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ABSTRACT

Background: Alginate lyase is known to have antibiofilm activity. Toxicity tests for the alginate
lyase produced by Streptomyces olivaceus from Serena Kecil Island, North Sulawesi,
Indonesia, have never been reported. This research conducted an in vivo toxicity study of the
alginate lyase, using male Wistar rats for its development as an oral anti-biofilm agent.

Methods: Twenty male Wistar rats (Rattus norvegicus) were divided equally into four groups
of: technical control (TC), which was only given food and drink; negative control (NC), given
phosphate buffer saline 1x; experimental group (E1), given alginate lyase at a dose of 0.63
g/kg BW, and (E2), given alginate lyase at a dose of 20.85 g/kg BW. The toxicity tests were
carried out for 7 days by observing the following parameters: changes in the body weight and
behavior; changes in AST and ALT enzyme levels; and evaluation of macroscopic and
microscopic damages to the liver.

Results: After 7 days of treatment, rats in the NC, E1, and E2 groups experienced insignificant
weight losses. They also had normal behavior and did not show signs of toxicity or death. The
AST and ALT levels in rats, given alginate lyase (E1 and E2) decreased significantly but were
still within the normal range. Alginate lyase also caused an adaptive stress response and
degeneration in the liver cells.

Conclusions: Alginate lyase at 0.63 g/kg BW and 20.85 g/kg BW were considered safe in the
rats and had the prospect of being developed into an anti-biofilm agent.
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INTRODUCTION

Infection with biofilm-producing microorganisms is a health problem throughout the world
[1]. The United States’ National Institutes of Health (NIH) has reported that 80% of cases of
chronic infection with pathogenic microorganisms are associated with biofilm formation.
Therefore, degradative agents are needed to fight against biofilms produced by pathogenic
bacteria [2]. The formation of biofilm in cell-protecting polymer matrices can make bacteria
resistant to antibiotics. Biofilm matrices need to be destroyed to make antibiotics function
optimally.

Alginate lyase is a compound that can be developed into an antibiofilm agent. It is an enzyme
that is able specifically to degrade the extracellular polymer matrices. of biofilms [3, 4].
Alginate is one of the components of the Pseudomonas aeruginosabiofilm polymer matrix,
which can be a target for degradation by alginate lyase. Degradation of alginate structure has
the potential to increase the phagocytic ability of immune cells'and reduce the virulence of
pathogenic bacteria [5], as well as enhancing the therapeutic effect of anti-pseudomonal
agents [6]. Alginate lyase also has the potential to degrade biofilms in the lungs caused by
Mycobacterium smegmatis. Also, alginate lyase has‘the potential to develop as anti-biofilm
agent to eradicate tuberculosis (TB) disease [7]:

All medicinal ingredients, including anti-biofilm from enzymes, undergo a metabolic process
to produce metabolites which may be toxic to hepatocytes [8]. Liver is an organ that functions
to detoxify and inactivate drugsinto substances that are not harmful to the body. Liver
damages due to drugs can occur.secondary to the loss of the liver's ability to regenerate cells,
which undergoes permanentiand necrotic damages [9]. Therefore, all medicinal substances
including anti-biofilm agents need to be tested for their toxicity in vivo or clinically to rule out
their toxic effects on.the liver.

Cellular damages to the liver can be detected by biochemical analyses of the tissue and serum.
The enzymatic examinations include transaminases, such as Aspartate Transaminase (AST) or
Serum..Glutamic Oxaloacetic Transaminase (SGOT) and Alanine Transaminase (ALT) and
Serum Glutamic Pyruvic Transaminase (SGPT). These enzymes are produced by hepatocytes,
and can be used to monitor damages to liver cells [10]. Liver damage can occur due to
spontaneous toxicity or accumulation of drugs that are used in the long term [11]. This causes
immunological processes in the body which ultimately lead to injuries to the liver tissue [12].
Apart from drugs, disorders of the liver immunological processes can also be caused by viral
or bacterial infections, or by alcohol consumption. Functional disorders of the immunological
processes can cause liver damage, leading to degeneration, intracellular accumulation,
necrosis, inflammation, regeneration and fibrosis [13,14]. These damages can be observed
microscopically in the liver tissue.



Recently, there has been much interest in using marine bacteria that produce enzymes with
significant biological activities. One of the bacteria from seaweed, Streptomyces luridiscabiei
can produce a strong enzyme with the specific activity of 108.6 U/mg, molecular weight of
28.6 kDa, consisting of 260 amino acids. The enzyme, characterized as AlyDS44, is capable of
hydrolyzing sodium alginate to produce alginate disaccharide and trisaccharide as the final
products [15]. The initial screening results revealed the potential of alginate lyase from the
Streptomyces olivaceus found in marine sediments on Serena Kecil Island, Bitung City, North
Sulawesi, Indonesia. The alginate lyase can degrade M. smegmatis biofilms, the ICsp and ICq
levels of which have already been determined [7]. However, the toxicity tests for the alginate
lyase from S. olivaceus have not been reported previously.

Aim of the Study: The current study conducted an in vivo test using experimental animals to
determine the toxic effects of the alginate lyase from S. olivaceus, especially for its
development as an oral anti-biofilm agent. The Wistar rats were(chosen in this study because
they are the most recommended animals for various in vivo eéxperimental purposes.

MATERIALS and METHODS

Research Setting: This study was conducted at the Experimental Animal Laboratory,
Universitas Muhammadiyah Semarang in Indonesia. It was approved by the Health Research
Bioethics Commission, Faculty of Medicine, Universitas Sultan Agung Semarang, and given
the registration #: 213/V1/2023; by the Bioethics Commission. The crude extract of alginate
lyase, being the research- object, was obtained from the microorganism known as
Streptomyces olivaceus (S..olivaceus).

Preparation of Alginate Lyase Crude Extract: The S. olivaceus isolates were rejuvenated on
ISP2 agar media (4 g yeast extract, 10 g wheat extract, and 4 g-glucose using 30 g artificial sea
water in-1L distilled H,0) and incubated at 28°C for 4 days. As much as 10 uL of S. olivaceus
colonies*were taken and pre-cultured using liquid ISP2 media for three days at 28°C and
centrifuged at 190 rpm. A total of 5% and 7.5% of the preculture results were inoculated into
the alginate lyase production medium (ISP2 medium without glucose) and added sodium
alginate as the substrate. The alginate lyase activity was determined from the culture, using
5% inoculum S. olivaceus at 5,558 U/mL, which was originally derived from 7.5% inoculum at
5,348 U/mL. The culture process was carried out under the same conditions as the pre-culture
but extended for seven days. The enzyme harvesting was performed by centrifuging the S.
olivaceus culture product at 4°C and 12,000 rpm for 20 minutes [16]. The enzyme concentrate
was stored at the Genomics Laboratory of the National Research and Innovation Agency
before transporting it to the research laboratory.



Animal Treatments: In this study, a total of 20 male Wistar rats were used, which were
divided into four groups five rats each. The rats with an initial weight of 180-300 g were first
acclimatized under laboratory conditions for seven days, given pellet food and drinking water
ad libitum. After the acclimatization period, the animals were randomly divided into:

a) technical control group (TC), given food and drinking water only; b) negative control group
(NC), given alginate lyase solvent, i.e., phosphate buffer saline (PBS) 1x; ¢) treatment group 1
(E1), given alginate lyase concentrate at 0.63 g/kg BW; and d) treatment group 2 (E2), given
alginate lyase concentrate at 20.85 g/kg BW. The dosage of alginate lyase used in this study
was predetermined as being effective. The dosage of 0.63 g/kg BW was the ICso and that of
20.85 g/kg BW was the I1Cq to degrade the M. smegmatis biofilm [7].

Animal Body Weight and Behavior: Changes in the rats’ body weight/(gain or loss) were
determined systematically during the 7-day treatment period. Also, the behavioral changes
observed in the test rats were regularly documented. The/behavioral changes included
tremor, pain gesture, eyes rolling, earlobe reflex, salivation;-hyperactivity, and mortality [17].

Measurement of AST and ALT Levels: The blood AST and ALT levels were measured before
treatment and on the 7th day after the treatments were complete. The blood sampling was
carried from the retro-orbital vasculature because relatively large amounts of blood samples
could be obtained. A total of 1-2 mL of blood was collected in microtubes and incubated for
30 minutes at room temperature. The blood samples were then centrifuged for 10 minutes
at 3000 rpm to obtain the sera.“The AST and ALT levels were determined, using a kinetic
method adapted from the Intérnational Federation of Clinical Chemistry (IFCC) [18].

Histopathological Examinations: On the 8th day, rats were sacrificed under ether anesthesia,
then the liver was.dissected. The macroscopic observations of the liver were carried out
before washing the tissue with physiological NaCl solution. After washing, the livers were cut
into the right<and. left lobes, and then fixed in 10% neutral buffer formalin (NBF). The tissue
samples were processed for microscopic histopathological examinations through stages of
fixation,-dehydration, cleaning, impregnation, embedding, and cutting into sections until the
tissue samples were ready for staining with hematoxylin-eosin. After sectioning, the liver
slides'were examined under light microscopy at 400x magnification, by observing sets of 100
optic fields for each animal group. The histopathological appearances of the rat liver samples
were assessed by documenting the level of hepatocytes damage in the area near the central
vein. The level of cellular damages were determined based on the degree of changes in the
histopathological structures of liver cells, using the Manja Roenigk scoring system (score:
1/2/3/4) [19, 20].



Data Analyses: The data representing the body weight, AST, ALT levels, and Manja Roenigk
scores were analyzed for normality, using the Kolmogorov-Smirnov and homogeneity, using
Levene tests [21]. The analyses of changes in the body weight, AST, and ALT levels before and
after treatment were also performed, using paired t-test. The differences in Manja Roenigk
scores among the treatment groups were determined, using One-way ANOVA. Changes in the
animal behaviors during the treatments and the histopathological alterations in the liver cells
were analyzed descriptively.

RESULTS

Body Weight and Behavioral Changes: Changes in the rats’ body weight were documented in
each group. During the treatments, animals in the technical control group ‘demonstrated a
significant gain in their body weight. Meanwhile, the administration ‘of alginate lyase reduced
the body weights insignificantly (Table 1). The control and treated rats were observed for
changes in their behaviors due to toxicity. During the alginate lyase treatment, none of the
rats showed signs of poisoning, nor did the enzyme cause death in the rats (Table 2).

Examinations of AST and ALT Levels: The administration of alginate lyase significantly
reduced the AST and ALT levels in the rats’ sera. However, the PBS solvent significantly
reduced the AST levels. The AST/ALT ratio in'the control group that were given alginate lyase
and PBS was above 2.0, compared to.that of the E1 and E2 groups being below that level
(Table 3).

Histopathological Examinations: Macroscopic examinations of the rat liver samples were
carried out by observing-changes in color, surface appearance, and consistency of the tissue.
The macroscopic results of the liver tissue samples did not show any changes or abnormalities
after 7 days of treatment. The samples were not hardened, and appeared brownish-red in
color with smooth surfaces (Figure 1). Based on the microscopic histopathological findings
from the livercells, all treatment groups exhibited cellular abnormalities, such as hydropic
and parenchymal degenerations, and cell necrosis (Figure 2). However, after calculating the
scores,.it was noted that there were differences in the number of abnormal liver cells among
all treatment groups. The administration of alginate lyase at both doses caused parenchymal
degeneration in the liver cells. This damage was significantly different as compared to that of
the technical control group, which had generally retained the normal appearance of the liver
cells (Table 4).



DISCUSSION

This study evaluated the safety of the alginate lyase by conducting toxicity tests on the liver
tissue samples from male Wistar rats aged 2-4 months. Our reasons for choosing rats were
the ease of acquisition and handling, price, and their relatively large size. Minimizing the
biological variations and other factors that could influence the research was also carried out
by equalizing race, age, body weight, environment, and rat food. White Wistar rats (Rattus
norvegicus) offer the advantage of showing fast response plus being easy to adapt. Apart from
that, rats are omnivores, have body organs, and almost the same nutritional needs as-humans
[22].

Toxicity can also be observed from changes in the body weight of test rats; hence, the
insignificant weight loss in the animals’ body weight after seven/days of Alginate lyase
treatment (P=0.05) (Table 1), which is normal. A substance is believed to have toxic effect if
it causes a significant weight loss of 10% or greater than the initial body weight [23]. In this
regard, the administration of alginate lyase did not affect.the rats’ body weight. Apart from
body weight, changes in the rats’ behavior or clinical sighs may also be considered as the
evidence of toxicity. Clinical symptoms include half-closed eyes, piloerection, and low motor
activity was most strongly associated with pathological findings [24]. In this study, no
behavioral changes were found such as tremors,.pain expression, eyes abnormalities and
earlobe reflexes, salivation, hyperactivity,; or-death (Table 2). The rats’ behavior after the
alginate lyase administration was normal, again suggestive of the enzyme lacking toxicity,
which is reported for the first time by this study.

To observe liver damage after the administration of alginate lyase, we investigated changes
in AST and ALT levels in‘the rats’ sera. We found that the AST values decreased significantly
after administering the alginate lyase at 0.63 g/kg BW and 20.85 g/kg BW. The ALT levels also
showed a significant'reduction after administering either alginate lyase or 1x PBS solvent.
However, the-decline in the ALT and AST levels was still within the normal reference range
(Table3) [18]..Changes in ALT and AST levels can be caused by physiological or extra-hepatic
conditions. These include persistent tachycardia; intense physical exercise; prolonged fasting;
vitamin/B6 deficiency; hyperthyroidism; hyperthermia; obesity; and excessive protein intake.
Low ALT and AST values are known to be good, although it may also suggest renal dysfunction
[25]. Apart from pathophysiological factors, ALT and AST levels can also be influenced by
providing food intake to the animals ad libitum, and changes in the temperature and humidity
of the rats’ environment [26].

A high ALT level in the sera is directly related to the extent of cellular damage. This parameter
usually increases within the first 12 hours after the damage has occurred and remains high
for the next five days. Rises in AST and/or ALT can be attributed to damages in the liver cell



walls, and can be interpreted as a marker of impaired liver cells integrity. However, changes
in AST and ALT levels up to 300 U/L are not specific to liver disorders alone. Therefore, the
DeRitis AST/ALT ratio value can be seen as the severity of liver cell damage [27, 28]. The
normal value of DeRitis ratio is below 1.0. If the ratio is greater than 1.0, there may be an
indication of liver damage, and if it is greater than 2.0, it could be a sign of alcoholic liver
disease [29]. Our DeRitis ratio calculation showed a value of 2.0 in rats that were administered
alginate lyase at 0.63 g/kg BW; and 1.8 in rats given the same enzyme at 20.85 g/kg BW.
However, because the AST and ALT values remained at normal values, it may be concluded
that no liver cell damage occurred in the rats due to the alginate lyase.

Macroscopically, there were no signs of liver damage found in the current-study. The rats’
liver samples both in the control and treatment groups had normal appearances (Figure 1).
Liver cell damage can be interpreted from the Manja Roenigk scores. In the rats’ liver samples
that were only given food and drink, some histopathological features of cell abnormalities,
such as parenchymal and hydropic degenerations were visible. However, the Manja Roenigk
score showed overall normality of the liver. In the rat liver cells; given 1x PBS solvent, alginate
lyase at 0.63 and 20.85 g/kg BW caused more cellular abnormalities than in the normal control
(Figure 2). This is supported by a Manja Roenigk score/of around 3, concluding that PBS 1x
and alginate lyase cause parenchymal degeneration in liver cells (Table 4).

Parenchymal degeneration is the mildest cellular changes characterized by swelling and
turbidity of the cytoplasm. Parenchymal degeneration is reversible because it occurs only in
mitochondria and endoplasmic reticula due to oxidative stress [30]. It is often caused by such
factors, as stress due to less-than-ideal cage conditions, low appetite and body weight,
fatigue, and other internal factors, such as low endurance in the animals [31]. Parenchymal
degeneration can also occur as the adaptive response in the rats treated with drugs. Finally,
because it is reversible, the' symptoms usually last a short period in response to exposure to
substances [32]. In-the current study, the alginate lyase was in its crude form. Therefore,
further research’is warranted on the effects of this enzyme when a highly pure form of
alginate lyase-isavailable. Also, additional investigation shall be conducted to assess the long-
term toxicity of this enzyme.

CONCLUSIONS

Overall, the findings of the current study demonstrated the safety of alginate lyase at 0.63
g/kg BW and 20.85 g/kg BW in rats (Rattus norvegicus). Based on the results, alginate lyase
was shown to be safe because it did not cause changes in the body weight and behavior of
rats, and did not cause liver damages. This enzyme has the potential of being developed into
an effective oral anti-biofilm agent in the future.
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TABLES and FIGURES

Table 1: Changes in body weight of Wistar rats during treatment.

Mean * SD

Group Paired Samples t-test
Before Treatment After Treatment

TC 267.0+40.18 282.6 + 35,52 0.003"

NC 222.8+24.26 246.8 £ 16,05 0.210

El 197.6 +32.73 188.0 + 29.33 0.228

E2 201.8 +30.34 197.0 + 32.97 0.352

Note: TC=Technical Control (No Treatment); NC=Negative .Control (PBS 1x solvent);
El=Treatment of alginate lyase 0.63 g/kg BW; E2=Treatment of alginate lyase Dose 20.85 g/kg
BW; *Significant different.

Table 2: Changes in Wistar rat behavior during treatment.

Observation Day1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Tremors - - - - - - -
Painful - - - - - - -
Eye N N N N N N N
Ear reflex N N N N N N N
Salivation = - - - - - -
Hyperactivity - - - - - - -

Mortality - - - - - - -

Note: Observations were made on rats in all treatment groups; (-) = No symptoms were found;

(N) = Normal

Table 3: Changes in the AST and ALT levels of the rats during treatment.



Mean 1 SD (Before vs After) AST/ALT
Group

AST ALT Ratio
NC 129.0 £ 49.65 vs 83.4 £ 19.83 67.8 £ 16.39 vs 36.8 + 19.32" 2.3
El 156.0 + 44.37 vs 68.8 + 12.03° 64.8+19.63vs 34.8 +6.46" 2.0
E2 129.6 + 26.05vs 55.2 + 15.27°  64.2 + 15.06 vs 29.8 + 9.83" 1.8

Notes: NC = Negative Control (PBS 1x solvent); E1 = Alginate lyase treatment 0.63 g/kg BW;

E2 = Alginate lyase treatment 20.85 g/kg BW; Significant different using paired samples 't-

test.

Table 4: Results of liver rats histopathological scoring using the Manja Roenigk score.

Group Mean + SD Overall Conclusion One Way ANOVA
TC 3.90+0.03 Normal 0,000°
NC 2.94 +0.22° Parenchymal
degeneration
El 2.83 +0.15° Parenchymal
degeneration
E2 2.81+0.23° Parenchymal

degeneration

Notes: TC = Technical control (no treatment); NC = Negative control (PBS 1x solvent); E1 =
Alginate lyase treatment 0.63 g/kg BW; E2 = Alginate lyase treatment 20.85 g/kg BW; 2
significant value between groups; ° post-hoc analysis, significant with TC.

DeHS




Figure 1: Rat liver samples after treatment.

Notes: TC = Technical control (no treatment); NC = Negative control (PBS 1x solvent); E1 =
Alginate lyase treatment. Lyase 0.63 g/kg BW; E2 = Alginate lyase treatment 20.85 g/kg BW.

Figure 2: Microscopic histopathological features of the rat liver samples stained with H&E and
examined under light microscopy at 400x magnification.

Note: TC = Technical Control (No Treatment); NC = Negative Control (PBS 1x solvent); E1 =
Alginate lyase treatment 0.63 g/kg BW; E2 = Alginate lyase treatment 20.85 g/kg BW; Green
arrows = Normal cells;

Blue arrows = Hydropic degeneration; Yellow arrows = Parenchymal degeneration; Black
arrows = Necrotic cells.






