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Abstract: The improper disposal of toxic drugs can cause significant damage to the environment.
Various methods have been used for these purposes, with enzymatic catalysis being one of the most
innovative, despite the drawback that enzymes may become denatured or lose activity depending on
the temperature. The present research aimed to evaluate the catalytic capacity of purified heat-
resistant laccase from Curvularia kusanoi L7 in the removal of diclofenac. The heat-resistant enzyme
was obtained in Curvularia kusanoi L7 induced by biological interactions with Trichoderma pleuroticola,
purified by three-phase partition and characterized their thermal stability and heat resistance. The
degradative activity was evaluated on diclofenac sodium (0.5, 0.3, 0.1 mg/ml) by UV-VIS scanning
and HPLC. Yields of over 80% and high purification factor where obtained. The induction process
significantly increases the temperature range in which the enzyme reaches optimal activity, moving
from 30-40°C to 60-70 °C (induced enzyme), increasing its stability and heat resistance at 80 °C.
Diclofenac removal determined by both analytical methods showed over 95% degradation of this
drug. It can be concluded that purified heat-resistant laccase from Curvularia kusanoi L7 allows an
exhaustive degradation of diclofenac, making this enzymatic treatment a safe option to scale up in
drug degradation processes.

Keywords: fungal enzymes; thermoresistance; drug removal; UV-Vis spectroscopy; HPLC

1. Introduction

The pharmaceutical industry, one of the most influential sectors of the economy, presents a
paradox; while it works for the creation, production and sale of medicinal chemicals, it often disposes
of toxic waste incorrectly and inefficiently. This situation brings with it numerous damages that
severely affect the environment. Drug residues can be found mainly in wastewater, both surface and
deep, although they can also be found in soil, air and biota [1]. The main routes of contamination are
closely related to the consumption of drugs, where the metabolites resulting from the physiological
metabolism of the drug can be excreted through feces and urine [2], as well as the disposal of
pharmaceutical waste resulting from the technological process itself, and those drugs that have
reached their expiration date or have not been consumed.

Pharmaceutical industry produces various toxic waste such as radioactive waste, chemical
waste, infectious waste, finished products such as vaccines, expired and/or unused or contaminated
drugs [3]. One of the most polluting are finished pharmaceutical products due to their high
production volumes. Steroids, NSAIDs, antidepressants, antibiotics and cytostatics constitute
fundamental groups of medicines that can cause accumulation and damage to the environment.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Although many of them present a minimal risk due to their low toxicity, it is increasingly evident
that they can generate major ecotoxicological effects in the medium at long term. One of the most
representative examples is the case of diclofenac, an anti-inflammatory drug that is capable of causing
acute and chronic toxicity with long-lasting harmful effects. The presence of a small concentration of
diclofenac has been associated with chronic toxicity, endocrine disruption and the development of
resistance to pathogens. The consequences are especially worrying in aquatic organisms, since they
are subject to multigenerational exposure [4]. The toxic effect of diclofenac on bacteria, algae,
microcrustaceans and fish, are the reason why is the compounds with the greatest acute toxicity in
phytoplankton and zooplankton [5].

There are clinical studies that indicate that diclofenac can cause side effects on the kidney and
liver in mammals; it also occurs in vultures, where it causes death due to acute renal failure, visceral
gout and the accumulation of uric acid within the internal organs [6]. Vultures eating remains of
animals treated veterinary with diclofenac are poisoned due to the accumulation of the drug [7].
Different species of vultures on the Asian continent such as (Gyps bangalensis), (Gypsindicus) and
(Gyps tenuirostris), were declared endangered due to the bio accumulative effect of diclofenac [8].

This growing situation regarding drug-related contamination brings with it the development of
efficient elimination technologies. In this regard, some of the most significant are those that treat
effluents and wastewater. The usual processes focus on oxygenation and separation of solid waste,
to subsequently treat wastewater through chemical and biological processes. The latter have the
advantage of being more environmentally friendly, highlighting enzymatic treatments in drug
detoxification. In this sense, oxidase enzymes such as laccases play a fundamental role by constituting
a group of biomolecules capable of catalyzing the oxidation of a wide spectrum of substrates and
compounds of a recalcitrant nature. As a consequence of their versatility, in recent decades’ various
studies have been reported that highlight the biochemical properties and potential technological
applications of these enzymes in bioremediation processes [9]. However, when enzymes are
generally used in waste treatment and bioremediation processes, the possibility of inactivation due
to extreme pH conditions and high temperatures must be taken into account. For all the above, the
present study aimed to evaluate the catalytic capacity of purified heat-resistant induced laccase from
Curvularia kusanoi L7 in the removal of diclofenac.

2. Results

2.1. Obtaining and Evaluating Heat-Resistant Laccase from Curvularia kusanoi L7

The laccases were purified from their respective cultures by partitioning into three-phase
systems. Both in the induced and non-induced cultures, yields of over 80% were obtained with a
purification factor of 50 for the non-induced culture and 75 for the induced cultures. The purification
is greater in the latter, due to the induction process itself, where a greater production of laccase occurs
as a result of the biological interactions between C. kusanoi and T. pleuroticola. In this type of biological
interaction, Trichoderma acts as a pathogenic fungus, triggering a physiological defense response in
Curvularia, which responds by expressing greater production of enzymes specially laccases, who is
related to defense processes by constituting important virulence factors and one of the main defense
mechanisms of lignolytic fungi.

The effect of temperature on the activity and stability of the purified enzymes summarized in
Figure 1 and 2:
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Figure 1. Effect of temperature on the enzymatic activity of purified laccases from Curvularia kusanoi L7. Ea:
enzymatic activity. Uninduced laccase (EE +0,0170, P<0,0001), Induced laccase (EE +0,0197, P<0,0001).
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Figure 2. Thermal resistance at 80°C of purified laccases from Curvularia kusanoi L7. Ea: enzymatic activity.

As can be seen in the figures, the induction process significantly increases the temperature range
in which the enzyme is active, shifting it from 30-40 to 60-70 °C, and thus allowing the enzyme not
only to be active at higher temperatures but also to increase its thermal resistance, maintaining its
residual enzymatic activity at temperatures of 80°C for more than an hour.

2.2. Evaluation of Diclofenac Remouval by Laccase Activity Using UV-Vis Spectral Scanning

The characteristic spectrum according to the Spectral Scan in the UV-Vis range of Diclofenac
(Figure 3) showed two characteristic bands, one at 200 and another at 280 nm.


https://doi.org/10.20944/preprints202501.0927.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 January 2025 d0i:10.20944/preprints202501.0927.v1

4 of 10

3.5

2.5

1.5

0.5

190 300 410 520 630 740 850 960
A (nm)

Figure 3. UV-Vis light spectrum of Diclofenac sodium 150 mg/L. Spectral scan from 190-950 nm.

These results are in agreement with those obtained by Correia (2018) [7], who found two bands
associated with this drug, one at 220 nm and another at 280 nm. In his study, a good signal was also
evident, with a stable baseline, at A above 270 nm, while at values close to 220 nm, the baseline
presents a lot of noise despite the fact that signals with higher absorbance values are obtained. The
first band is considered to correspond to the aromatic ring that contains the caboxyl group that forms
the bond with the metal by the non-bonded electrons in the oxygen atom. Other authors have found
the maximum absorption for the Diclofenac standard near 276 nm [10,11].

These results confirm that the compound under study presents absorption maxima in the
ultraviolet range, especially in the 270-290 nm interval. The differences that may be found in the
maximum absorption at a fixed wavelength value are mainly due to the particular conditions of the
spectroscopy equipment [12]. Tapia [13], studied the UV-Vis spectrum of Diclofenac in methanolic
solution, carried out a scan in the ultraviolet zone (200 to 400 nm) with which he obtained the
maximum absorption at 274 nm.

From the maximum absorption of the compound detected at 280 nm, the calibration curve was
made as shown in Figure 4.
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Figure 4. Diclofenac sodium calibration curve at 280nm, concentration range between 0.01-0.5 mg/mL.

Calibration includes the selection of a model to estimate the parameters that allow determining
the linearity of the curve and, consequently, the capacity of an analytical method to obtain results
that are directly proportional to the concentration of the compound in a sample, within a certain
working interval. Linearity is a fundamental requirement of the calibration curve. To demonstrate
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linearity, it is necessary to meet certain acceptance criteria in which this linearity can be statistically
justified. As the main acceptance criterion for linearity from the calibration curve, the coefficient of
determination R2> 0.98 is considered [14]. The calibration curve presented in figure 2 shows linearity
with an R2? = 0.9994, since as mentioned above the value of the coefficient of determination must be
above 0.98. Soto (2007) [15], used UV-Vis spectrophotometry as a method for quantifying Diclofenac.
In the study, different levels of drug concentration were evaluated, reaching linearity values similar
to the present study.

Using the curve obtained, the percentages of drug removal after enzymatic treatment with the
enzyme laccase were calculated. The results of the study are summarized in the Table 1:

Table 1. Removal of Diclofenac sodium by enzymatic treatment with heat-resistant induced laccase (3500 U/L),

incubation time 1 hour at 60 °C.

DCF i
CF Concentration Drug removal (%)

(mg/mL)
0.5 74.23
0.3 89.01
0.1 95.55

The tabulated values correspond to the arithmetic mean of the determinations. DCF: Diclofenac.

The results obtained show a high enzymatic degradation of the drug. It is important to note that
these values were reached after 1 hour of incubation. If these results are compared with those
reported by Lobos (2020) [16], who achieved a degradation of 64.7% after 48 hours of enzymatic
treatment, the present research stands out for being more effective and faster.

2.3. HPLC Ewvaluation of Diclofenac Removal by Laccase Activity

Diclofenac degradation by laccase activity were verified by HPLC. The retention time (Rt) for
the drug pattern was 5.7 minutes, similar to the study of sunlight degradation of drugs and their
evaluation by HPLC [10], where a Rt of 5.64 minutes was obtained for DCF.

The removal levels of Diclofenac, calculated by the ratio between the areas of the pattern and
the area of the injected samples, are presented in Table 2.

Table 2. HPLC analisys of Diclofenac Removal.

Sample Peak Area (mV) COHCE(!(I;:)I‘ ation Removal (%)
DCF pattern 5789.03 100 -
DCF 0.5mg/mL
after enzyme 1215.70 21 79
incubation
DCF 0.3mg/mL
after enzyme 439.97 7.6 92.4
incubation
DCF 0.1mg/mL
after enzyme 114.04 1.97 98.03
incubation

1 DCEF: diclofenac.

As can be seen in the table, the removal of the drug is slightly higher than that obtained by UV-
Vis determination. This may be associated with the fact that HPLC determinations are more sensitive
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and capable of detecting minor variations with a higher degree of specificity. This chromatographic
method for determining Diclofenac is very effective and is used in Cuba as a method to evaluate the
quality of this medicine in pharmaceutical laboratories.

3. Discussion

Among the most commonly used pharmaceutical compounds, analgesics and non-steroidal anti-
inflammatory drugs constitute one of the most widely consumed in the world [17]. These are ones of
the most studied and detected in wastewater treatment plants and the ones that stand out the most
in ecotoxicological studies, after antibiotics [18]. In the specific case of diclofenac, its concentration
does not decrease in biotransformation tests under aerobic and anaerobic conditions, which explains
its incomplete elimination in wastewater treatment plants [19]. For these reasons, it is vital to achieve
processes that allow the complete elimination of this drug

Similar studies have been carried out by various authors, Lobos (2020) [16] used the direct
biodegradation of the drug by the fungi Trametes hirsutas and Trametes versicolor (large producers of
laccase enzymes), unlike the present work where only purified heat-resistant laccase where used
more efficiently. On the other hand, the concentrations of Diclofenac used in their study (0.1 mg/L)
were lower than those used in this research. This comparison shows the ability of pure enzymes to
act more specifically on their substrate, without the presence of other substances that could act as
inhibitors of the enzymatic degradation process. Urrea et al. (2008) [20], also used the fungus Trametes
versicolor in the degradation of DCF and obtained complete degradation of the drug after 4 hours of
exposure to the fungus. This author suggests that the result of the research could be associated with
changes that may have occurred in the culture medium or in the amount of initial mycelium used as
inoculum. Changes in the culture medium may imply that the enzymes involved in the degradation
of the drug are produced due to the secondary metabolism of the fungus. These enzymes may be
increased or decreased depending on the presence or absence of certain compounds in the medium.
Compared to this study, although complete degradation of Diclofenac was achieved after 4 hours, in
the present investigation more than 70% of the drug was degraded in one hour for all cases. It should
also be noted that the concentrations of DCF used were also higher than those used by this author
[16]. Fuad et al. (2015) [21] used laccase and manganese peroxidase enzymes for the degradation of
DCEF, obtained from 9 days of cultivation of Trametes maxima and Pleuretus spp. These authors
obtained results above 85% degradation after one hour, for a DCF concentration of 0.002 mg/mL. This
result compared with Urrea et al (2008) [20] and Lobos (2020) [16], are superior, however, they are
still far below those achieved in the present investigation.

Laccases are versatile enzymes capable of oxidizing compounds of similar chemical nature. In
this regard, Auriol et al. (2008) [22], used purified laccase to remove estrogens from effluents of
synthetic and real treatment plants. These authors managed to completely remove the drugs from
the water, which required a dose of 20 U/mL of enzyme. The system behaved similarly for both
synthetic and real water.

In the scientific literature other methods for the degradation of diclofenac are referred to, among
which the following stand out: Advanced oxidation with UV light/H20z, and ozone. Vogna et al.
(2008) [23], used this method and achieved a removal of 32% by ozonation and 39% by UV/H202
treatment, after 90 minutes of the process. Taking into account these results, the present investigation
is much more efficient in terms of % removal and overall process time. Garcia et al. (2015) [4]
evaluated the degradation of ibuprofen, caffeine, Diclofenac and salicylic acid by heterogeneous
photocatalysis. The study showed degradation percentages between 20 and 40% for DCF. In all cases,
a tendency towards greater degradation was observed at lower drug doses. This method belongs to
the group of advanced oxidation processes, as does the enzymatic treatment, the latter with higher
DCEF degradation results according to the present investigation.

Another method developed for the degradation of DCF is the synthesis of graphene
nanocomposites and palladium and silver nanoparticles, using cochineal extract as a reducing agent
[24]. These authors achieve a degradation percentage of 60%. Ravina et al. (2002) [25], studied the
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mineralization of Diclofenac through the Fenton reaction in a concentric photoreactor, where he
managed to achieve the total mineralization of this compound. However, this method is complex and
requires the necessary infrastructure that makes its use as a routine method more expensive.

The difficult degradation of Diclofenac is a worldwide problem. In this regard, Correia and
Marcano (2015) [26] evaluated the presence and elimination of pharmaceutical compounds in
wastewater plants. Their study and review of more than 100 scientific journals showed that the group
of analgesics and NSAIDs present high percentages of removal (over 65%) except for the case of DCF
with only 38%. The term removal in the articles studied by Correia and Marcano (2015) [26] refers to
the conversion of the pharmaceutical compound into another different compound, so it is not clear
whether the drug was mineralized or structurally altered. They reported that DCF presents a low
biodegradability due to the presence of two chlorine atoms in its structure and a medium adsorption
in sludge. If these results are compared with those obtained in the present investigation, the great
difference that exists between the percentages of degradation can be observed. For these reasons,
enzymatic treatment with C. kusanoi L7 heat-resistant induced laccase could be considered a more
effective method to treat residues of this drug.

On the other hand, the heat-resistant nature of Curvularia kusanoi L7 laccase is a very important
aspect to point out which gives it added value by eliminating one of the most important problems
when working with enzymes, which is thermal denaturation. The usefulness of heat-resistant
enzymes in different industrial processes is an example of efficiency, since the high costs that working
with enzymes often entails are offset by the durability and stability of this type of product. Similarly,
obtaining active and stable enzymes to use as biotechnological tools constitutes one of the most
promising emerging clean solutions and one of the greatest exponents of green chemistry and
sustainability in the conception of more efficient processes with low or zero carbon emissions.
Enzymatic biocatalysis are environmentally friendly technologies and an inseparable part of the three
pillars of the bioeconomy: the production of food and feed, the obtaining of bioproducts (preferably
with added value) and the production of bioenergy. The importance of using enzymes lies in the
opportunity to achieve economic growth and at the same time guarantee the safety of biological
resources and their effective and sustainable use. And if at the same time they are used in the
detoxification of the environment it is a win-win in every sense.

4. Materials and Methods

4.1. Microorganisms

In this research, two strains of Ascomycete fungi were used, both belonging to the culture
collection of the Cuban Institute of Animal Science. Curvularia kusanoi L7 and Trichoderma pleuroticola,
identified by molecular biology and their nucleotide sequences deposited in Genbank with accession
numbers KY795957 and MK992922, respectively.

4.2. Obtaining and Evaluating Heat-Resistant Laccase from Curvularia kusanoi L7

3 cm? of the fresh culture of Curvularia kusanoi L7 in PDA were taken and inoculated in
Erlenmeyer flask with 3 g of wheat bran in 100 ml of citrate buffer (100 mM, pH 5.5) and incubated
in an orbital shaker at 120 rpm for a period of 7 days at 25°C. The induction of heat-resistant laccase
was obtained by confronting the 48-hour-old C. kusanoi cultures with a Trichoderma pleuroticola
inoculum of 1x107 CFU/g of substrate. At the end of the fermentation, the cultures were centrifuged
(4°C, 10,000 rpm, 5 min) and the enzymatic extract was stored [27].

The crude enzymatic extract resulting from the fermentation where purified using the partition
methodology in three phasic systems [28]. The crude extract was saturated to 80% with ammonium
sulfate and tert-butanol 1.0:1.0 (v/v). Once the three phases appeared, only the intermediate phase
was reserved, which was resuspended in phosphate buffer pH 7. The protein concentration was
determined with a standard curve of bovine serum albumin (50-0.01 mg/mL) [29].The enzyme yield
and the purification factor of the process were calculated [28].
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To evaluate the purified laccase enzymes from both induced and uninduced cultures, their
catalytic activity against syringaldazine (5 mM in ethanol) as a substrate was determined. The
oxidation reaction was monitored in kinetic mode for 1 minute under aerobic conditions at 530 nm.
A unit of laccase activity (U) was considered as the amount of enzyme that catalyzes the
transformation of 1.0 pmol of syringaldazine per minute [30]. All analyses were performed in
triplicate.

To determine the effect of temperature on enzymatic activity and enzyme stability, purified
laccases where preincubated in a thermostatic bath (Thermo Scientific, EEUU) at 30, 40, 50, 60, 70,
and 80-C for 1 h, taking 100 ul aliquots every 10 min and determining activity as described above.
The reaction mixture without substrate was used as a blank, preincubated as well for 1 min at the
different temperatures used in the study.

4.3. Evaluation of Diclofenac Removal by Heat-Resistant Laccase Using UV-Vis Spectral Scanning

A standard solution of 1 mg/mL Diclofenac sodium (Sigma-Aldrich, > 98% purity) in ethanol
was prepared [31]. To determine the Diclofenac removed level, the working wavelength was
previously selected by means of a spectral scan between 190 and 950 nm. At the wavelength where
the maximum absorption of the compound was found, the calibration curve was read, plotting OD
(optical density) vs C (concentration in mg/mL). The calibration curve was made with the Diclofenac
standards in the concentration range between 0.01-0.5 mg/mL. Each determination was performed in
triplicate. The degradation study was performed by incubating 100 pL of enzyme and 900 pL of
Diclofenac solution at 60 °C for a final reaction volume of 1 mL and an incubation time of 1 hour. In
this study, the degradative effect of the enzyme was also evaluated against different levels of drug
concentration (0.5, 0.3, 0.1 mg/mL). The removal percentage was calculated according to equation 1,
Where: Ci and Cf correspond to the initial and final concentrations of the drug, respectively. The
Diclofenac-enzyme mixture was used as a control before the degradation process. Each
determination was performed in triplicate.

Ci—C
% Removal = Ci ! *100 1)

Likewise, the degradation products of the diclofenac removal assay by laccase activity described
above were also analyzed by HPLC.

4.4. High Performance Liquid Chromatography (HPLC) Evaluation of Diclofenac Removal by Laccase
Activity

The level of Diclofenac removal was verified by HPLC according to following chromatographic
conditions: Column C8 Tecknokroma, Mobile phase flow: 1.0 mL/min, UV detector at 254 nm,
Injected volume: 10 uL, Mobile phase: Solution A and Methanol (34:66). For the preparation of the
mobile phase, the solution A was prepared using: 1.04g of NaH,P04x 2H,0 in 1L of H2O and pH
2.5 adjusted with H3PO0,. The chromatographic profile of the Diclofenac standard (pattern) was
determined at the concentrations used in the previous test and its removal (%) by laccase activity was
evaluated using equation 2, Where: C: Diclofenac concentration (%), As: area of the sample peak, and
Ap: area of the pattern peak.

_As+100

ym @

5. Conclusions

Although the degradation of diclofenac is a complex process, the use of purified heat-resistant
fungal laccase from Curvularia kusanoi strain L7 allows an exhaustive degradation of this drug,
making this enzymatic treatment an interesting option to scale up and evaluate in treatment systems
for other waste and compounds of a similar nature.
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