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Background. There are still some unmet needs for stroke management and safety. DLBS1033 is a protein fraction extracted from the
earthworm Lumbricus rubellus that has shown ﬁbrinolytic and ﬁbrinogenolytic activities, reduces blood viscosity, and inhibits
platelet aggregation that it can be considered an add-on therapy and potential medical breakthrough in acute ischemic stroke
management. Objective. This study is aimed at measuring the beneﬁt of DLBS1033 in acute ischemic stroke management.
Methods. This was a randomized, open-label trial at a referral stroke center from November 2019 to December 2020. Subjects
who met the inclusion criteria were randomly divided into a control group and an experimental group. The control group
received standard therapy consisting of aspirin 100 mg once daily, atorvastatin 20 mg once daily, and vitamin B12 100 mg three
times daily. The experimental group received standard therapy and DLBS1033 three times daily. The functional outcomes were
measured using the National Institutes of Health Stroke Scale (NIHSS), Barthel Index (BI), and modiﬁed Rankin Scale (mRS) at
baseline, hospital discharge, and day 30. Results. Collected data from 180 subjects was analyzed. The NIHSS scores’
improvements were signiﬁcantly greater in the experimental group compared to the control group at both hospital discharge
(−5:57 ± 2:16 vs. −3:64 ± 2:65; p < 0:001) and day 30 (−6:62 ± 2:64 vs. −5:14 ± 2:41; p = 0:001). Compared with the control
group, the improvements in the BI scores were signiﬁcantly better in the experimental group, at both hospital discharge
(10:69 ± 5:36 vs. 6:64 ± 5:04; p < 0:001) and day 30 (10:9 ± 8:19 vs. 8:56 ± 7:45; p = 0:003). The distribution of mRS scores was
improved in both groups during 30 days of follow-up and was more favorable in the experimental group. In both groups, a
favorable outcome (mRS < 2) was achieved better at day 30 (86.7% vs. 80%; p = 0:302) than at baseline (0% vs. 6.7%; p = 0:028)
and at hospital discharge (58.9% vs. 43.3%; p = 0:085). There was no clinically signiﬁcant adverse event related to the study
product. Conclusions. DLBS1033 in addition to the standard care was more eﬀective in improving functional status compared to
standard care alone in acute ischemic stroke patients with a similar safety proﬁle.

1. Introduction
Stroke is a pathological manifestation of cerebral dysfunction
that occurs for longer than 24 hours or induces mortality
without indication of causes apart from vascular disorders
[1]. Dependent on pathological background, stroke can be
categorized into ischemic or hemorrhagic. Ischemic stroke
is caused by a disruption of the blood supply to the brain that

induces glucose and oxygen depletion in neurons, glia, and
vascular cells [2].
Several treatments, including thrombolytic therapy, antiplatelet drugs, anticoagulants, and neuroprotective agents,
are widely used to treat ischemic stroke [3]. There are still
some unmet needs for stroke management and the safety of
these interventions. Thrombolytic agents are not ﬁbrin-speciﬁc, causing excessive bleeding [4, 5]. Antiplatelet drugs
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Enrollment

Assessed for eligibility (n = 180)

Excluded (n = 0)
(i) Not meeting inclusion criteria (n = 0)
(ii) Declined to participate (n = 0)
(iii) Other reasons (n = 0)

Randomized (n = 80)

Allocation
Experimental group (n = 90)
(i) Received DLBS1033+standard therapy (n = 90)

Control group (n = 90)
(i) Received standard therapy (n = 90)

Follow-up
Experimental group (n = 69)
(i) Lost to follow-up (n = 8)
(ii) Adverse events (n = 11)
(iii) Died (n = 2)

Experimental group (n = 72)
(i) Lost to follow-up (n = 10)
(ii) Adverse events (n = 8)
(iii) Died (n = 0)

Analysis
Analysed (n = 90)

Analysed (n = 90)

Figure 1: CONSORT ﬂow chart of the study.

and anticoagulants prevent platelet aggregation and formation of ﬁbrin strands; these agents can therefore be used to
inhibit thrombogenesis but do not aﬀect existing clots [6].
DLBS1033 is lumbrokinase obtained from the extraction
of Lumbricus rubellus [7]. Lumbrokinase is a collective name
for a group of bioactive proteolytic enzymes that has ﬁbrinolytic and ﬁbrinogenolytic activities, reduces blood viscosity,
and reduces platelet aggregation [8, 9]. In addition, lumbrokinase is highly speciﬁc to ﬁbrin, meaning lumbrokinase does
not induce excessive bleeding [10].
This study is aimed at measuring the beneﬁt of
DLBS1033 in ischemic stroke patients as add-on therapy.
Thus, if DLBS1033 shows a better outcome than standard
therapy, DLBS1033 for ischemic stroke patients can be considered an add-on therapy.

2. Methods
2.1. Study Design and Subject Selection. This study was conducted using a randomized, controlled, open-label design
from November 2019 to December 2020. The subjects consisted of acute ischemic stroke patients at Bethesda Hospital
Yogyakarta, Indonesia. The inclusion criteria in this study
were as follows: (i) male or female, (ii) adult age (>18 years
old), (iii) diagnosed for the ﬁrst time as acute ischemic stroke,
(iv) onset of less than 24 hours, (v) not a referral patient, (vi)
GCS score of 15, and (vii) NIHSS score less than 14 (mild to
moderate severity). The exclusion criteria in this study were

as follows: (i) subjects known to have DLBS1033 hypersensitivity, (ii) participated in other studies for the past one
month, and (iii) not competent enough in giving approval
and answering questionnaires. Subject withdrawal occurs
when (i) some serious adverse events were experienced by
the subjects, (ii) subjects suﬀered from any condition that
might interfere with medication and assessment, or (iii) subjects died.
2.2. Interventions. Subjects who met the inclusion and exclusion criteria will be randomly divided into a control group
and an experimental group using a computer-generated randomization program at a 1 : 1 ratio. The control group
received standard therapy consisting of aspirin 100 mg once
daily, atorvastatin 20 mg once daily, and vitamin B12
100 mg three times daily. The experimental group received
standard therapy and DLBS1033: each tablet contains
490 mg of the Lumbricus rubellus bioactive fraction with a
dosage of three times daily. Both groups received therapy
for 30 days.
2.3. Outcome Measurement. The main outcomes of this trial
were functional status measured using the National Institutes
of Health Stroke Scale (NIHSS), Barthel Index (BI), and
modiﬁed Rankin Scale (mRS) in Indonesian. Functional status was measured at baseline, hospital discharge, and day 30
after initial treatment. The NIHSS is a scoring instrument
used to measure the level of stroke-induced impairment;
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Table 1: Subjects’ clinical characteristics.

Characteristics
Age, mean (SD) (years)
Gender
Male
Female
Marriage
Married
Divorced
Not married
Education
Elementary school
Junior high school
Senior high school
Bachelor degree
Others
Occupation
Civil servant
Entrepreneur
Private employee
Retired
Unemployment
Others
Type of health ﬁnancing
Public insurance
Private insurance
Fee for service
Company insurance
Comorbidities
Hypertension
Diabetes mellitus
Cardiovascular disease
Gastrointestinal disease
Others
Concomitant medications
Antihypertensive medication
Antidiabetic medication
Antiplatelet
PPI/H2 blocker
Anticoagulant
Muscle strength
0-no contraction
1-visible muscle contraction without limb movement
2-active movement, but not against gravity
3-active movement against gravity
4-active movement against gravity and resistance
5-normal muscle power
Location of lesions on CT scan
Cortex

No. (%)
p value
Experimental group (n = 90) Control group (n = 90) Total (n = 180)
61.4 (10.0)

61.3 (11.8)

62.4 (11.0)

0.24

54 (60%)
36 (40%)

54 (60%)
36 (40%)

108 (60%)
72 (40%)

1

76 (84.4%)
11 (12.2%)
3 (3.3%)

73 (81.1%)
15 (16.7%)
2 (2.2%)

149 (82.8%)
26 (14.4%)
5 (2.8%)

0.645

18 (20%)
13 (14.4%)
25 (27.8%)
21 (23.3%)
13 (14.4%)

14 (15.6%)
12 (13.3%)
30 (33.3%)
20 (22.2%)
14 (15.6%)

32 (17.8%)
25 (13.9%)
55 (30.6%)
41 (22.8%)
27 (15%)

0.901

7 (7.8%)
14 (15.6%)
10 (11.1%)
18 (20%)
14 (15.6%)
27 (30%)

4 (4.4%)
6 (6.7%)
10 (11.1%)
28 (31.1%)
21 (23.3%)
21 (23.3%)

11 (6.1%)
20 (11.1%)
20 (11.1%)
46 (25.6%)
35 (19.4%)
48 (26.7%)

0.138

64 (71.1%)
1 (1.1%)
23 (25.6%)
2 (2.2%)

64 (71.1%)
0 (0%)
21 (23.3%)
5 (5.6%)

128 (71.1%)
1 (0.6%)
44 (24.4%)
7 (3.9%)

0.498

49 (54.4%)
30 (33.3%)
19 (21.1%)
3 (3.3%)
4 (4.4%)

47 (52.2%)
30 (33.3%)
20 (22.2%)
8 (8.9%)
7 (7.8%)

96 (53.3%)
60 (33.3%)
39 (21.7%)
11 (6.1%)
11 (6.1%)

0.765
1
0.856
0.12
0.351

45 (50%)
29 (32.2%)
84 (93.3%)
2 (2.2%)
0 (0%)

45 (50%)
30 (33.3%)
86 (95.6%)
1 (1.1%)
0 (0%)

90 (50%)
59 (32.8%)
170 (94.4%)
3 (1.7%)
0 (0%)

1
0.874
0.515
1
1

2 (2.2%)
4 (4.4%)
12 (13.3%)
26 (28.9%)
43 (47.8%)
3 (3.3%)

0 (0%)
1 (1.1%)
10 (11.1%)
15 (16.7%)
55 (61.1%)
9 (10%)

2 (1.1%)
5 (2.8%)
22 (12.2%)
41 (22.8%)
98 (54.4%)
12 (6.7%)

0.044

32 (35.6%)

29 (32.2%)

61 (33.9%)

0.912
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Table 1: Continued.

Characteristics

No. (%)
p value
Experimental group (n = 90) Control group (n = 90) Total (n = 180)

Subcortex
Cortex and subcortex
Atrophy on CT scan
Visible atrophy
No atrophy
Number of lesions on CT scan
Single
Multiple
CDT, mean (SD)
Length of stay, median (range) (days)

42 (46.7%)
16 (17.8%)

44 (48.9%)
17 (18.9%)

86 (47.8%)
33 (18.3%)

24 (26.7%)
66 (73.3%)

28 (31.1%)
62 (68.9%)

52 (28.9%)
128 (71.1%)

53 (58.9%)
37 (41.1%)
2.6 (1.5)
4 (0-16)

49 (54.4%)
41 (45.6%)
2.2 (1.6)
3 (2-13)

102 (56.7%)
78 (43.3%)
2.4 (1.5)
4 (0-24)

0.48

0.504
0.229
0.15

Data are presented as mean ± standard deviation ðSDÞ and nð%Þ. Abbreviations: CDT: Clock Drawing Test; CT: computed tomography; GCS: Glasgow Coma
Scale.

score 0 represents no stroke, and score 42 represents the most
severe stroke. The Barthel Index is a scale that calculates disability or dependency in patients with stroke during daily living activities; score 0 represents a fully dependent patient,
while score 20 represents an independent patient. The mRS
is a 7-point disability scale where 0 is no symptoms at all
and 6 indicates the patient is dead.
2.4. Statistical Analysis. This study applied intention-to-treat
analysis with a 95% conﬁdence interval and 5% type 1 error.
The subjects’ clinical characteristics were analyzed using univariate analysis. For between-group analysis, categorical variables were assessed using a chi-squared test or Fisher exact
test. Meanwhile, for numerical variables, an independent t
-test or Mann-Whitney U test was used, depending on the
normality of data distribution. Statistical signiﬁcance was
set at p < 0:05. Missing data was calculated using multiple
imputations. The analysis was performed using version 21.0
of SPSS.
2.5. Ethical Considerations. This research was conducted
according to the Declaration of Helsinki. Ethical approval
number 07/KEPK-RSB/I/20 was obtained from Bethesda
Hospital Yogyakarta, Indonesia. This research has been registered at ClinicalTrials.gov with the clinical trial registry
number of NCT04425590.

3. Results
A total of 180 eligible subjects were randomly allocated into
the experimental group (90 subjects) and the control group
(90 subjects). Eighteen subjects in the experimental group
(10 subjects were lost to follow-up, and 8 subjects were due
to AE) and 21 subjects (8 subjects were lost to follow-up, 11
subjects were due to AE, and 2 subjects died) in the control
group terminated the research at the completion of the follow-up, 30 days after initial treatment. Collected data from
180 subjects, including those who terminated the study, were
analyzed (CONSORT ﬂow chart; Figure 1).

3.1. Subjects’ Clinical Characteristics. Subjects’ clinical characteristics are shown in Table 1. The number of male and
female subjects in this study was the same, namely, 50 (50%)
male subjects and 50 (50%) female subjects. The mean age of
the subjects was 61:4 ± 10:0 years old in the experimental
group and 61:3 ± 11:8 years old in the control group. The
most common comorbidity in both groups was hypertension,
with a total of 49 (54.4%) subjects in the experimental group
and 47 (52.2%) subjects in the control group having hypertension. Eighty-four (93.3%) subjects from the experimental
group and 86 (95.6%) subjects from the control group were
using antiplatelet drugs, making antiplatelet drugs the most
common concomitant medications in this study. The most
frequent location and number of lesions on the CT scan ﬁndings in this study, respectively, were the subcortex (47.8%) and
a single lesion (56.7%). Most of the CT scan ﬁndings showed
no signs of atrophy (71.1%). The mean scores of the Clock
Drawing Test (CDT) in the experimental group and the control group were 2:6 ± 1:5 and 2:2 ± 1:6, respectively. The
length of time the subjects were hospitalized ranged from 0
to 24 days with a median of 4 days. There was no signiﬁcant
diﬀerence in subjects’ baseline characteristics in this study
(p > 0:05), except for muscle strength (p = 0:044).
3.2. Laboratory Findings. Table 2 shows the laboratory ﬁndings of the subjects. The majority of laboratory ﬁndings were
within the normal range. Meanwhile, the mean urea numbers
of the experimental group and the control group are higher
than the normal range. There was no signiﬁcant diﬀerence
between both groups in the laboratory ﬁndings.
3.3. Functional Status Improvement. During the study period,
we measured the functional state of subjects in three series
with the NIHSS, mRS, and BI in Indonesian. The mean
NIHSS scores at baseline, hospital discharge, and day 30
between the experimental group and the control group were
7:3 ± 2:774 vs. 6:02 ± 2:895, 1:73 ± 2:8 vs. 2:38 ± 3:224, and
0:68 ± 2:027 vs. 0:88 ± 2:054, respectively. The comparisons
of mRS scores between both groups were 3:48 ± 0:657 vs.
3:1 ± 0:912, 1:54 ± 1:051 vs. 1:92 ± 1:309, and 0:98 ± 0:948
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Table 2: Laboratory ﬁndings of subjects.

Laboratory ﬁnding

Experimental group (n = 90)

Median (IQR)
Control group (n = 90)

Total (n = 90)

145.5 (99.0-184.0)
8.2 (5.4-12.8)
258.5 (124.0-502.0)
4.8 (2.8-8.05)
10.9 (5.5-40.5)
90.6 (56.6-388.1)
139.4 (125.9-150.7)
3.9 (2.9-5.9)
7.8 (2.6-41.9)

139.0 (99.0-184.0)
8.0 (5.3-19.2)
235.0 (144.0-1291.0)
5.1 (3.3-7.8)
9.9 (4.4-32.0)
88.4 (41.6-160.9)
139.4 (129.9-145.0)
3.9 (2.7-5.2)
7.6 (4.4-18.8)

138.0 (80.0-184.0)
8.8 (3.7-20.4)
263.0 (97.0-1291.0)
5.1 (2.7-8.1)
9.9 (4.3-40.5)
85.8 (41.6-388.1)
139.9 (125.9-150.7)
3.8 (2.7-5.9)
7.8 (2.6-41.9)

Hemoglobin (g/L)
Leucocyte count (×109/L)
Platelet count (×109/L)
Total cholesterol (mmol/L)
Urea (mmol/L)
Creatinine (μmol/L)
Sodium (mmol/L)
Potassium (mmol/L)
Blood glucose (mmol/L)

p value
0.547
0.895
0.181
0.409
0.676
0.826
0.656
0.858
0.665

Table 3: Comparison of NIHSS and BI scores between the experimental and control groups.

NIHSS
Baseline
Hospital discharge
Day 30
Change from baseline to hospital discharge
Change from baseline to day 30
BI
Baseline
Hospital discharge
Day 30
Change from baseline to hospital discharge
Change from baseline to day 30

Experimental group (n = 90)

Control group (n = 90)

p value

7.3 (2.774)
1.73 (2.8)
0.68 (2.027)
-5.57 (2.16)
-6.62 (2.64)

6.02 (2.895)
2.38 (3.224)
0.88 (2.054)
-3.64 (2.65)
-5.14 (2.41)

0.001
0.134
0.278
<0.001
0.001

3.96 (3.43)
14.64 (6.18)
14.86 (8.11)
10.69 (5.36)
10.9 (8.19)

5.48 (4.48)
12.12 (7.08)
14.04 (8.11)
6.64 (5.04)
8.56 (7.45)

0.047
0.008
0.163
<0.001
0.003

Abbreviations: SD: standard deviation; BI: Barthel Index; NIHSS: National Institutes of Health Stroke Scale. Data are presented as mean (standard deviation).

NIHSS
7.3

BI scale
14.64

6.02

12.12

14.86
14.04

5.48

2.38
1.73
Baseline

Discharge

0.88
0.68
30 days

Experimental group (DLBS1033+standard care)
Control group (standard care)

Figure 2: Change from baseline in the mean average National
Institutes of Health Stroke Scale (NIHSS) score during the
treatment period and follow-up period.

vs. 1:03 ± 1:022, respectively, at baseline, hospital discharge,
and day 30. The comparisons of BI scores between both
groups at baseline, hospital discharge, and day 30 were 3:96
± 3:43 vs. 5:48 ± 4:48, 14:64 ± 6:18 vs. 12:12 ± 7:08, and
14:86 ± 8:11 vs. 14:04 ± 8:11, respectively.
The NIHSS scores’ improvements were signiﬁcantly
greater in the experimental group compared to the control
group at both hospital discharge (−5:57 ± 2:16 vs. −3:64 ±

3.96
Baseline

Discharge

30 days

Experimental group (DLBS1033+standard care)
Control group (standard care)

Figure 3: Change from baseline in the mean average Barthel Index
(BI) score during the treatment period and follow-up period.

2:65; p < 0:001) and day 30 (−6:62 ± 2:64 vs. −5:14 ± 2:41; p
< 0:001). Compared with the control group, the improvements in the BI scores were signiﬁcantly better in the experimental group, at both hospital discharge (10:69 ± 5:36 vs.
6:64 ± 5:04; p < 0:001) and day 30 (10:9 ± 8:19 vs. 8:56 ±
7:45; p < 0:001). The NIHSS and BI scores’ improvements
are shown in Table 3 and Figures 2 and 3.
Table 4 and Figures 4 and 5 show the proportion of
patients at each mRS score in the experimental and control
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Table 4: The mRS score distribution.
Experimental group (n = 90)

No. (%)
Control group (n = 90)

Total (n = 180)

0 (0%)
0 (0%)
8 (8.9%)
31 (34.4%)
51 (56.7%)
0 (0%)
0 (0%)

1 (1.1%)
5 (5.6%)
12 (13.3%)
38 (42.2%)
34 (37.8%)
0 (0%)
0 (0%)

1 (0.6%)
5 (2.8%)
20 (11.1%)
69 (38.3%)
85 (47.2%)
0 (0%)
0 (0%)

0.028

10 (11.1%)
43 (47.8%)
21 (23.3%)
10 (11.1%)
6 (6.7%)
0 (0%)
0 (0%)

9 (10%)
30 (33.3%)
21 (23.3%)
11 (12.2%)
17 (18.9%)
0 (0%)
2 (2.2%)

19 (10.6%)
73 (40.6%)
42 (23.3%)
21 (11.7%)
23 (12.8%)
0 (0%)
2 (1%)

0.085

25 (27.8%)
53 (58.9%)
6 (6.7%)
1 (1.1%)
5 (5.6%)
0 (0%)
0 (0%)

25 (27.8%)
47 (52.2%)
6 (6.7%)
6 (6.7%)
4 (4.4%)
0 (0%)
2 (2.2%)

50 (27.8%)
100 (55.6%)
12 (6.7%)
7 (3.9%)
9 (5.0%)
0 (0%)
2 (1%)

0.302

Baseline
0-no symptoms at all
1-no signiﬁcant disability despite symptoms
2-slight disability
3-moderate disability
4-moderately severe disability
5-severe disability
6-dead
Hospital discharge
0-no symptoms at all
1-no signiﬁcant disability despite symptoms
2-slight disability
3-moderate disability
4-moderately severe disability
5-severe disability
6-dead
Day 30
0-no symptoms at all
1-no signiﬁcant disability despite symptoms
2-slight disability
3-moderate disability
4-moderately severe disability
5-severe disability
6-dead

p value

Abbreviations: mRS: modiﬁed Rankin Scale.

Experimental group

30 days

Discharge

0%

20%
mRS = 0
mRS = 1
mRS = 2

6

51

31

8

10

21

43

10

Onset 0

6 1 5

53

25

40%

60%

80%

100%

mRS = 3
mRS = 4

Figure 4: Modiﬁed Rankin Scale score distribution at baseline onset, discharge, and day 30 of stroke in the experimental group (DLBS1033
therapy+standard treatment).
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Control group

30 days

Discharge

9

Onset 1 5

0%

6

47

25

11

21

30

20%

40%

mRS = 0
mRS = 1
mRS = 2

4 2

17

2

0

34

38

12

6

60%

80%

100%

mRS = 3
mRS = 4
mRS = 6

Figure 5: Modiﬁed Rankin Scale score distribution at baseline onset, discharge, and day 30 of stroke in the control group (standard treatment
only).
Table 5: Adverse events.

groups at baseline, hospital discharge, and 30 days. There was
a signiﬁcant diﬀerence in the distribution of the mRS scores
between both groups at baseline (p = 0:028). Meanwhile,
the distribution of the mRS scores between both groups at
hospital discharge (p = 0:104) and day 30 (p = 0:390) has no
signiﬁcant diﬀerences. The mRS scores of <2 were deﬁned
as a favorable outcome.
At baseline onset, most of the patients had a less favorable
outcome (mRS ≥ 2). In the experimental group, 90 patients
(100%) presented with mRS scores more than or equal to 2;
in the control group, 84 (93.3%) patients had a less favorable
outcome.
Fifty-three patients (58.9%) in the experimental group
and 39 patients (43.3%) in the control group had mRS scores
of <2 at hospital discharge. The number of subjects who had
mRS scores of <2 at day 30 was greater than at hospital discharge. At day 30, patients in the experimental group had a
higher rate of favorable outcomes (mRS < 2) compared with
the control group (86.7% vs. 80%; p = 0:302).
3.4. Adverse Events. Tables 5 and 6 compare the adverse
events between the experimental group and the control
group. There were 14 (8%) subjects experiencing adverse
events at hospital discharge, consisting of 6 subjects of the
experimental group and 8 subjects of the control group. Five
(3.4%) subjects, including 2 subjects of the experimental
group and 3 subjects of the control group, experienced
adverse events at day 30. Gastrointestinal discomfort, heartburn, vomiting, gastrointestinal tract bleeding, cephalgia,
thrombocytopenia, and anemia were the side eﬀects encountered by the subjects (as shown in Table 6); no side eﬀects
have been associated with DLBS1033. Approaches taken to
manage adverse events were as follows: drug withdrawn,
administration of gastroprotective agents (PPIs), gastric
lavage, and blood transfusions.

Hospital discharge
Any adverse
event
No adverse event
Day 30
Any adverse
event
No adverse event

Experimental
group
ðn = 90Þ

No. (%)
Control
group
ðn = 90Þ

6 (6.7%)

8 (8.9%)

14 (7.8%)

83 (92.2%)

79 (87.8%)

162 (90%)

2 (2.2%)

3 (3.3%)

5 (5.6%)

74 (82.2%)

69 (76.7%)

143 (79.4%)

Total
ðn = 180Þ

Table 6: Type of adverse events.
Type of adverse
event
GI discomfort
Heartburn
Vomiting
GI tract bleeding
Cephalalgia
Thrombocytopenia
Anemia

Experimental
group (n = 90)
2 (2.2%)
1 (1.1%)
1 (1.1%)
4 (4.4%)
1 (1.1%)
1 (1.1%)
0 (0%)

No. (%)
Control group
Total
(n = 90)
(n = 180)
3 (3.3%)
5 (5.6%)
0 (0%)
3 (3.3%)
0 (0%)
1 (1.1%)
1 (1.1%)

5 (2.8%)
6 (3.3%)
1 (0.6%)
7 (3.9%)
1 (0.6%)
2 (1.1%)
1 (0.6%)

Abbreviations: GI: gastrointestinal.

4. Discussion
DLBS1033, as protein extract from the earthworm Lumbricus
rubellus, has been known for its antithrombotic and thrombolytic eﬀects [7]. The present study was carried out to
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investigate the potential eﬀects of DLBS1033 as treatment of
acute ischemic stroke in our trial settings.
Compared with standard treatment only, DLBS1033
administration demonstrated more favorable eﬀects on
NIHSS severity, BI functional outcomes, and mRS disability
at discharge and at 30 days compared with standard treatment in patients with acute ischemic stroke. DLBS1033
administration versus standard treatment did not exhibit
major adverse events with similar safety proﬁles. A multicenter study reported that the ﬁbrinogen-depleting agent lumbrokinase showed a favorable eﬀect in reducing the volume
of atherosclerotic plaques, NIHSS scores, and cerebral vascular events as it was also beneﬁcial for secondary ischemic
stroke prevention [11, 12].
This eﬀect was also similar between groups, including
age, gender, imaging classiﬁcation, comorbidities, cognitive
status, length of stay, baseline cholesterol, and blood glucose,
including other laboratory values. Additionally, DLBS1033
was well tolerated in the current study with no major safety
concerns. Gastrointestinal tract-related symptoms were the
most commonly reported adverse event in patients treated
with either DLBS1033 or standard treatment alone but were
similar in frequency for both study arms. Multiple studies
also showed that DLBS1033 was proven safe without severe
adverse events related to the administration [7, 13].
An elevated ﬁbrinogen level has been known as a major
risk factor for ischemic cerebrovascular events. The potential
eﬀects of DLBS1033 on acute ischemic stroke have been
reported as ﬁbrinolytic, ﬁbrinogenolytic, and antiplatelet
aggregation activities. A recent study also showed that the
lumbrokinase mechanism of inhibition of the intrinsic coagulation pathway induces ﬁbrinolytic activity by increasing
the tPA activity and plasminogen activator. Blood viscosity
is related to the ﬁbrinogen level. Thus, the degradation activity of DLBS1033 on the ﬁbrinogen chains can decrease the
blood viscosity level. The crucial role of platelet aggregation
inhibition by lumbrokinase was exerted by increasing the
cAMP level and inhibiting the Ca transport [14, 15]. A
meta-analysis of 727 ischemic stroke patients showed a signiﬁcant reduction in the ﬁbrinogen level and blood viscosity
in the lumbrokinase-treated group [16].
However, the eﬀects of DLBS1033 were not immediately
observed, unlike intravenous thrombolytic therapy, which
can be seen right after use. Therefore, the use of oral
DLBS1033 is not recommended to replace the function of
intravenous thrombolysis or rtPA in acute ischemic stroke
treatment. However, the use of the lumbrokinase agent may
be eﬀective as an adjuvant drug alongside the standard treatment for ischemic stroke [11]. A study of oral lumbrokinase
eﬃcacy in patients with stable angina pectoris showed that
the drug might improve myocardial perfusions and also provide potential beneﬁts for a long period of use in cardiovascular events [17]. The ﬁndings of this trial may serve as a
ground for further studies for the use of DLBS1033 in reducing morbidity and mortality in ischemic stroke patients.
There are some limitations of the present study regarding
the potential eﬀect of the DLBS1033 agent. The eﬀect of
DLBS1033 was not studied and compared with diﬀerent
doses. This may raise the question of whether greater eﬀec-

Stroke Research and Treatment
tiveness might be observed with higher DLBS1033 doses.
Further studies with a longer treatment period at various
doses are needed. Bias due to the study’s unblinding nature
and lack of a placebo arm may also aﬀect the outcome data.
The current study was a hypothesis-generating, exploratory
study, and the ﬁndings should be validated in future conﬁrmatory studies with a double-blind, placebo-controlled
design. Finally, the favorable and safety proﬁle of DLBS1033
compared with standard care in this study is an additional
modiﬁcation for future studies that will allow for a better
understanding of the potential eﬃcacy and safety of
DLBS1033 with respect to ischemic stroke or other diseases.

5. Conclusion
This trial showed that DLBS1033 was more eﬀective in
improving functional status compared to standard care only
in acute ischemic stroke patients with a comparable safety
proﬁle. Our study may support the use of DLBSS1033 as an
adjuvant treatment for patients with acute ischemic stroke.

Data Availability
Data are available on request from the ﬁrst author.

Conflicts of Interest
The authors report no conﬂict of interest in this study. Raymond R. Tjandrawinata is an employee from Dexa Laboratories of Biomolecular Science.

Authors’ Contributions
The contributions of the authors involved in this study are as
follows: Rizaldy Pinzon: conceptualization, methodology,
supervision, project administration, funding, and writingoriginal draft preparation; Raymond Tjandrawinata: conceptualization, investigation, methodology, and resources; Vincent
Wijaya: investigation, formal analysis, writing-original draft
preparation, writing-editing and reviewing, and data curation;
and Vanessa Veronica: project administration, formal analysis,
writing-original draft, and writing-editing and reviewing.

Acknowledgments
We thank the participants for participating in the study.

References
[1] WHO MONICA Project Investigators, “The World Health
Organization MONICA Project (monitoring trends and determinants in cardiovascular disease): a major international collaboration,” Journal of Clinical Epidemiology, vol. 41, no. 2,
pp. 105–114, 1988.
[2] D. A. Greenberg, Clinical Neurology, Mc-Graw Hill Education,
San Francisco, 9th edition, 2015.
[3] H. P. Adams Jr., G. Del Zoppo, M. J. Alberts et al., “Guidelines
for the early management of adults with ischemic stroke: a
guideline from the American Heart Association/American
Stroke Association Stroke Council, Clinical Cardiology

Stroke Research and Treatment

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Council, Cardiovascular Radiology and Intervention Council,
and the Atherosclerotic Peripheral Vascular Disease and Quality of Care Outcomes in Research Interdisciplinary Working
Groups: The American Academy of Neurology aﬃrms the
value of this guideline as an educational tool for neurologists,”
Stroke, vol. 38, no. 5, pp. 1655–1711, 2007.
J. A. Delaney, L. Opatrny, J. M. Brophy, and S. Suissa, “Drugdrug interactions between antithrombotic medications and the
risk of gastrointestinal bleeding,” CMAJ, vol. 177, no. 4,
pp. 347–351, 2007.
M. W. Vernooij, M. D. Haag, A. van der Lugt et al., “Use of
antithrombotic drugs and the presence of cerebral microbleeds,”
Archives of Neurology, vol. 66, no. 6, pp. 714–720, 2009.
D. E. Becker, “Antithrombotic drugs: pharmacology and
implications for dental practice,” Anesthesia Progress, vol. 60,
no. 2, pp. 72–80, 2013.
J. Trisina, F. Sunardi, M. T. Suhartono, and R. R. Tjandrawinata, “DLBS1033, a protein extract from Lumbricus rubellus,
possesses antithrombotic and thrombolytic activities,” Journal
of Biomedicine and Biotechnology, vol. 2011, 7 pages, 2011.
H. Mihara, H. Surni, T. Yoneta et al., “A novel ﬁbrinolytic
enzyme extracted from the earthworm Lumbricus rubellus,” The
Japanese Journal of Physiology, vol. 41, no. 3, pp. 461–472, 1991.
J. W. Cho, E. S. Choi, H. G. Lim, and H. H. Lee, “Puriﬁcation
and characterization of six ﬁbrinolytic serine-proteases from
earthworm Lumbricus rubellus,” Journal of Biochemistry and
Molecular, vol. 37, no. 2, pp. 199–205, 2004.
T. Hrženjak, M. Popović, T. Božić, M. Grdisa, D. Kobrehel,
and L. Tiška-Rudman, “Fibrinolytic and anticoagulative activities from the earthworm _Eisenia foetida_,” Comparative Biochemistry and Physiology. Part B, Biochemistry & Molecular
Biology, vol. 119, no. 4, pp. 825–832, 1998.
Y. J. Cao, X. Zhang, W. H. Wang et al., “Oral ﬁbrinogendepleting agent lumbrokinase for secondary ischemic stroke
prevention: results from a multicenter, randomized, parallelgroup and controlled clinical trial,” Chinese Medical Journal,
vol. 126, no. 21, pp. 4060–4065, 2013.
R. Pinzon and V. Veronica, “Improvement in functional status
of acute ischemic stroke patients treated with DLBS1033 as
add on therapy: a randomized controlled study,” Journal of
Pharmaceutical Sciences and Research, vol. 12, no. 5,
pp. 667–672, 2020.
A. Gayatri, N. Nafrialdi, R. D. Setiabudy, R. R. Tjandrawinata,
A. Rachman, and M. Louisa, “A clinical trial on biological half
life of bioactive protein from Lumbricus rubellus, DLBS1033
in healthy volunteers,” Acta Medica Indonesiana, vol. 50,
no. 3, pp. 208–214, 2018.
T. Matsuda and M. Murakami, “Relationship between ﬁbrinogen and blood viscosity,” Thrombosis Research, vol. 8, 2 suppl,
pp. 25–33, 1976.
H. Ji, L. Wang, H. Bi et al., “Mechanisms of lumbrokinase in
protection of cerebral ischemia,” European Journal of Pharmacology, vol. 590, no. 1-3, pp. 281–289, 2008.
Y. P. Sukmawan, “Lumbrokinase reduced the ﬁbrinogen concentration in ischemic cerebrovascular disease patients: a systematic review and meta-analysis,” Indonesian Journal of
Clinical Pharmacy, vol. 9, no. 1, p. 43, 2020.
M. Kasim, A. A. Kiat, M. S. Rohman, Y. Hanifah, and H. Kiat,
“Improved myocardial perfusion in stable angina pectoris by
oral lumbrokinase: a pilot study,” Journal of Alternative and
Complementary Medicine, vol. 15, no. 5, pp. 539–544, 2009.

9

