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ABSTRACT

Introduction: Genotoxicity is one of the safety concerns that can lead to damage at the genetic
level. The observation of DLBS1033 using AMES and micronucleus tests was conducted to

ensure the safety precautions.

Methods: Ames test was done using 3 strains of Salmonella typhimurium (TA98, TA100, and
TA1535) with or without metabolic activation (S9 enzyme). In vitro micronucleus test was
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performed with prolonged exposure without S9. The variation of DLBS1033 concentrations

were 100, 600, and 1200 pg/ml.

Results: The results of the Ames test (with/without S9) and in vitro micronucleus (prolonged
exposure without S9) showed that DLBS1033 did not have a mutagenic effect.
Conclusion: DLBS1033 was safe and did not show any genotoxic activity.

Introduction

DLBS1033 is a bioactive protein fraction (BAPF)
derived from the earthworm Lumbriculus rubellus.
Earthworms have been extensively researched and are
widely known to possess various benefits such as anti-
microbial, anti-inflammatory, and anticancer properties.
The protein content of earthworms varies depending on
the species and their environment. Lumbricus rubellus
earthworms are reported to contain lumbrokinase, a fi-
brinolytic enzyme that can be used as a thrombolytic
agent (Rong et al., 2010). DLBS1033, as a BAPF from
Lumbricus rubellus, also exhibits antithrombotic and
thrombolytic activities (Trisina et al., 2011; Tjandrawi-
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nata et al., 2014; Christy et al., 2015). Ongoing research
and development are being conducted. A recent study by
Stephani et al. (2023) discovered the presence of poten-
tial fibrinolytic enzymes in DLBS1033.

A study regarding the toxicity of DLBS1033 has been
conducted. DLBS1033 was tested on mice, and the re-
sults showed its safety (Sukandar et al., 2014). Further-
more, safety studies on humans have also been carried
out. Some of these include safety tests on healthy vol-
unteers (Tjandrawinata et al., 2016; Gayatri et al., 2018)
and patients with acute ischemic stroke (Pinzon et al.,
2021). The outcomes of both studies demonstrated a
safe profile.
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There are several chemical, physical, and biological
factors that can lead to cell death. Additionally, there
are other factors that are non-lethal but damage genet-
ic material, known as genotoxins. The study proceeds
to examine the genotoxicity profile. The Ames and mi-
cronucleus tests are conducted following the guidelines
of the Organization for Economic Cooperation and De-
velopment (OECD). The AMES test is conducted using
three strains of Salmonella typhimurium, namely TA9S,
TA100, and TA1535, with or without metabolic acti-
vation by S9. The present study is expected to provide
additional safety-related information about DLBS1033.

Materials and Methods

Materials

DLBS1033 was prepared by PT. Dexa Medica. Salmo-
nella typhimurium (strains TA98, TA100, and TA1535),
the media, post mitochondrial supernatant (S9), and oth-
er reagents required for conducting the Ames test were
obtained from the Salmonella Mutagenicity Test Kit
(Moltox, Boone, NC, USA). Genotype confirmation and
S9 preparation were performed according to the manu-
facturer’s instructions. The sources of positive control
articles for the Ames test were as follows: Daunomycin
(Moltox, NC, USA), Sodium azide (MP Biomedicals,
CA, USA), and 2-Aminoanthracene (MP Biomedicals,
CA, USA). The source of positive control articles for
the in vitro micronucleus test was Mitomycin-C (Roche,
TX, USA). RPMI-1640 culture medium, Fetal Bovine
Serum (FBS), and Penicillin/Streptomycin were pur-
chased from Gibco (MA, USA).

Ames test

The assay was carried out in accordance with OECD
guideline 471 and the manufacturer’s instructions. Brief-
ly, three concentrations of DLBS1033 were used: 100,
600, and 1200 pg/ml. The dilutions were prepared im-
mediately prior to use. Two milliliters of molten top agar
were added to a tube containing 100 pl of the vehicle
or test article and 100 pl of the tester strain. For the S9
additional treatment, 500 pl of the S9 mix solution was
added to a test article-contained tube before the strain
tester was added. After all components were added, the
mixture was vortexed to homogenize and then overlaid
onto the surface of 25 ml of minimal glucose agar in a
15x 00 mm petri dish. After the overlay solidified, the
plates were inverted and incubated at 37°C for 48 hours.

Revertant colonies were then counted manually. Posi-
tive controls included daunomycin (6 pg/plate) and so-
dium azide (1.5 pg/plate) for conditions without S9, and
2-aminoanthracene (10 pg/plate) for conditions with S9.
These were plated using the same volumes as the test
article.

In vitro micronucleus test

The assay was carried out in accordance with OECD
guideline 487. Briefly, blood samples were collected
from consenting donors using heparinized anticoagu-
lant tubes. Several 15 ml centrifuge tubes were prepared
according to the number of treatments. Each tube con-
tained 0.5 ml of whole blood, 4.5 ml of culture medium
(RPMI-1640) supplemented with 10% heat-inactivated
FBS, and 1% penicillin-streptomycin. Phytohaemag-
glutinin (PHA) (Thermo, MA, USA) was added to each
culture at a final concentration of 20 pg/ml to stimulate
cell division. The blood was then cultured at 37°C, 5%
CO,. Twenty hours after PHA induction, mitomycin-C
was added to the culture. At 44 hours post-PHA induc-
tion, DLBS1033 (100, 600, and 1200 pg/ml) or negative
control (phosphate buffer) was added to the respective
cultures. Afterward, 20 pl of 1.5 mg/ml cytochalasin B
was added to each culture to inhibit cell division. The
cultures were terminated at 72 hours post-PHA stimu-
lation.

Statistical analysis

Statistical differences between the test and negative
control groups were determined by student’s t-tests
(two-sided, P<0.05).

Results

Ames test assessment

The strain confirmation and the number of strain colo-
nies were consistent with the theoretical results provid-
ed by the Moltox kit. The mutagenicity result for each
group was considered positive if the number of revertant
colonies was at least twofold higher than that of the neg-
ative control. However, this threshold could increase to
threefold if the number of colonies in the negative con-
trol was too low (< 20 colonies), provided there was a
dose-response relationship in at least one strain (Hamel
etal., 2016; OECD, 2017; Levy et al., 2019). The results
of the Ames test are presented in Table 1. None of the
positive criteria was found in the study.
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TABLE 1: Ames test result

Without metabolic activation (-S9)

With metabolic activation (+S9)

Frameshift Base-pair Frameshift Frameshift Base-pair Frameshift
Test Substance Concentration ~ mutation substitution mutation mutation substitution mutation
TA98 TA100 TA1535 TA98 TA100 TA1535
IDIEERTIER 0 1646 101 +3 6+3 1541 123£3 550
(ug/ml)
100 151 112+4 8+2 21 £0* 124 £ 11 7+4
600 16 +1 122+ 13 13 £ 0* 21+£2 158 £22 9+3
1200 26+4 139 + 10* 11+1 24+ 13 153 +37 11+1
Soiinm et 15 - 600+3* 607+ 15* - - -
(ng/plate)
Daunomycin " ) ) ) ) .
(ug/plate) 6 446 £ 10
2-aminoanthracenea 10 _ ) _ 367+ 13% TMTC® 12140
(ng/plate)

Data are presented as the mean + SD of two replicates
* P<0.05 compared to negative control (0 pg/ml)

2 Positive control

> TMTC = too many to count

TABLE 2: Micronucleus test result

Long exposure without S9

Test Substance Concentration (pg/ml)

DLBS1033 0
100
600
1200

Mitomycin-C* 0.1

Data are presented as the mean + SD of two replicates
* P<0.05 compared to negative control (0 pg/ml)
positive control

In vitro micronucleus test assessment

According to OECD guideline 2016, the test substance
is considered positive if it meets the following criteria:
a) the increase of micronucleus number is dose-related
in at least one experimental condition, b) at least one of
the test concentrations exhibits a statistically significant
increase compared to a concurrent negative control, c)
any of the results are outside the distribution of the his-
torical negative control data (95% control limits of the
distribution). The results of the in vitro micronucleus test
are presented in Table 2. The micronucleus percentage
per 1000 binucleate of negative control at prolonged ex-

Percentage of micronuclei per 1000 binucleate cells

0.6+£0.2
0.8+£0.2
0.7+0.1
0.7+0.1

2.5+0.5%

posure without S9 should be around 0.1%—0.9% (95%
control limits of the distribution) by the historical data
(data not shown). None of the test results were found in
the positive criteria.

Discussion

DLBS1033 is a bioactive protein fraction that contin-
ues to be developed. It has been used as a drug substance
with anti-thrombotic and thrombolytic properties. Geno-
toxicity testing is necessary to enhance our understand-
ing of the presence or absence of genotoxic activity and
to provide greater assurance regarding the safety of the
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DLBS1033 formulation. The effects of genotoxins can
have adverse consequences, such as triggering cancer
(Philips and Arlt, 2017). Moreover, genotoxicity testing
has long been performed using the Ames test and Micro-
nucleus test (Sommer et al., 2020) and is continuously
evolving, such as the use of bacterial bioreporters (Biran
etal., 2010).

Safety studies on the mutagenicity of DLBS1033 have
been conducted using two tests: the bacterial reverse
mutation assay (Ames test) and the in vitro micronu-
cleus test (long exposure without S9). These tests were
performed in accordance with the guidelines outlined in
ICH S2(R1) (2011). In the Ames test, some concentra-
tions of DLBS1033 showed a significant increase in col-
ony numbers for certain strains. However, this increase
did not reach double or more than double, nor was a
dose relationship observed. The Ames test indicated that
DLBS1033 does not possess mutagenic effects. On the
other hand, the negative results from the in vitro micro-
nucleus long exposure without S9 were also observed.
There was no significant increase observed in micro-
nucleus compared to the control. Based on the results
of both genotoxicity tests, DLBS1033 does not exhibit
mutagenic effects. The in vitro study data obtained can
complement the previously completed in vivo toxicity
data (Sukandar et al., 2014).

Lumbrokinase, a component of DLBS1033, contrib-
utes to its anti-thrombotic and thrombolytic activities.
Although numerous studies have investigated the ac-
tivity and mechanisms of lumbrokinase, studies on its
mutagenicity remain limited. To date, we have found no
published studies specifically addressing the mutagenic-
ity of lumbrokinase. Safety studies related to its activi-
ty are also limited, such as a recent study by Agoncillo
(2021). However, we have conducted safety studies on
DLBS1033 itself, as mentioned earlier, and the results
support its safety (Tjandrawinata et al., 2016; Gayatri et
al., 2018; Pinzon et al., 2021).

DLBS1033 is a bioactive protein fraction that con-
tinues to be studied and developed. It has been used as
a drug substance with demonstrated efficacy as an an-
ti-thrombotic and thrombolytic agent. The results of the
Ames test using Salmonella typhimurium (strains TA9S,
TA100, and TA1535) showed no significant increase in
colony counts in any of the strains, supporting the con-
clusion that DLBS1033 is non-mutagenic. The conclu-
sion was also in line with the in vitro micronucleus test

(prolonged exposure without S9), which was also neg-
ative. Further genotoxicity studies will be conducted as
part of ongoing research.
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