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ABSTRACT: Introduction: Proteolytic enzymes like serratiopeptidase, trypsin and 

chymotrypsin are used for prolonged period for edema resolution in post-operative 

patients, arthritis, tooth extraction etc. either alone or with other anti-inflammatory 

agent. Various trials have supported and refused the role of enzymes as anti-

inflammatory agents. No study was found for analgesic property of proteolytic 

enzymes. Aims: This study was designed to investigate the anti-inflammatory and 

analgesic activity of these three proteolytic enzymes alone and in combination with 

diclofenac at therapeutic doses. Methods and Material: Carrageenan induced paw 

edema was used for acute inflammation. Edema was measured with the help of 

plethysmometer at 0 hour and 3 hour. Modified formalin test was used to evaluate 

the analgesic property. 1% formalin was injected into the forepaw and scoring was 

done by appropriate and standard method. Statistical Analysis: Edema changes of 

hind paw and licking duration in seconds of a fore paw with different treatments 

were compared with one-way ANOVA followed by Tukey-Kramer multiple 

comparison test with the help of graph pad instat software. Result: Reduction in 

edema was significant (p<0.05) with proteolytic enzymes alone as well as in 

combination with diclofenac. Neither phase of formalin test was reduced 

significantly by proteolytic enzymes alone although second phase was reduced 

significantly when combined with diclofenac. Conclusion: Serratiopeptidase, 

trypsin and chymotrypsin has significant anti-inflammatory activity alone as well as 

in combination with diclofenac. These proteolytic enzymes do not have any 

analgesic activity but they potentiate the peripheral analgesic activity of diclofenac at 

therapeutic equivalent doses. 

INTRODUCTION: Inflammation is nature’s 

double edged sword. Nonsteroidal anti-

inflammatory drugs (NSAIDs) are commonly used 

to control pain and inflammation but they also have 

side effects 
1, 3

. Proteolytic enzymes are used 

commonly for their anti-inflammatory property.  
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Various clinical trials have confirmed the role of 

serratiopeptidase as anti-inflammatory agent. 

Serratiopeptidase and chymotrypsin is used to 

control inflammation in airway diseases, 

osteoarthritis, carpal tunnel syndrome, dental 

extraction and cataract surgery alone and in 

combination with other agents 
4, 9

. These 

proteolytic enzymes are commonly used in 

combination with conventional NSAIDs like 

diclofenac. Serratiopeptidase, trypsin and 

chymotrypsin are studied alone as well as in 

combination with NSAIDs for their anti-

inflammatory property but not for their analgesic 

property. So this study was primarily aimed to 
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evaluate whether these proteolytic enzymes have 

anti-inflammatory and analgesic property alone and 

synergistic activity with diclofenac at therapeutic 

doses as claimed?   

 

MATERIALS AND METHODS: 

The study protocol was approved by institutional 

animal ethics committee. Wistar albino rats of 

either sex weighing 200-300gms were used for the 

study. Animals were housed in a room with the 

temperature at 25+1
0
C with alternating 12 hour 

light dark cycle. They were subjected to standard 

diet and water ad libitum. 

 

Trypsin and chymotrypsin, Serratiopeptidase and 

Diclofenac were used in the study. 

 

The therapeutic doses of all the drugs were 

converted to rat equivalent with the help of 

conversion table 
10, 11

. All the drugs were dissolved 

in normal saline. To study anti-inflammatory and 

analgesic activity rats were divided into fourteen 

groups, seven for both property and each group 

containing six rats. All the treatments were given 

orally with the help of the rat gavage canula. As 

trypsin and chymotrypsin are available in 

combination in market, here also they were used in 

combination. 

 

Group 1: Control group, 0.3ml normal saline. 

 

Group 2: Diclofenac-15mg/kg. 

 

Group 3: Serratiopeptidase-3mg/kg. 

 

Group 4: Trypsin-5.76 mg/kg. 

 

Group 5: Chymotrypsin-36mg/kg. 

 

Group 6: Diclofenac-15mg/kg with 

Serratiopeptidase-3mg/kg. 

 

Group 7:  Diclofenac-15mg/kg with Trypsin-

5.76mg/kg and Chymotrypsin-36mg/kg. 

 

Anti-inflammatory activity: 

To study anti-inflammatory activity, carrageenan 

induced rat hind paw edema model was used 
12

. 

0.1ml of 1% λ-Carrageenan made into normal 

saline was injected into subplanter space in the 

right hind paw of all rats. The rats were marked 

with black ink at right lateral malleolus.  Drugs 

dissolved in normal saline were given half an hour 

before the injection of carrageenan. Paw volumes 

of all the rats were measured before giving an 

injection of carrageenan which was considered as 0 

minute reading. The second reading was taken at 3 

hours. Percentage inhibition was calculated by 

using the following formula 
13

:
 
 

 

Eqn. l: Percent swelling = (V-Vi/Vi) ×100, where 

V is the paw volume 3 h after the carrageenan 

injection, and Vi is the initial paw volume. The 

average paw swelling in the group of the drug-

treated rats were compared with control rats and the 

percent of inhibition of the edema formation was 

determined using, 

 

Eqn. 2: Percent inhibition = [1-percent swelling of 

drug treated group/percent swelling of control 

group] ×100. 

 

Analgesic activity: 
Modified formalin test in rats was used to study 

analgesic activity 
14

. Animals show two phases 

(biphasic) of nociceptive behavior involving two 

different stimuli when formalin is injected. The 

first phase starts immediately after injection of 

formalin and lasts for 3-5minutes. This occurs due 

to chemical stimulation of nociceptors causing C-

fiber activation. Second late phase starts after 

15minutes of formalin injection and last for 20-

40minutes. This phase appears due to combination 

of an inflammatory reaction in the peripheral tissue 
15

. 

 

Pain intensity was rated according to following 

numerical scale 
16

. 

 

T0 - Both fore paws are placed on the floor and 

weight is evenly distributed. 

 

T1 - The injection paw rests lightly on the floor or 

on another part of the animal’s      body and little or 

no weight is placed upon it. 

 

T2 - The injected paw is elevated and not in contact 

with any surface. The uninjected paw is placed 

firmly on the floor. 
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T3 - The injected paw is licked, bitten or shaken, 

while the uninjected paw is not. 

 

To study analgesic activity 0.05 ml of 1% formalin 

was injected in right front paw of rat 

subcutaneously. Seven groups were used for this 

study. Rats were given above described treatments 

thirty minutes before injecting formalin. 

 

The rats were observed for 60 minutes after the 

injection of formalin and the amount of time 

(second) spent in each scale (0, 1, 2 and 3) was 

recorded. Ratings are averaged over five minute 

block. Numerical ratings are calculated from the 

following formula: 

 

Eqn 3: Pain rating =T1+2T2+3T3 

      300    

Where T1, T2 and T3 are durations in seconds 

spent in each five minute block. 

 

Statistical analysis: 

Edema changes of the hind paw (anti-inflammatory 

activity)  and licking duration in seconds (analgesic 

activity) of a fore paw with different treatments 

were compared with one-way ANOVA followed by 

Tukey-Kramer multiple comparison test with the 

help of graph pad instat software.
 

 

RESULTS:
 

In acute inflammation model 

carrageenan induced paw edema was significantly 

(p<0.05) reduced by all proteolytic enzymes 

compared to control. Table 1 shows the percentage 

inhibition of edema by serratiopeptidase, trypsin 

and chymotrypsin was 44%, 35% and 40% 

respectively. The percentage inhibition of edema 

by diclofenac was 46%. Serratiopeptidase when 

combined with diclofenac shows inhibition of 60% 

which is significant to both control and diclofenac 

alone also. Combination of Trypsin and 

chymotrypsin when used with diclofenac shows 

inhibition of 64% which is significant compared to 

control and diclofenac.
 

 
 
TABLE 1: COMPARISON OF PAW EDEMA AT 3 HOUR. 

S. No Treatment Dose 

Mg/kg 

Edema(ml) 

Mean+SEM 

%inhibition 

1 Control (Normal saline) 0.3ml 1.58+0.02 _ 

2 Diclofenac 15 1.19+0.03 46%* 

3 Serratiopeptidase 3 1.36+0.02 44%* 

4 Trypsin 5.76 1.42+0.01 35%* 

5 Chymotrypsin 36 1.37+0.02 40%* 

6 Diclofenac+Serratiopeptidase 15 + 3 1.05+0.05 60%*# 

7 Diclofenac+Trypsin+Chymotrypsin 15 + 5.76 + 36 1.02+0.01 64%*# 

n=6 in each group 

*, # p<0.05 (one way-ANOVA and Tukey-Kramer multiple comparison test), 

*- significant compared to the control 

#- significant compared to Diclofenac 

  

 
FIG.1: BIPHASIC RESPONSE WITH MODIFIED FORMALIN TEST 

n=6 in each group 

*, # p<0.05 (one way-ANOVA and Tukey-Kramer multiple comparison test) 

*- significant compared to Control 

#- significant compared to Diclofenac 

D+S (Diclofenac+ Serratiopeptidase) 

D+T+C (Diclofenac+Trypsin+Chymotrypsin) 
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In modified formalin test, biphasic responses were 

seen. Fig.1 shows proteolytic enzymes reduced the 

second phase of the formalin test but not the first 

phase although reduction of the second phase was 

not significant. Diclofenac inhibited the second 

phase significantly but it was not effective in 

reducing the first phase. The addition of proteolytic 

enzymes to diclofenac resulted in further inhibition 

of the second phase while phase 1 remains 

unaffected. This inhibition is significant compared 

to control and diclofenac alone. 

 

DISCUSSION: Proteolytic enzymes have been 

promoted by the pharmaceutical companies since 

long time and they are also being used by the 

medical community. Diclofenac like agents are 

principally used to control pain and inflammation 

in various inflammatory conditions. Proteolytic 

enzymes are used either alone or in combination 

with other anti-inflammatory agents.  Few studies 

have supported the role of proteolytic enzymes as 

anti-inflammatory agents while few have made 

doubt 
17, 18

. Swamy et al (2008) has shown that 

proteolytic enzymes have anti-inflammatory 

activity and exhibits synergistic effect with aspirin 

in both acute and subacute models of inflammation 

in rats 
11

.    

 

The findings of the present study indicate that 

serratiopeptidase, trypsin and chymotrypsin have 

suppressed the inflammation significantly. The 

probable mechanisms of anti-inflammatory activity 

are neutrophils apoptosis, inhibition of neutrophils 

migration at inflammatory site, inhibition of 

bradykinin synthesis, and clearing inflammatory 

debris 
19-21

. Combining these proteolytic enzymes 

with diclofenac gives additional anti-inflammatory 

activity which means these enzymes may have 

potentiated the anti-inflammatory activity of 

diclofenac. 

 

Analgesic property of these proteolytic enzymes 

has not been explored. The modified formalin test 

was used because it allows even weak analgesics to 

be detected. It shows phase-1 and phase-2 due to 

stimulation of nerve endings and inflammation 

respectively. Analgesics like opioids are effective 

in inhibiting the phase-1 while NSAIDs like 

analgesics are effective in inhibiting phase-2 
15, 16

.  

Results of analgesic property by modified formalin 

test shows that they are not effective analgesics as 

neither phase of biphasic response were suppressed 

significantly except slight lowering of second 

phase. This suggests that they have poor peripheral 

analgesic action. The mechanism may be inhibition 

of bradykinin synthesis which may interfere with 

sensitization of peripheral nerve endings which 

leads to mild peripheral analgesic action 
19

. 

Addition of these proteolytic enzymes to diclofenac 

leads to greater analgesia as their analgesic action 

adds up. 

 

CONCLUSION: The observation of the present 

study indicates that serratiopeptidase, trypsin and 

chymotrypsin   have anti-inflammatory activity at 

therapeutic doses but they are not effective as 

analgesic. Combination of these proteolytic 

enzymes with diclofenac should be preferred over 

only proteolytic enzymes as greater anti-

inflammatory and analgesic action is achieved. 

 

ACKNOWLEDGEMENT: We are very thankful 

to our colleagues and teachers for their constant 

support during present research.  

 

CONFLICT OF INTEREST: None 

 

REFERENCES: 

1. Gor AP, Saksena M. Adverse drug reactions of 

nonsteroidal anti-inflammatory drugs in orthopedic 

patients.  J Pharmacol Pharmacother 2011; 2(1):26-9. 

2. Titchen T, Cranswick N, Beggs S. Adverse drug reactions 

to nonsteroidal anti-inflammatory drugs, COX-2 inhibitors 

and paracetamol in a paediatric hospital. Br J Clin 

Pharmacol 2005;59(6):718-23. 

3. Lapeyre-Mestre M, Grolleau S, Montastruc JL. Adverse 

drug reactions associated with the use of NSAIDs: a 

case/noncase analysis of spontaneous reports from the 

French pharmacovigilance database 2002-2006. Fundam 

Clin Pharmacol 2011. 

4. Nakamura S, Hashimoto Y, Mikami M et al. Effect of the 

proteolytic enzyme serrapeptase in patients with chronic 

airway disease. Respirology 2003; 8(3):316-20. 

5. Klein G, Kullich W. Short-Term Treatment of Painful 

Osteoarthritis of the Knee with Oral Enzymes: A 

Randomised, Double-Blind Study versus Diclofenac. Clin 

Drug Investig 2000; 19(1):15-23. 

6. Malshe PC. A preliminary trial of serratiopeptidase in 

patients with carpal tunnel Syndrome. J Assoc Physicians 

India 2000; 48(11):1130. 

7. Chopra D, Rehan HS, Mehra P, Kakkar AK.  A 

randomized, double-blind, placebo-controlled study 

comparing the efficacy and safety of paracetamol, 

serratiopeptidase, ibuprofen and betamethasone using the 

dental impaction pain model. Int J Oral Maxillofac surg 

2009; 38(4):350-5. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gor%20AP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Saksena%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21701643
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Titchen%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cranswick%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Beggs%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/15948937
http://www.ncbi.nlm.nih.gov/pubmed/15948937
http://www.ncbi.nlm.nih.gov/pubmed/15948937
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lapeyre-Mestre%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grolleau%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Montastruc%20JL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21929527
http://www.ncbi.nlm.nih.gov/pubmed/21929527
http://www.ncbi.nlm.nih.gov/pubmed/21929527
http://www.unboundmedicine.com/medline/ebm/author/Nakamura_S
http://www.unboundmedicine.com/medline/ebm/author/Hashimoto_Y
http://www.unboundmedicine.com/medline/ebm/author/Mikami_M
http://www.unboundmedicine.com/medline/ebm/journal/Respirology
http://www.unboundmedicine.com/medline/ebm/author/Malshe_PC
http://www.unboundmedicine.com/medline/ebm/journal/J_Assoc_Physicians_India
http://www.unboundmedicine.com/medline/ebm/journal/J_Assoc_Physicians_India
http://www.unboundmedicine.com/medline/ebm/journal/J_Assoc_Physicians_India
http://www.unboundmedicine.com/medline/ebm/author/Chopra_D
http://www.unboundmedicine.com/medline/ebm/author/Rehan_HS
http://www.unboundmedicine.com/medline/ebm/author/Mehra_P
http://www.unboundmedicine.com/medline/ebm/author/Kakkar_AK


Mundhava et al., IJPSR, 2016; Vol. 7(6): 2615-2619.                                   E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              2619 

8. Al-Khateeb TH, Nusair Y. Effect of the proteolytic 

enzyme serrapeptase on swelling, pain and trismus after 

surgical extraction of mandibular third molars. Int J Oral 

Maxillofac Surg 2008; 37(3):264-8. 

9. Mitsui Y, Takagi Y. Use of alpha-chymotrypsin in cataract 

surgery with special reference to the duration of 

application. Indian J Ophthalmol 1961; 9(2):25-9. 

10. Shannon RS, Nihal M, Nihal A. Dose translation from 

animal to human studies revisited. The FASEB J 2007; 

22:659-61. 

11. Swamy V, Patil PA. Effect of some clinically used 

proteolytic enzymes on inflammation on rats. Indian J 

Pharm sci 2008; 70(1):114-7. 

12. Prakash J, Tyagi P. Anti-inflammatory agents. In, Gupta 

SK(ed).  Drug screening methods (pre clinical evaluation 

of new drugs), 2nd edition. New Delhi, Jaypee brothers 

medical publishers Ltd 2009; 480-97. 

13. Gupta GD, Gaud RS. Anti-inflammatory activity of 

tenoxicam gel on carrageenan-induced paw edema in rats. 

Indian J Pharm Sci 2006; 68:356-9. 

14. Gupta R. Analgesic agents. In, Gupta SK(ed). Drug 

screening Methods (pre clinical evaluation of new drugs). 

2nd edition. New Delhi, Jaypee brothers medical publishers 

Ltd 2009; 461-79. 

15. Shibata M, Ohkubo T, Takahashi H, Inoki R. Modified 

formalin test characteristic biphasic pain response. Pain 

1989; 38(3):347-52. 

16. Mosaddegh MH, Ghasemi N, Mosaddegh A, Hejazian SH. 

Antinociceptive effect of Spartium junceum L. extract on 

mouse using formalin test. World Applied Science Journal 

2008; 3(2):223-6. 

17. Jose RM, Sivasubramanian K. Use of oral enzyme 

preparations: Is there any evidence?  Indian J Plastic Surg 

2004;37:80 

18. Serratiopeptidase - finding the evidence [Internet] 2004 

April04 cited 2011 Nov 8. Available from: 

http://www.medicine.ox.ac.uk/bandolier/booth/alternat/ser

rapep.html 

19. Ferreira SH, Rocha M. Liberation of a bradykinin-like 

substance in the circulating blood of dogs by trypsin, 

chymotrypsin and nagarse. Br J Pharmacol 1969; 

36(3):611–22. 

20. Trevani AS, Andonegui G, Giordano M, Nociari M, 

Fontán P, Dran G et al. Neutrophil apoptosis induced by 

proteolytic enzymes. Lab Invest 1996; 74(3):711-21. 

21. Jutila MA, Kishimoto TK, Finken M. Low-dose 

chymotrypsin treatment inhibits neutrophil migration into 

sites of inflammation in vivo: effects on Mac-1 and MEL-

14 adhesion protein expression and function. Cell 

Immunol 1991; 132(1):201-14. 
 

 

 

 

 

 

 

 

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Playstore) 

How to cite this article: 

Mundhava SG, Mehta DS and Thaker SJ: A Comparative Study to Evaluate Anti-Inflammatory and analgesic activity of commonly used 

Proteolytic Enzymes and their Combination with Diclofenac in Rats. Int J Pharm Sci Res 2016; 7(6): 2615-19.doi: 10.13040/IJPSR.0975-

8232.7(6).2615-19. 

 

http://www.unboundmedicine.com/medline/ebm/author/Al-Khateeb_TH
http://www.unboundmedicine.com/medline/ebm/author/Nusair_Y
http://www.unboundmedicine.com/medline/ebm/journal/Int_J_Oral_Maxillofac_Surg
http://www.unboundmedicine.com/medline/ebm/journal/Int_J_Oral_Maxillofac_Surg
http://www.unboundmedicine.com/medline/ebm/journal/Int_J_Oral_Maxillofac_Surg
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Shibata%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ohkubo%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Takahashi%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Inoki%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.medicine.ox.ac.uk/bandolier/booth/alternat/serrapep.html
http://www.medicine.ox.ac.uk/bandolier/booth/alternat/serrapep.html
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Trevani%20AS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Andonegui%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Giordano%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nociari%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Font%C3%A1n%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dran%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/8600321
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jutila%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kishimoto%20TK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Finken%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/2065357
http://www.ncbi.nlm.nih.gov/pubmed/2065357
http://www.ncbi.nlm.nih.gov/pubmed/2065357

