood sam-
ples were centrifuged for 10 minutes at 3000 
rpm. The serum was separated and used for the 
determination of serum AST,32, 33 and ALT,33, 34  
CPK,35,36  and LDH37,39 activities using specific 
kits. 
Statistical analysis  
The data of the results were analyzed by the sta-
tistical package for social science (version 22). 
All data were expressed as the mean and standard 
deviation ± (SD). A t- test was for comparison 
two means. A P-value of 0.05 or less was consid-
ered to be a statistically significant difference, 
and P-value of 0.01 and less deliberate a highly 
significant difference. 
 
 
 

RESULTS 
Table (1) shows the levels of serum CPK, AST, 
ALT, LDH activities in rabbit's given PPE (study 
group) before (at baseline) and after surgically 
gingival injury creation. A significant increase in 
serum AST, ALT, LDH activities was found on 
one day (140.22±10.23, 90.78±8.76, 445±21.43 
respectively) and three days (106.33±8.58, 
84±7.44, 415±19.71 respectively) after gingival 
injury creation in comparison to baseline values 
(71.35±6.11, 67.46±7.35, 330±18.65 respective-
ly). Seven days after gingival injury creating, the 
serum activities of these enzymes decreased and 
nearly achieved their baseline values after 10 
days from the injury. Regarding serum CPK ac-
tivity, the results indicated that its activity in-
creased significantly 3 hours, 1 and 3 days after 
surgical injury (276 ±19.2, 490±30.4, 305±21.6 
respectively) comparing to the baseline value 
(215±15.5), then it decreased and nearly return 
back to its baseline after 10 days from the injury.   
Table (2), shows the levels of serum CPK, AST, 
ALT, LDH activities in rabbits of the control 
group, before (at baseline) and after time inter-
vals of creating gingival injury. It was observed 
that serum CPK, AST activities increased signifi-
cantly, 3 hours after gingival injury, while the 
activities of serum ALT and LDH increased sig-
nificantly, 1 day after gingival injury. At the oth-
er time intervals after gingival injury creation, the 
activities of all the enzymes decreased but still 
significantly higher than the baseline.  
Table (3), illustrated the comparison of mean ac-
tivity ±SD values of muscle enzymes; CPK, 
AST, ALT, LDH in the study group with those in 
the control group at different time intervals after 
creating surgical gingival wound (it was assessed 
by using Paired sample t-test). Significant differ-
ences in the activities of the muscle enzymes 
were found at time intervals; 3, 7, and 10 days 
after gingival injury creation between the study 
group and the control group (except for serum 
ALT activity; the differences were found at time 
intervals of 7 and 10 days). In these cases the ac-
tivities of the enzymes in the control group were 
higher than the study group. 
 
 



 

DOI: doi.org/10.15218/edj.2024.14  126  

 

 

Vol: 7    Issue: 2   Date: Dec 2024      

  

Table 1: Comparison of the mean Activity ± SD of Serum CPK, AST, ALT  
and LDH  enzymes  (time intervals after surgical gingival injury ) in the study group to baseline data. 

Parameters 

  
Time intervals 

No. of 
Rabbits 

  
Mean ± SD 

  
P-Value 

  
  
Serum CPK 
( IU/L) 

Baseline 0H 5 215±15.5   

  
  
After surgical gingi-
val injury 

3H 5 276 ±19.2 S 

1D 5 490±30.4 S 

3D 5 305±21.6 S 

7D 5 235±16.1 NS 

10D 5 213±14.7 NS 

  
  
Serum AST 
( IU/L) 
  

Baseline 0H 5 71.35±6.11   

  
  
After surgical gingi-
val injury 

3H 5 80.45±6.85 NS 

1D 5 140.22±10.23 S 

3D 5 106.33±8.58 S 

7D 5 80.65±7.35 NS 

10D 5 74.4±5.94 NS 

  
  
Serum ALT 
( IU/L) 
  

Baseline 0H 5 67.46±7.35   

  
After surgical gingi-
val injury 

3H 5 71.67±7.44 NS 

1D 5 90.78±8.76 S 

3D 5 84±7.44 S 

7D 5 66.98±6.48 NS 

10D 5 63.22±6.7 NS 

  
  
Serum LDH 
( IU/L) 
  

Baseline 0H 5 330±18.65   

  
After surgical gingi-
val injury 

3H 5 345±19.07 NS 

1D 5 445±21.43 S 

3D 5 415±19.71 S 

7D 5 355±18.28 NS 

10D 5 334±16.11 NS 

• H = Hour , D= Day 
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Table 2:  Comparison of the mean Activity ± SD of Serum CPK, AST, ALTand LDH enzymes  (time 
intervals after surgical gingival injury ) in the control group to baseline data. 

Parameters 

  
Time intervals 

No. of 
Rabbits 

  
Mean ± SD 

  
P-Value 

  
  
Serum CPK 
( IU/L) 

Base line 0H 5 205±15.5   

  
After surgical gingi-
val injury 

3H 5 398 ±20.9 S 

1D 5 520±33.5 S 

3D 5 375±26.8 S 

7D 5 310±21.7 S 

10D 5 281±20.1 S 

  
  
Serum AST 
( IU/L) 
  

Base line 0H 5 71.35±6.11   

  
After surgical gingi-
val injury 

3H 5 87.45±7.25 S 

1D 5 158.25±12.16 S 

3D 5 128.47±1016 S 

7D 5 110.78±8.86 S 

10D 5 90.89±7.50 S 

  
  
Serum ALT 
( IU/L) 
  

Baseline 0H 5 67.46±7.35   

  
After surgical gingi-
val injury 

3H 5 70.36±6.78 NS 

1D 5 113.78±10.07 S 

3D 5 104.21±8.64 S 

7D 5 94.68±6.78 S 

10D 5 88.42±6.73 S 

  
  
Serum LDH 
( IU/L) 
  

Baseline 0H 5 322±18.40   

  
After surgical gingi-
val injury 

3H 5 338± 19.31 NS 

1D 5 475± 23.14 S 

3D 5 467± 20.88 S 

7D 5 415±21.28 S 

10D 5 378±20.13 S 

• H = Hour , D= Day 
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Table 3: comparison of the mean activity ±SD of Serum CPK, AST, ALTand LDH enzymes  (time inter-
vals after surgical gingival injury ) between  the study group and the control group. 

  
  
Parameters 

  
Time interval 
(Hour;H,Day;D) 

  
Study group 
(mean ±SD) 
  

  
Control group 
(mean ±SD) 

  
  
P-value 
  

  
  
Serum CPK 
( IU/L) 

3H 276 ±19.2 298 ±20.9 NS 

1D 490±30.4 520±33.5 NS 

3D 305±21.6 375±26.8 S 

7D 235±16.1 310±21.7 S 

10D 213±14.7 281±20.1 S 

  
  
Serum AST 
( IU/L) 
  

3H 80.45±6.85 87.45±7.25 NS 

1D 140.22±10.23 158.25±12.16 NS 

3D 106.33±8.58 128.47±1016 S 

7D 80.65±7.35 110.78±8.86 S 

10D 74.4±5.94 90.89±7.50 S 

  
  
Serum ALT 
( IU/L) 
  

3H 71.67±7.44 70.36±6.78 NS 

1D 90.78±8.76 113.78±10.07 NS 

3D 84±7.44 104.21±8.64 NS 

7D 66.98±6.48 94.68±6.78 S 

10D 63.22±6.7 88.42±6.73 S 

  
  
Serum LDH 
( IU/L) 
  

3H 345±19.07 338± 19.31 NS 

1D 445±21.43 475± 23.14 NS 

3D 415±19.71 467± 20.88 S 

7D 355±18.28 415±21.28 S 

10D 334±16.11 378±20.13 S 

•  H = Hour , D= Day 

DISCUSSION: 
Wound healing process includes inflammation 
(formation of inflammatory cells), proliferation 
(epithelialization, angiogenesis and collagen for-
mation) and remodeling (development of fibro-
blasts, collagen, edema, and blood vessels) phas-
es .40The purpose of this study was to investigate 
the effects of supplementation of PPE on serum 
muscle enzymes in gingival surgical injury, to 
evaluate the role of PEE in wound healing pro-
cess and using serum muscle enzymes as indica-
tor for the rate of gingival wound healing process 
by PPE in rabbits. The results of the study 

showed that, all the serum muscle enzymes activ-
ities in rabbits supplemented on PPE, increased 
significantly after surgical gingival injury, but 
their activities returned back to the baseline val-
ues nearly after 7 days, while in control rabbits 
their activities elevated after surgical  gingival 
injury and still significantly higher after 7 and 10 
days. Since serum muscle enzymes act as indica-
tors for muscle injuries and damages and their 
values return back to the normal range of heal-
ing, 41 therefore the results of the serum muscle 
enzymes activities in the present study indicated 
that PPE supplementation enhanced and sped up 
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the gingival wound healing process. Serum activi-
ty of muscle enzymes is a potential marker for the 
muscle function status and can change in both 
pathological and physiological conditions. Serum 
CK is believed to be an important indicator for 
muscle membrane integrity.42 De Souzaa et al ob-
served that pocket depth and bleeding on probing 
were associated with changes in CK during train-
ing.43 Alanine Aminotransferase (ALT) activities 
are elevated with inflammation and periodontitis; 
which is a chronic inflammation of periodonti-
um. Researchers indicated that such an associa-
tion exists.44, 45 A significant increase in the activ-
ity of AST was observed in gingival fibroblasts 
and periodontal ligament fibroblasts, thus AST 
activity can be used as indicator for the clinical 
assessment of periodontal disease sites, since 
AST activity will decrease when periodontal sta-
tus improves.46 Many studies have found higher 
levels of AST in the gingival crevicular fluid 
(GCF) of the diseased sites than in healthy sites, 
and have been reported as a possible marker of 
periodontal active sites.47,48  It was observed that 
salivary enzymes such as LDL and Amino trans-
aminases can be used as suitable markers of peri-
odontal disease.49 Ali et al, reported that the activ-
ity of salivary lactate dehydrogenase can be used 
as biomarker for periodontitis in smokers.50 Based 
on their results, Todorovic et al, have assumed 
that activity of the enzymes; CK, LDH, AST, 
ALT could be used as biochemical markers for 
periodontal tissue damage, and might be useful in 
diagnosis, prognosis and evaluation of therapy 
effects in periodontal disease.51 Researchers on 
rats have found that applying PPE gel topically 
had improved wound healing  process.52,55It was 
published that PP contains phenolic compounds; 
such as tannins and flavonoids, which can in-
crease fibroblast proliferation and collagen syn-
thesis.55 KAUR  et al , 2006 reported that pome-
granate had various pharmacological activities, as 
well as had the ability of speeding up the process 
of healing wounds.56 Studies have shown that 
Pomegranate parts have antioxidant effects and 
enhance the activities of enzymes that take part in 
controlling free radicals, thus may increase the 
rate of one or more steps in wound healing pro-
cess.54,56 

 
 

CONCLUSIONS 
 According to the findings of this study, serum 
muscle enzymes such as CPK, ALT, AST and 
LDL can be used successfully as indicators for 
evaluating the rate of gingival wound healing in 
rabbits by supplementation of PPE. 
 
REFERENCES 
1. Sagliyana A., Ceribasi A.O., Gunay C., Han M.C., Benzer F., 

Kandemir M.F.  Effects of dietary supplementation with 
whey proteins on surgical wound healing in rats. Rev. Med. 
Vet. 2020; 161: 455-462. 

2. Thu, H.-E., Zulfakar, M. H., and Ng, S.-F., Alginate Based Bi-
layer Hydrocolloid Films as Potential Slow-Release Modern 
Wound Dressing. Int. J. Pharmaceutics. 2012;434: (1-2), 375–
383. doi:10.1016/j.ijpharm.2012.05.044 

3. Aliyeva E, Umur S, Zafer E, Acigoz G., The effect of polylac-
tide membranes on the levels of reactive oxygen species in 
periodontal flaps during wound healing. Biomaterials.2004; 
25: 4633-4637. 

4. Karim S, Alkreathy M. H,  Ahmad A and  Khan M.I., Effects of 
Methanolic Extract Based-Gel From Saudi Pomegranate 
Peels With Enhanced Healing Potential on Excision Wounds 
in Diabetic Rats. Front. Pharmacol.2021; 12, | Article 
7045 https://doi.org/10.3389/fphar.2021.704503 

5. Kandemir F.M., A. Sagliyan A, Ozkaraca M, Gunay C, Han 
M.C, Benzer F. ,Effects of oral administrations of pomegran-
ate seed extract on surgical wound healing in rabbits. Revue 
Méd. Vét., 2013; 164: 8-9, 400-408. 

6. Alam G., Singh M.P., Singh A.,Wound healing potential of 
some medicinal plants. Int. J. Pharm. Sci. Rev. Res. 2011; 9: 
136-145. 

7. Rosenblat M., Volkova N., Coleman R., Aviram M., Pome-
granate byproduct administration to apolipoprotein e-
deficient mice attenuates atherosclerosis development as a 
result of decreased macrophage oxidative stress and re-
duced cellular uptake of oxidized low-density lipoprotein. J. 
Agric. Food. Chem., 2006; 54:1928-1935. 

8. Guo C., Wei J., Yang J., Xu J., Pang W., Jiang Y.. Pomegranate 
juice is potentially better than apple juice in improving anti-
oxidant function in elderly subjects. Nutr. Res., 2008; 28: 72-
77. 

9. Murthy K.N., Reddy V.K., Veigas J.M., Murthy U.D., Study on 
wound healing activity of Punica granatum peel. J. Med. 
Food, 2004; 7: 256-259. 

10. Singh A   ,  Sabir A, Abbas Ali Mahdi A A,  Srivastava R N., 
Evaluation of Serum Alkaline Phosphatase as a Biomarker of 
Healing Process Progression of Simple Diaphyseal Fractures 
in Adult Patients, Int. Res. J. Biological Sci. 2013; Vol. 2(2), 40
-43. 

11. Sipani A K, Dhar A, Sungte N., Serumalkaline phosphatase: A 
prospective biomarker for assessment of progress of frac-
ture healing in diaphyseal fractures of long bones in adult 
patients, International Journal of Orthopaedics Sciences, 6: 
2020; 2: 248-251  DOI:10.22271/ortho.2020.v6.i2d.2047 

12.  Prakash A,  Verma, N M P ,  Saini G M., Serum Alkaline Phos-
phatase, A Prospective Biomarker For Assessment of Pro-



 

DOI: doi.org/10.15218/edj.2024.14  130  

 

 

Vol: 7    Issue: 2   Date: Dec 2024      

gress of Fracture Healing, IOSR Journal of Dental and Medical 
Sciences (IOSR-JDMS) 2017; Volume 16, Issue 12 Ver. PP 27-
33. DOI:10.9790/0853-1612012733 

13. Brichacek A L and Brown C M.,  Alkaline Phosphatase: A Po-
tential Biomarker for Stroke and Implications for Treatment, 
Metab Brain Dis.2019 ; 34(1): 3–19.doi: 10.1007/s11011-018
-0322-3 

14. Perinetti G,  Paolantonio M,  Femminella B,  Serra E, Spoto 
G., Gingival crevicular fluid alkaline phosphatase activity 
reflects periodontal healing/recurrent inflammation phases 
in chronic periodontitis patients, J Periodontol, 2008; 79 
(7):1200-7.doi: 10.1902/jop.2008.070519. 

15. Murakami M., Treatment of myalgia. Nippon rinsho. Japa-
nese journal of clinical medicine, 2009; 67(9):1759-65 

16. Fink R, Lu¨ttgau HC.,  An evaluation of the membrane con-
stants and the potassium conductance in metabolically ex-
hausted muscle fibres. J Physiol.1976; 263:215–38. 

17. Fink R, Hase S, Luttgau HC, Wettwer E., The effect of cellular 
energy reserves and internal calcium ions on the potassium 
conductance in skeletal muscle of the frog. J Physiol.1983; 
336:211–8 

18. Yuling Zhu Y, 1 Huili Zhang H, 2 Yiming Sun Y, Li Y,  Deng L, Wen 
X, Wang H, and  Zhang C., Serum Enzyme Profiles Differenti-
ate Five Types of Muscular Dystrophy, Disease Markers.2015
(3):1-7 .doi: 10.1155/2015/543282. 

19. Brancaccio P, Lippi G, Maffulli N., Biochemical markers of 
muscular damage, Clin Chem Lab Med.2010; 48(6):757-67. 
DOI:10.1515/CCLM.2010.179 

20. Lucas V, Barrera R, Duque FJ, Ruiz P, Zaragoza C., Effect of 
exercise on serum markers of muscle inflammation in Span-
ish greyhounds. Am J Vet Res.2015; 76:637–43. 

21. Tvarijonaviciute A, Barranco T, Rubio M, Jose Maria Carrillo J 
M, Silvia Martinez-Subiela S, Tecles F, Juana Dolores Carrillo J 
D and Ceron J J., Measurement of Creatine kinase and Aspar-
tate aminotransferase in saliva of dogs: a pilot study J. Ce-
rón1BMC Veterinary Research.2017; 13:168. 

22. Boyd J W., The mechanisms relating to increases in plasma 
enzymes and isoenzymes in diseases of animals. Vet Clin 
Pathol.1983; 12:9–24. 

23. Franson JC, Murray HC, Bunck C., Enzyme activities in plas-
ma, kidney, liver, and muscle of five avian species. J Wildl 
Dis. 1985;21:33–39 

24. Hazar M, Otag A. Otag I, Sezen M, Sever O., "Effect of in-
creasing maximal aerobic exercise on serum muscles en-
zymes in professional field hockey players." Global journal of 
health science. 2014; 4;7(3):69-74.doi: 10.5539/
gjhs.v7n3p69. 

25. Deepika. V, Vishnu Priya.V, Bedre A, Harsha. L., Salivary AST, 
ALP and CK Levels in Patients with Periodontitis.J. Pharm. Sci. 
& Res. 2015; 7(6); 341-343. 

26. Todorovic T, Dozic I, Barrero MV, Ljuskovic B, Pejovic J, Mar-
janovic M., Salivary enzymes and periodontal disease. Med 
Oral Patol Oral Cir Bucal2006; 11:E115-9. 

27. Pippi R., Post-Surgical Clinical Monitoring of Soft Tissue 
Wound Healing in Periodontal and Implant Surgery. Int J 
Med Sci.2017; 14(8): 721- 728.doi: 10.7150/ijms.19727. 

28. Hedenqvist P., Anaesthesia and analgesia for surgery in rab-
bits and rats: A comparesion of the effects of different com-

pounds, 2008. PhD Thesis submitted to the Karolinska Insti-
tutent, Stckholm Sweden. 

29. Alghamdi  H,  Babay N, and  Sukumaran A. , Surgical manage-
ment of gingival recession: A clinical update. Saudi Dent 
J.2009; 21(2): 83–94. doi: 10.1016/j.sdentj. 07.006. 

30. Rafraf M, Hemmati S, Jafarabadi MA, Moghaddam A, and 
Haghighian MK., Pomegranate (Punica Granatum L.) Peel 
Hydroalcoholic Extract Supplementation Reduces Pain and 
Improves Clinical Symptoms of Knee Osteoarthritis: A Ran-
domized Double-Blind Placebo Controlled Study. Iran Red 
Crescent Med J.2017; 19(1):e38577. https://
doi.org/10.5812/ircmj.38577. 

31. Bahtiar A, Arifin S, Razalifha A, Qomariah N, Wuyung PE, 
Arsianti A., Polar Fraction of Punica granatum L. peel extract 
increased osteoblast number on ovariectomized rat bone. 
IJHM.2014; 2 (1): 65-70. 

32. Henry R.J., Chiamori N., Golub O.J., Berkman S., Revised 
spectrophotometric methods for the determination of glu-
tamic-oxalacetic transaminase, glutainic-pyruvic transami-
nase, and lactic dehydrogenase. Am. J. Clin. Pathol.1960; 
34:381–398. 

33.  Bergmeyer HU,  Hørder M,  Rej R., IFCC method for alanine 
aminotransferase (L-alanine: 2-oxoglutarate aminotransfer-
ase, EC 2.6.1.2) J Clin Chem Clin Biochem.1986; 24(7):481-95. 

34. Bergmeyer, HU, Scheibe P and Wahlefeld, AW., Optimization 
of Methods for Aspartate Aminotransferase and Alanine 
Aminotransferase.Clin. Chem.1978; 24, 58 – 73 

35. Oliver IT., A spectrophotometric method for the determina-
tion of creative phosphokinase and myokinase. The Bio-
chemical Journal.1955; 61(1):116-122. https://doi: 10.1042/
bj0610116 

36. Rosalki SB., An improved procedure for serum creatine phos-
phokinasedetermination. J Lab Clin Med.1967;  69(4):696-
705. https://europepmc.org›abstract›med. 

37. Young DS, 1995. Effects of Drugs on Clinical Laboratory Tests, 
4th Edition,AACC Press, Washington, D.C. 

38. Vassault, A, Maire I, S ebille L, B ozon D, and Lalegerie P., 
Animprovement for the determ ination of total lactate dehy-
drogenase catalyticactivity whatever the isoenzymes. Berich-
te der OGKC 4:165, (Also seeAnn. Biol. Clin.1981; 40:160-
164, 1982 

39. Tietz NW, Clinical Guide to Laboratory Tests, 3rd Edition, 
W.B. Saunders,Philadelphia, PA (1995). 

40. Baban D A., Effect of the pomegranate peel extract on the 
healing processof the gingival surgical wound, International 
Medical Journal, ISSN:13412051, 2020;25 (04). 

41. Brancaccio, P. Lippi G, Maffulli N., Biochemical markers of 
musculardamage. Clin. Chem. Lab.Med. 2010; 48, 757– 767. 
doi:10.1515/CCLM.2010.179. 

42. M F, *  Graham S M,  BakerJ S, and  Bickerstaff G F., Creatine-
Kinase-and Exercise-Related Muscle Damage Implications for 
MusclePerformance and Recovery. J Nutr Metab. 2012; 2012: 
960363.doi: 10.1155/2012/960363. 

43. de Souzaa B C, Ribas M E, de Oliveirab João A R, Alex B B and 
Haas N.,Impact of gingival inflammation on changes of a 
marker of muscle injury in youngsoccer players during train-
ing: A pilot study. Rev Odonto Cienc. 2012; 7(4):294-299. 

44. Liu Z., Que S., Xu J., Peng T., Alanine aminotransferase-old 
biomarker andnew concept: a review. International Journal 



 

DOI: doi.org/10.15218/edj.2024.14  131  

 

 

Vol: 7    Issue: 2   Date: Dec 2024      

of Medical Sciences 2014;11(9):925–935. doi: 10.7150/
ijms.8951. 

45. Wiener R C,  Sambamoorthi, U and  Jurevic R J., Association of 
AlanineAminotransferase and Periodontitis: A Cross-Sectional 
Analysis. Int J Inflam. 2016;2016: 3901402. 

46. Sheth T S and  Verma S J., Analysis of aspartate aminotransferase 
in gingivalcrevicular fluid: A study with initial therapy. J Indian Soc 
Periodontol.2011; 15(3):235–239. doi: 10.4103/0972-
124X.85666. 

47. Imrey PB, Crawford JM, Cohen RL, Alves MEAF, McSwiggin TA., 
ChambersTA.,A crosssectional analysis of aspartate aminotrans-
ferase in human gingivalcrevicular fluid. J Periodontal Res.1991; 
26, 75-84. 

48. Ivic-Kardum M, Aurer A, Haban V, Aurer-Kozelj J, Szirovicza 
L.,Aspartate aminotransferasea marker of periodontal disease 
activity. CollAntropol,1999; 23, 111-116. 

49. Khiste SV, Ranganath V, Nichani AS, Rajani V., Critical analysis 
ofbiomarkers in the current periodontal practice. J Indian 
SocPeriodontol. 2011;15:104–10. doi: 10.4103/0972-
124X.84376. 

50. Ali S A,  Telgi R L,  Tirth A, Tantry I Q, and  Aleem A., 2018. Lac-
tateDehydrogenase and β-Glucuronidase as Salivary Biochemical 
Markers ofPeriodontitis Among Smokers and Non-Smokers. Sul-
tan Qaboos Univ Med J. 2018Aug; 18(3): e318–
e323.doi: 10.18295/squmj.2018.18.03.009. 

51. Todorovic T, Dozic I , Barrero M V , Ljuskovic B , Pejovic J , Mar-
janovic M ,Knezevic M., Salivary enzymes and periodontal dis-
ease. Med Oral Patol Oral CirBucal, 2006;11:E115-9. 

52. Murthy KN, Reddy VK, Veigas JM, Murthy UD., Study on wound 
healingactivity of Punica granatum peel. J. Med. Food. Sum-
mer.2004; 7[2]: 256-9. 

53. Adiga S, Tomar P, Rajput RR. Effect of Punicagranatum peel 
aqueousextract on normal, and dexamethasone suppressed 
wound healing in Wister rats.International Journal of Pharma-
ceutical Sciences Review and Research.2010;5:134–140. 

54. Toklu H.Z., Sehirli O., Ozyurt H., Mayadagli A.A., Eksioglu D.E, 
Cetinel S.,Sahin H., Yegen B.C., Ulusoylu D.M., Gokmen V., Sener 
G., Punicagranatum peel extract protects against ionizing radia-
tion-induced enteritis andleukocyte apoptosis in rats. J. Radiat. 
Res. 2009; 50, 345-53. 

55. Yan H., Peng K, Wang Q., Gu Z., Lu Y., Zhao J., Xu F., Liu Y., 
TangY., Deng F., Zhou P., Jin J., Wang X., Effect of pomegranate 
peel polyphenolgel on cutaneous wound healing in alloxan-
induced diabetic rats. Chin. Med. J.,2013; 126(9) 

56. Kaur G., Jabbar Z., Athar M., Alma M.S., Punica granatum
[pomegranate] flower extract possesses potent antioxidant 
activity and abrogatesFe-NTA induced hepatotoxicity in mice. 
Food Chem. Toxicol.2006; 44, 984-993.Alam G., Singh M.P., 
Singh A.,Wound healing potential of some medicinal plants. Int. 
J. Pharm. Sci. Rev. Res. 2011; 9: 136-145. 


