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Abstract 

In this review different analytical technique used for the analysis of 

serratiopeptidase, a proteolytic enzyme, which has recently gained 

importance as an anti-inflammatory agent are discussed. Every work has 

been done to unite all the appropriate references to the degree possible. 

The review put emphasis on the merits and demerits of the given analytical 

procedures, which will assist to give insights into the methods used for 

estimation of serratiopeptidase as such, from clinical isolates and from its 

dosage forms. The review article gives the fundamental as well as highly 

developed techniques executed for the estimation of serratiopeptidase. The 

techniques given here have been established to be useful for determination 

of serratiopeptidase and may find purpose in analyzing other related 

proteases. 

 

Keywords: Proteolytic enzymes; HPLC; Radioimmunoassay; ELISA; SDS-
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Introduction 

Proteolytic enzymes help in the metabolism of protein. 

They are obtained by human body and other living 

organisms and perform vital functions. A distinctive 

enzyme named ‘serratiopeptidase’ (Serratia E15 

protease) has evolved as one of the most important 

anti-inflammatory supplements and has EC number 

3.4.24.40 and molecular weight 52 kDa. Affiliated to 

Serralysin group of enzymes and is acknowledged to 

cleave the peptides with linkages of Asn-Gln, 

CysSO3H-Gly, Arg-Gly, and Tyr-tyr as well as the 

bond between His-Leu, Gly-Ala, Ala-Leu, Tyr-leu, 

Gly-Gly, Phen-Tyr, and Tyr-Thr.It was first obtained 

from enterobacterium Serratia sp. This microorganism 

was originally isolated in the late1960s from silkworm 

Bombyx mori L. This enzyme shows broad substrate 

specificity. This enzyme is available in the silkworm 

intestine. It is obtained by purification from 

fermentation of Serratia marcescens or Serratia sp. E 

15 [1].  

Serratiopeptidase is useful for fibrocystic breast 

disease, post-traumatic swelling, and bronchitis [2–5]. 

It can digest blood clots, dead tissue, arterial plaques, 

cysts [6]. The antiinflammatory action of this enzyme 

was first considered in Japan in 1967. From 1980s to 

1990s it was anticipated by several scientists after the 

research performed in Europe countries and Japan that 

serratiopeptidase is the most successful agent in 

reducing inflammation among all enzyme preparations 

used. Serratiopeptidase has influential anti-

inflammatory actions. It is helpful in plummeting 

swelling and edema and metabolizing disfigurement 

tissues in the body [7,8]. 

It is well known in Europe and Asia near 30 years but 

is comparatively novel in the United States and Canada 

[9]. Serratiopeptidase is used either unaided or in 

mixture with other medicines for the treatment of 

inflammation. It is established to be a better-quality 

drug than the traditional (Nonsteroidal Anti-

inflammatory Drugs) like diclofenac sodium which are 

likely to cause majority of side effects. 

Serratiopeptidase is also used in the treatment of 

chronic sinusitis, syndrome, sprains, and carpal tunnel 

[10–12]. 

Most of the studies published so far are bases on its 

production by various methods and its clinical use. A 

publication in 2004 by Baumann, et al. [13] highlights 

the, production, purification, function, and 

characterization of serratiopeptidase. The major 
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emphasis of this review article is to give different 

analytical methods currently used for the estimation of 

serratiopeptidase. Focus of this article is highlighting 

various method for estimation of serratiopeptidase, 

which may be from serum, plasma, dosage forms and 

fermentation. These novel techniques may be seen an 

increased application in the estimation of 

serratiopeptidase. 

 

Different analytical techniques for the estimation of 

serratiopeptidase 

High performance liquid chromatography 

The High-performance liquid chromatography is a 

versatile technique used for the analysis of different 

types of drugs in the present scenario. Tablets of 

serratiopeptidase, were analysed using gel filtration 

column for degradation studies. The method was 

compared against the enzymatic method and 

correlation established was presented by Hiroyoshi, et 

al. [14]. The method used for analysis of 

serratiopeptidase from blood samples from humans 

using HPLC was presented. The method embodies 

methanol and sodium acetate combination as mobile 

phase in the ratio of 4:6 (v/v) using Lichrocart cyano, 

Merck column. The estimation was executed with the 

help of UV–vis detector. Serratiopeptidase was 

quantified after 3 h while it remained in the blood for 

more than 6 has presented by Dallas et al. [15]. The 

developed method did not demonstrate any 

intervention from plasma components and recoveries 

was found to be within the defined limits.  

Afroze A et al. developed and validated a novel 

Chromatographic Method for the Simultaneous 

Estimation of paracetamol, serratiopeptidase and 

aceclofenac and by reverse phase high performance 

liquid chromatography. HPLC instrument having 

model RP-HPLC 1200 series was exploited for the 

analysis. The system embodies binary pump with auto 

sampler .C18 Column having dimentions of (4.6 × 150 

mm × 5 µm) was used as a stationary phase. Method 

was developed with the help of EZChrome Elite. 

Diode array detector was used for the estimation. 

Mobile phase embodies methanol and water in the 

proportion of (50:50). Mobile phase was passed 

through 0.42 µm nylon filter paper prior to use.In this 

method solvent conatiner and vials was rinsed with 

suitable solvents . Ultrasonication was performed for 

20 minutes and water and methanol used was of HPLC 

grade. In this method recovery studies were executed 3 

dissimilar levels of 50%, 100%, and 150% of standard 

solution in triplicate. 

Limit of detection for aceclofenac, paracetamol and 

serratiopeptidase was established to be 2.279 

µg/mL,1.475 µg/mL and 0.5714 µg/mL y and Limit of 

quantification for aceclofenac, paracetamol and 

serratiopeptidase was established to be 6.906 

µg/mL,4.4698 µg/ml and 1.7316 µg/mL respectively 

[16]. 

A New RP-HPLC Method for Simultaneous 

determination of Serratiopeptidase and diclofenac 

sodium in tablets was developed and validated by 

Ahmed et al. In this the method was developed in 

isocratic manner. The column used was WATERS 

XTERRA RP8 (4.6x150, 5 microns). The mobile 

phase embodies Ortho Phosphoric acid buffer and 

methanol in the ratio of 70:30. The developed method 

was validated by all the validation guidelines of 

linearity, limit of detection, limit of quantitation 

precision, accuracy. Wavelength of 262 nm was used 

for the detection. 

This method can be utilized for the combined dosage 

forms. In this method flow rate was preserved at 1.0 

mL/min throughout the method development process. 

The average retention time of diclofenac sodium and 

Serratiopeptidase was found to be 3.763 min and 5.480 

min, respectively. Empower-2 Software was used for 

the method development and the injection system 

consists of Rheodyne 7725i injection with loop 

capacity of 20µL and the UV- Visible – SPD 10A 

model of Vp series was used as detector. In this 

method the wavelength of maximum absorbance was 

found at 262 nm.The method was developed strictly 

according to the guidelines ICH. The Limit of 

detection for Serratiopeptidase and diclofenac sodium 

was established to be 2.2767 µg/mL and 2.810 µg/mL. 

 Method ruggedness was establibhed with the help of 

different instruments like Agilent HPLC, Shimadzu 

HPLC (LC-2010AHT), and Water’s Breeze HPLC by 

different operators using different columns of similar 

type lik, Phenomenex Gemini C18 and Hichrom C18 

etc. This method can be used for the quality control 

department in meant in industries, approved testing 

laboratories, biopharmaceutical, and bio-equivalence 

studies [17]. 

 

Radioimmunoassay (RIA) 

This technique applied for the estimation at nano levels 

is RIA, which has established to be appropriate in 

quantitative analysis of serratiopeptidase. This was 

developed by Kouichi et al. for the estimation of 

serratiopeptidase, in the range as low as 1–10 ng 

.There was few shortcomings of this technique as with 

the use of acetone solvent only this technique is 

applied to human blood samples. This technique most 
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exist in theory and has extraordinarily little practical 

application in general [18]. 

 

 

Electrophoretic methods 

Electrophoretic methods are exclusively applied to 

serratiopeptidase. Serratiopeptidase was analysed by 

SDS-PAGE and its apparent molecular weight was 

estimated in its characterization carried out by 

Ananthakrishnan et al. Its activity determination was 

done by enzymatic assay. UV-mutated strain of 

Serratia marcescens was used to procure 

serratiopeptidase [19]. The determination was done by 

caseinolytic assay as given in the Indian 

pharmacopeial monograph of serratiopeptidase. As 

stated earlier, SDS- PAGE is the favoured and the 

most common custom technique used for the 

identification of protein [20]. 

 

Liquid chromatography mass spectrometry 

Louis et al. used liquid chromatography mass 

spectrometry (LC–MS) to observe the hydrolysis of a 

peptide by serratiopeptidase produced by 

microorganism Pseudomonas aeruginosa. The peptide 

was identified by LC–MS as well as the hydrolytic 

products formed from peptide were identified. This 

also led to identification of the cleavage sites of 

serratiopeptidase. The method developed by the 

hyphenated modus operandi was not only sensitive and 

competent but also precise [21]. 

 

UV microplate method 

A analytical method widely used in the analysis of 

biomolecules Serratiopeptidase being a biomolecule, 

this technique was fruitfully demonstrated by Sandhya 

et al. The assay for various formulations was carried 

out using UV microplate reader by help of vertical 

photometry. The developed method was validated, and 

robustness studies was executed on various marketed 

formulations. The method was established to be linear 

from 1 to 4 μg/ml at 230 nm. Recovery obtained was 

found to be 97%–98% Thus the method established 

was simple, robust, novel, fast, and to use. This 

method can be useful for analysis of serratiopeptidase 

as A.P.I or from different dosage forms. and no 

interference from the excipients of tablets was 

observed [22]. 

 

Spectroscopy 

Spectroscopy is one of the oldest techniques used in 

assaying serratiopeptidase. Quantitative determination 

of serratiopeptidase as an A.P.I or in the 

pharmaceutical dosage form, with or without other 

active components. 

Patel et al. published a work on simultaneous 

estimation of serratiopeptidase and diclofenac sodium 

in tablet by UV spectrophotometric method. The 

linearity was found for both serratiopeptidase and 

diclofenac at concentrations of 7– 35 μg/mL and 100–

500 μg/mL, Diclofenac sodium was analysed at 272.4 

nm wavelength while serratiopeptidase at 275 nm 

wavelenght. Developed method was precise, rapid, 

specific, and accurate [23]. 

Parmar et al. published a work on UV 

spectrophotometric method for estimation of tablets 

containing aceclofenac and serratiopeptidase. The 

method was established to be linear in the range of 30–

70 μg/mL for aceclofenac and 100–300 μg/mL for 

Serratiopeptidase, respectively. The method was 

established to be accurate, robust, precise, and simple. 

The mobile phase used as extraction medium was 

ethanol and water mixture with limit of detection and 

limit of quantitation found to be 12.5 and 37.88 

μg/mL. for aceclofenac and and serratiopeptidase. 

Wavelength of detection for aceclofenac and 

serratiopeptidase, was 316 and 375 nm respectively 

[24]. 

Spectrophotometric analysis for the stimation of tablets 

of paracetamol, diclofenac sodium, and 

serratiopeptidase was cited by Pandya et al. [25]. In 

this a composite of methanol and water was used as the 

solvent for extraction in the ratio of 40:60 (v/v). The 

samples were scanned at 276 nm wavelength and 

analysed at 330 nm wavelength. The method was 

established to be precise,accurate and linear over three 

concentration ranges of 2–15 μg/mL, 2–30 μg/mL, and 

2–80 μg/mL for serratiopeptidase, diclofenac sodium 

and paracetamol. 

In all the above methods there is no interference of the 

excipients. Metronidazole and serratiopeptidase was 

analysed in the dosage form by Singh et al. by 

Ultraviolet derivative spectroscopy. The detection was 

carried out at wavelength of 229 and 346.5 nm, 

respectively. The method developed was found to be 

precise, simple and accurate.The developed method 

not need the segregation of metronidazole and 

serratiopeptidase [25]. 

Ultraviolet spectroscopic determination of 

serratiopeptidase was also performed by Rakibe et al. 

in which speedy estimation of diclofenac sodium and 

serratiopeptidase was executed. The detection was 

carried out at 255 and 276 nm.Linearity was found to 

be in the range of 14–24 μg/mL and 140–240 μg/mL 
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for diclofenac sodium and serratiopeptidase, 

respectively [26]. 

The spectroscopic method for analysing 

serratiopeptidase and nimesulide tablets was developed 

by Daharwal et al. [27] The estimation was performed 

at 360.5 nm and 375 nm for nimesulide and 

serratiopeptidase, respectively. 

Aishwarya et al. carried out simultaneous estimation 

and validation of serratiopeptidase and etoricoxib by 

zero and second order derivative methods in bulk and 

pharmaceutical dosage forms. In these two rapid and 

simple Ultraviolet Spectrophotometric methods (Zero 

order and second order derivative method) have been 

developed for the quantitative determination of 

Serratiopeptidase and Etoricoxib in combined 

pharmaceutical formulations with the help of water as 

a solvent. The method was developed with the aid of 

two different wavelengths for each individual drugs. 

For Etoricoxib 285nm was selected and for 

Serratiopeptidase 223nm wavelength was selected in 

method of Zero order. Linearity range was established 

to be 12-60 μg/ml and 2-10 μg/ml. Limit of detection 

was established to be 0.3963 μg/ml for Etoricoxib and 

0.0679 μg/ml for serratiopeptidase and and limit of 

quantification at 1.2009μg/ml for Etoricoxib and 

0.2060μg/ml for Serratiopeptidase, respectively. 

Second order derivative method requires estimation of 

absorbance at the wavelength of 289nm and 228nm for 

Etoricoxib and Serratiopeptidase, respectively. In this 

method the Beer’s law obeyed in the concentration 

range of 12-60μg/ml and 2-10μg/ml. In both of the 

developed methods the percentage relative standard 

deviation for precision studies executed intra-day and 

inter-day was established within 2%..Instrument 

consists of a double-beam Ultraviolet visible 

spectrophotometer of model 1800 with wavelength 

accuracy and spectral bandwidth of ±0.3 nm and 1± 0. 

2 nm, respectively [28]. 

 

Enzyme-linked immunosorbent assay (ELISA) 

In this method concentration of serratiopeptidase was 

analysed at nanogram levels. Enzyme immunoassay 

was executed by Yoshiyuki et al. in which 2,4-dinitro 

phenyl bovine albumin reaction was executed with 

serrapeptase ,in this hydrolytic splitting of 

serratiopeptidase was carried out .Linearity was found 

between 0.1 and 30 ng/mL.The method developed for 

determining bioavailability of serratiopeptidase was 

established to be precise and sensitive and reliable.and 

the lower limit of quantitation was found to be 0.1 

ng/mL [29]. 

Dominique et al. extracted alkaline protease enzyme 

from Pseudomonas aeruginosa (EC 3.4.24). 

Serratiopeptidase activity and enzymatic hydrolytic 

activity testing evaluated were ELISA [30]. 

 

Quantification of serratiopeptidase from serratia 

marcescens 

A novel isocratic liquid chromatographic method has 

been developed for quantitative determination of 

Serratiopeptidase which is accurate simple and precise. 

This newly developed method can be used for the 

determination of pharmaceutical dosage forms, in-

process samples, fermentation samples and bulk drugs. 

The chromatographic development was performed on a 

300 mm column with 7.8 mm internal diameter and 

stationary phase embodies modified silica with 

combination of phosphate buffer & acetonitrile as 

mobile phase. The flow rate was preserved at 0.5 ml 

per minute & detection was executed at 220 nm. 

stability indicating power of the method was judjed by 

executing forced degradation studies. Serratiopeptidase 

was produced by Serratia marcescens which is isolated 

& purified from its fermentation broth [31]. 

 

Transmission Electron Microscopy (TEM) and 

Standard Assay Method 

In this serratiopeptidase loaded albumin nanoparticles 

was viewed by TEM. At low magnification, the 

particles were viewed as partially aggregated, but 

pictures at higher magnification showed no 

aggregation. To estimate the enzyme activity of 

serratiopeptidase, standard assay method was utilized 

in which enzyme serratiopeptidase casein hydrolysing 

activity is estimated by measuring quantity of tyrosine 

which is liberated in the reaction. The liberated L-

tyrosine in then allowed to react with Folin-

Ciolcaltea’s Phenol Reagent and intensity of colour 

produced was estimated by Ultraviolet 

spectrophotometer at 660 nm [32]. 

 

UV visible spectrophotometric method 

UV Spectrophotometric method was developed for the 

simultaneous Analysis of diclofenac sodium and 

Serratiopeptidase in tablets and in bulk. The method 

was observed to be precise, simple, and accurate. 

Detection wavelenth was selected 264nm for 

serratiopeptidase and 275nm for Diclofenac sodium. 

Validation parameters was found to be satisfactory. 

Beer’s law was observed in the range of 5-50μg/ml for 

Diclofenac sodium and for Serratiopeptidase in the 

range of 5-50μg/ml. correlation coefficient was found 

to be 0.998 for Diclofenac sodium and 0.995 for 

Serratiopeptidase respectively.Procured from 
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enterobacterium Serratia sp. E-15, Serratiopeptidase is 

a enzyme which break the long chainlike molecules of 

proteins into shorter fragments. Serratiopeptidase is 

useful in thrombosis and haematoma.Nowadays this 

enzyme is produced by fermentation process. 

In this method UV Spectrophotometer Model: 

Shimadzu UV-1700 was used for the estimation. 

Analytical balance model Shimadzu, AX 200 was used 

[33]. 

 

HPTLC 

A HPTLC Method was developed for Simultaneous 

Estimation of Diclofenac Potassium and 

Serratiopeptidase in Pharmaceutical Dosage Form. In 

this method separation was performed on precoated 

silica gel 60 F254 aluminium plate as stationary phase 

and n-Hexane: Toluene: Methanol (6.0: 2.5:1.5 v/v/v) 

as mobile phase. The method validation was carried 

out for parameters like specificity, precision, LOD, 

linearity, accuracy and LOQ. The method was 

developed at 260 nm. Wavelength which includes 

densitometric scanning. The % assay of formulation 

was 100.35 Â± 0.5379 and 99.93 Â ± 0.7637 % of 

Diclofenac Potassium and Serratiopeptidase, 

respectively. Beer’s law obeyed in concentration range 

of 100-500 ng/spot and the developed methods was 

found to be accurate, simple, and and is helpful in the 

analysis. 40-200 ng/spot in methanol for Diclofenac 

Potassium and Serratiopeptidase respectively The Rf 

values was established to be 0.2183 Â ± 0.0040 and 

0.5966 Â ± 0.0051 for Diclofenac Potassium and 

Serratiopeptidase. The % assay of marketed 

formulation was 100.35 Â ± 0.5379 and 99.93 Â± 

0.7637 % (2061.90 units/mg) of Diclofenac Potassium 

and Serratiopeptidase respectively [34]. 

 

SDS-PAGE analysis of serratiopeptidase (STP) 

enzyme 

The serratiopeptidase enzyme activity was analysed. 

molecular weight was determined of by SDS PAGE 

analysis The purified serratiopeptidase enzyme was 

subject to sodium dodecyl sulphate- poly acrylamide 

gel electrophoresis (SDS-PAGE) with lower separating 

gel (pH 8.8), upper stacking gel (pH 6.8) and 16.6% 

acrylamide concentration. A protein molecular weight 

marker of broad range–(Medox- MX -0211-01) was 

exploited to evaluate with the purified 

serratiopeptidase enzyme for the estimation of the 

molecular weight of serratiopeptidase and 

confirmation of the enzyme. 

The serratiopeptidase enzyme was observed as a major 

separating protein on the electrophoresed poly 

acrylamide gel stained with Coomassie brilliant blue 

along with other minor protein impurities as the 

enzyme was not fully purified. On contrast with the 

protein molecular weight marker the serratiopeptidase 

was established to have a molecular weight of in the 

order of 52Kda. 

 

Gelatine clearing zone technique 

The serratiopeptidase enzyme activity was estimated in 

accordance with the gelatin clearing zone (GCZ 

technique of Elwan et al. which was standardized later 

by Ammar et al., 1998). In this technique soluble 

gelatin (1 % w/v) was emulsified and supplemented 

with (1.5 % w/v) bacto-agar. pH was adjusted as 

required with proper buffer (e.g. phosphate buffer at 

pH 7.0). Cups (wells) were made (3 cups optimal) in 

each plate. Equal amounts (0.1ml suitable) of extracted 

enzyme (or enzyme solution) to be assayed were 

introduced into each cup. The plates could incubate at 

35 ºC for 24 h. After incubation, the plates were 

inundated with previously prepared mercuric chloride 

(HgCl) in hydrochloric acid solution (HgCl, 15g and 

20 ml of 6N Hydrochloric acid completed to 100 ml -1 

with distilled water) and the gelatin clearing zones 

mean diameters was deliberated. The enzyme 

production was then expressed in terms of units/ml 

using a special standard curve constructed for such a 

purpose [35]. 

 

Conclusion 

In this review article different techniques for the 

estimation of serratiopeptidase are dealt with. 

Serratiopeptidase estimation by various techniques 

highlights its modern usage. All the merits and 

demerits of the developed method are given. These 

techniques may be useful in determining other 

proteases enzymes like Serratiopeptidase. In this 

modernize era a comparative outlook of different 

analytical methods should be considered by giving due 

consideration to the economy of method of estimation. 
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