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To recover as much collagen as feasible to meet market demand, more efficient and sustainable sources 

should be exploited instead of mammalian collagen. One of the most effective potential sources of high-

quality collagen is fish wastes, which represent over 75% of a fish’s weight and is produced in huge 

quantities all over the world, during fish processing. This waste includes skin, bones, scales, viscera, 

ligaments and fins. Consequently, collagen extracted from fish wastes is environmentally friendly, 

sustainable, and especially profitable when using fish industry by-products as possible sources of the 

material. Furthermore, different socio-political groups consider collagen extracted from marine resources 

as religiously acceptable, making it more valuable in all industry sectors. The purpose of this paper was 

to analyse the rheological behaviour of collagen gel extracted from perch (Perca fluviatilis) skin and to 

evaluate the therapeutic effect of spongious matrix (obtained through freeze-drying process of the gel 

extracted from perch skin) in the healing process of an induced burn in an animal model (Wistar rats).  

Keywords: perch skin collagen, rheological analysis, in vivo animal analysis.  

INTRODUCTION 

Studies on the extraction of collagen from fish waste were initiated over two decades ago. 

One of the most prevalent proteins in mammals is collagen, which is present in the extracellular 

matrix of connective tissues such as blood vessels, skin, bones, tendons, ligaments, cartilage, 

and intervertebral discs (Nimni & Harkness, 2018). Collagens play regulatory roles (i.e., 

through mechano-chemical transduction processes) during tissue growth and repair in addition 

to their involvement in the preservation and strength of tissue architecture (Mahmood et al., 

2022). Collagens are inherently bioactive, biocompatible, and biodegradable due to their nature. 

Collagens considered as the most widely needed and used biomaterials across a wide range of 

industries, including the food, pharmaceutical, medical, cosmetic, and nutraceutical sectors. 

Collagens can be found in injectable solutions, thin substrates, porous sponges, nanofibrous 

matrices, and micro- and nano-spheres.  

Despite the fact that fish collagen normally has a lower molecular weight and denaturation 

temperature than mammalian collagen, recent studies have shown that the molecular structure 

and biochemical properties of collagen derived from fish and mammalian sources are very 

similar (El Blidi et al., 2021; Xu et al., 2021). Multiple ways of extracting fish collagen have 

been established based on the type of tissue and fish species that are being exploited. Currently, 
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in the literature, there are not so many studies, as we know, regarding marine collagen extracted 

from perch (Perca fluviatilis) skin used for biomaterials synthesis, such as wound dressings. 

In this respect, understanding the flow properties of perch collagen gels represents a key 

factor, due to the influence of these properties upon manufacturing technology, quality control, 

stability during storage, type of use, and therapeutic activity (Ghica et al., 2012). 

The objective of this paper is represented by the rheological evaluation of collagen 

extracted from perch (Perca fluviatilis) skin, and pre-clinical tests of corresponding collagen 

spongious matrix (in vivo animal analysis) used for biomaterials synthesis, such as wound 

dressings. 

MATERIALS AND METHODS 

Materials 

The fresh perch skin was bought from a local fishing company. The fresh skin was washed 

with cold distilled water in the first step. After washing, several treatments (acidic and alkaline) 

followed in order to extract collagen gel. The acid used for acidic treatment was ascorbic acid 

(Scharlau, Sentmenat, Spain). 

Collagen gel extracted from perch skin through various treatments was rheological 

analysed. The extracted perch gel was poured in a glass Petri dish and freeze-dried for 48 hours 

using the Martin Christ 24 Delta LSC freeze-dryer (Martin Christ Gefriertrocknungsanlagen 

GmbH, Osterode am Harz, Germany) (Albu et al., 2010) to obtain the collagen spongious 

matrix. The collagen sponge resulted from lyophilization was subsequently in vivo animal 

tested. The animals were obtained from the biobase of the “Carol Davila” University of 

Medicine and Pharmacy, Bucharest, Romania. 

Methods 

Rheological Evaluation of Perch Collagen Gel  

The rheological determination of the perch collagen gel was carried out with the RM100 

PLUS rheometer (Lamy Rheology Instruments, France), using the MS-DIN11 coaxial cylinder 

measurement system. The temperature of the rheological analysis was kept constant at 

24°±0.1°C (conditioning temperature of semisolid formulations), using a circulating water bath 

(Julabo Corio CD). During the experiment, the gel must be kept at a constant temperature 

because the rheological properties are strongly dependent on temperature. The experimental 

program was set-up from the RheoTex software. To determine the flow properties of the 

collagen gel, the limits for the shear rate were chosen between 0.4 and 78 s-1, corresponding to 

rotational speeds in the range of 0.3-60 rpm.  

Evaluation of the Spongious Matrix Therapeutic Effect in Healing Process on Animal Model  

The in vivo study of therapeutic effect of the collagen sponge, extracted from perch skin, 

in the healing process of an induced burn to an animal model (Wistar rats), was carried out in 

accordance with Directive 2010/63/EU (Council of the European Union) and Law no. 43 

(Romanian Parliament - April 11, 2014). 

This study was performed on 12 Wistar male rats, weighing about 180 ± 10 g, kept under 

regular laboratory conditions (they received water ad libitum and food twice a day). The 

experiment was carried out in “Carol Davila” University of Medicine and Pharmacy, Bucharest, 

Romania with the agreement of the Ethics Committee no. 21226/ 26.07.2023. The animals were 

distributed into two groups of 6 animals each: group 1 – collagen perch matrix (COLL_A) and 
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group 2 – control (the wounds were covered with sterile gauze). The in vivo experiment was 

carried out as previously described (Ghica et al., 2017; Udeanu et al., 2018; Marin et al., 2018). 

Shortly, in order to properly perform the experiment, the animals were anesthetized with ethyl 

ether, and the hair in the dorsal area was removed. On this shaved surface, the experimental 

lesion was induced using a metallic accessory with a diameter of 1 cm, previously heated in a 

physiological solution, at the point of boiling. The metallic accessory was applied to the skin 

for 10-15 seconds. Afterwards, the collagen spongious matrix obtained from perch gel and the 

sterile gauze were applied on the experimentally induced injuries, being fixed with a silk 

bandage. The evolution monitoring of healing process was observed with a digital camera and 

the diameter of the lesion was measured at different intervals of time for a period of 16 days. 

RESULTS AND DISCUSSION 

Rheological Evaluation of Perch Collagen Gel 

The results of the rheological study obtained for collagen gel from perch skin 

(GEL_COLL_A), tested at a temperature of 24°C, led to flow profile plotted as 

viscosity versus shear rate as shown in Figure 1.  

 

Figure 1. Flow profile – viscosity versus shear rate of GEL_COLL_A, recorded at 24°C 

According to the rheogram illustrated in Figure 1, it can be seen that the viscosity of the 

tested gel decreases when the shear rate increases (Popa et al., 2021), suggesting a non-

Newtonian pseudoplastic (shear-thinning) behaviour at 24°C. This rheological feature can be 

explained by the deformation or orientation of the gel molecular network that are induced by 

the shear succeeding the flow direction. This effect can become more detectable when the shear 

rate increases, inducing a decline of the internal friction considering the less interaction between 

the molecules (Tudoroiu et al., 2023).  

The mathematical model used to quantify the shear-thinning behaviour of the perch 

collagen gel was the Power Law model that describes two principal parameters: m - consistency 

index factor, and n - flow behaviour index. The constitutive equation of Power Law model is 

presented by Equation (1) as follows: 

nm − =                                                                                  (1) 

The m parameter can be attributed to a Newtonian material viscosity for a shear rate value 

of 1∙s-1. On the other side, n parameter indicates the pseudoplasticity degree of a semisolid 

formulation. Its values range between 0 and 1, and it is dimensionless; accordingly, a material 

is more pseudoplastic when its n value is lower than 1 (Tudoroiu et al., 2023). Both rheological 
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parameters are evaluated through the linearization of the previous equation by double logarithm. 

The Power Law model parameters values for the perch collagen gel tested at 24°C are listed in 

Table 1.  

Table 1. Values of Power Law model parameters for the perch collagen gel, analyzed at 24°C  

Gel m  n  R2 

GEL_COLL_A 6.795 0.68 0.9990 

 

According to Table 1, the determination coefficient R2 value higher than 0.99 illustrates 

that the previously described mathematical model is adequate to properly fit the experimental 

data. Considering that the pseudoplasticity degree is greatly influenced by the value of the flow 

index, it can be noticed that the GEL_COLL_A sample has a n parameter value closer of 0.68, 

indicating a moderate pseudoplasticity character. The pseudoplastic behaviour represents a 

fundamental requirement for a semisolid formulation that is addressed for topical use, because 

this property allows a proper flow of the gel when it is expelled from the conditioning container, 

and when it is administered on skin surface.  

An important rheological feature of certain dispersed pharmaceutical formulations is the 

dependence of the shear stress - shear rate relation on shearing time, but also on their earlier 

exposure to a shear stress. Accordingly, the formulation viscosity suffers modifications with 

the shear rate, but if the pharmaceutical system is maintained at rest long enough, its viscosity 

can restore to the initial value, the modification being reversible. Therefore, this behaviour 

named thixotropy represents the progressive decrease of a pharmaceutical system viscosity and 

consequently of its shear stress as a consequence of the agitation caused to the system through 

shear. After a more or less extended rest period, the pharmaceutical system recovers the 

rheological characteristics and restores its initial structure, which was impaired during the 

continuous shear measurements. The thixotropy is a characteristic of dispersed formulations 

with plastic and pseudoplastic flow (Ghica et al., 2012).  

To study this type of flow, the rheogram shear stress as a function of shear rate is plotted, 

which corresponds to the ascending, Sasc (forward) curve for increasing shear rate values, and 

to descending, Sdesc (backward) curve for decreasing shear rate values. For the same shear rate, 

the points on the backward curve are correlated with smaller shear stress values compared to 

those on the forward curve. Thus, the thixotropy hysteresis loop is obtained.  

The rheological profiles corresponding to the ascending and descending curves were built 

in order to assess the thixotropic behaviour of the perch collagen gel, tested at 24°C (Figure 2). 

 

Figure 2. Ascending and descending shear rate versus shear stress curves of perch collagen 

gel, recorded at 24°C 
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Figure 2 shows that the perch collagen gel exhibits a thixotropic behaviour at 24°C, 

because the descending curve is placed below the ascending one, suggesting that the shear stress 

corresponding to the backward curve is lower at the same shear rate value.  

The thixotropy phenomenon can be described by two main descriptors: 

➢ thixotropy area (Sthix) represents the area between the ascending and descending 

curve; 

➢ thixotropy index (Thyst%) defines the thixotropy relative area, which can be 

determined as percentage of the by the stirring at maximum rotational speed 

depending on the ascending area. Consequently, a system is more thixotropic if the 

thixotropy rheoimpaired area index value is greater than 5% (Tudoroiu et al., 2022). 

The corresponding values of the thixotropic descriptors for GEL_COLL_A sample, 

analyzed at 24°C, are shown in Table 2. 

Table 2. Values of thixotropic descriptors for perch collagen gel, tested at 24°C  

Gel Sasc (Pa∙ s-1) Sdesc (Pa∙ s-1) Sthix (Pa∙ s-1) Thyst% (%) 

GEL_COLL_A 1490.685 1104.387 386.298 25.92 

 

According to Table 2, the value of the thixotropy index is much higher than 5% for 

GEL_COLL_A sample, which means that the tested semisolid system presents a strong degree 

of thixotropy at 24°C.  

Evaluation of the Spongious Matrix Therapeutic Effect in Healing Process on Animal 

Model 

In Figure 3 are illustrated the macroscopic images regarding the evolution of the healing 

process, recorded for each group for 16 days.  

 

Figure 3. Evolution of the healing process of Wistar rats’ lesions without treatment (Control 

group), and after treatment with spongious matrix from perch gel, at different time intervals 

As it can be noticed in Figure 3, on the first day when the burn was induced, the injury 

can be described as a white eschar, with epidermal and dermal tissue destruction, and a 

hyperemic area that highlights the presence of an inflammatory process (Marin et al., 2018). 

According to the above images, the application of collagen spongious matrix, based on collagen 

extracted from perch skin, led to an acceleration of the healing process compared to the control 

group.  

On the second day of investigation, it was found that the application of collagen spongious 

matrix conduced to the absorption of the exudate from the wounds. Consequently, on 4th day of 

animal observation, the initiation of the healing process at the edges of the lesions can be 

observed. Thereby, seven days after the induction of the burns, the complete formation of the 

scab for both groups can be noticed.  

The evaluation of the healing process was carried out by measuring the dimensions of the 

wound and was calculated according to Equation (2): 
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=                                                                                                    (2) 

where W (wound size) generally represents the average of the largest and smallest lesion size, 

Wi - initial size of the wound, and Wt - wound size at different intervals of time. The healing 

process was calculated according to Equation (2) and its evolution is shown in Figure 4. 

 

Figure 4. Evolution of the wound healing process after treatment with perch collagen 

spongious matrix and for untreated animals (control group) 

According to Figure 4, after 11 days of observation, the lesions size reduced by 27.5% 

for the animals treated with perch collagen spongious matrix (COLL_A group) compared to the 

control group, where the wounds size reduced by only 12.5%. On 14th day of observation, the 

wounds size decreased by more than 40% for the COLL_A sample, while for the control group, 

the lesions dimension decrease was by 32.5%. On the last day of observation, the injuries size 

reduced by 95% for animals treated with the COLL_A sample, the animals being almost healed 

compared to the control group where the reduction of the animals’ injuries was only by 52.5%. 

CONCLUSIONS 

Concluding, the rheological analysis of collagen gel extracted from perch (Perca 

fluviatilis) skin evaluated the flow properties by investigating the pseudoplastic behaviour 

through the analysis of the viscosity - shear rate dependence and by analysing the thixotropic 

character using the specific descriptors (thixotropy area and thixotropic index). Therefore, perch 

collagen gel exhibited a non-Newtonian pseudoplastic and thixotropic behaviour at working 

temperature of 24°C, which are fundamental features for a semisolid system in terms of 

improving its conditioning and spreadability on epidermal surface.  

In vivo animal studies demonstrated that the animals treated with collagen spongious 

matrix from perch skin presented a faster healing, without any secondary effect compared to 

the control group. Thus, this perch collagen matrix can represent a potential scaffold to treat 

burns, with valuable effects on the cutaneous tissue’s restoration.  
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