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ABSTRACT 

Objective: This research was conducted to screen the anticancer activity of bitter herbs that contains Andrographis paniculata (Brum. f) leaves (AP) 
and Tinospora crispa L. stems (TC) in form of fresh materials and extracts using a mechanism-based yeast bioassay. 

Methods: Samples tested by mechanism-based yeast bioassay (MBYB) were single extract, mixed extract, and jamu gendong pahitan from a 
traditional market and made in the laboratory. Fresh sample of jamu gendong pahitan from the market and a single extract (AP and TC) was tested 
at one dose. While fresh jamu gendong pahitan made in the laboratory and the mixed extract (AP: TC) was tested at three different doses, doses 1 
(3:10), dose 2 (1:1), and dose 3 (10:3). The leaves and stems were extracted by 70% ethanol for 3x24 h, each day the solvent was changed then 
every macerate was evaporated using a rotavapor and water bath. By this MBYB method, noted that the active sample must have an IC12 value 
of<8000µg/ml, so all the samples or doses were tested using final concentration varying at around 8,000; 4,000; 2,000; 1,000; 500, 250, and 
125µg/ml. 

Results: The percentage yield of Andrographis paniculata (Brum. f) leaves was 11.2% and Tinospora crispa L. stems was 19.%. The activity assay for 
jamu gendong pahitan from the traditional market was inactive as a topoisomerase inhibitor (IC12>8000µg/ml). Samples showed topoisomerase I 
inhibitor activity were jamu gendong pahitan made in laboratory doses 1 and 2. While samples showed topoisomerase I and II inhibitor activities 
were jamu gendong pahitan made in laboratory dose 3, single and mixed extracts. 

Conclusion: The fresh material of jamu gendong pahitan (bitter herbs) bought from the market is inactive, while the fresh material of samples of 
jamu gendong pahitan made in laboratory doses 1 and 2 have topoisomerase I inhibitor activity. Based on the IC12, value, it is known that the sample 
that gave the best activity was the mixed extract of bitter herbs dose 3 that contain extract of A. paniculata and T. crispa (10:3), with IC12 values in 
strains 1138, 1140, and 1353 were 926.28±173, 576.75±42, and 865.5±135µg/ml respectively. 
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INTRODUCTION  

Jamu gendong is a traditional medicine in Indonesian culture that is 
sold by carrying it on the back of women using a shawl. The 
ingredients are made from roots, stems, leaves, and flowers, which are 
brewed with hot water and then filtered and drunk [1]. Jamu gendong 
pahitan (bitter herbs) is a type of black potion made from 
Andrographis paniculata (Brum. f) leaves and Tinospora crispa L. 
stems. This potion has many functions; for instance, it prevents allergy, 
itch, and acne as anti-inflammation [2, 3]. Moreover, pahitan could be 
used as an immunomodulator, stabilization of blood glucose, 
antioxidant, and antiproliferation in cancer treatment [4-6]. A. 
paniculata leaves have compounds such as andrographolide, 
neoandrographolid, chlorogenic acid, caffeic acid, tannins, saponins, and 
flavonoids [7]. In HT-29 cancer cell line, it allows apoptosis and inhibits 
the cell cycle that depends on its doses [8]. The andrographolide 
compound has activity as an anticancer through inhibition of NF-kb and 
multiple lipid-dependent pathways in the lungs, ovary, and breast cancer 
[9, 10]. In addition, T. crispa L. stems contain tinocropside, columbine, 
berberine, apigenin, and pycroretoside glycoside for allowing apoptosis, 
decreasing blood glucose levels, and NF-Kb gene expression in breast 
cancer cells [11, 12].  

Genetic disease grows more significantly from tumors that could 
move across cells or tissues named cancer. In cancer disease, there is 
a gene mutase from protooncogen, DNA repair, and suppressor 
genes. Chemotherapy targeting topoisomerase enzyme is one of the 
options for the treatment of cancer. Topoisomerase enzyme has two 
types, namely topoisomerase I and II. The topoisomerase I enzyme is 
relaxing one strand of supercoiled DNA, while the topoisomerase II 
enzyme is relaxing two strands of supercoiled DNA. The inhibition 
process is initiating stable covalent bound enzyme-DNA; therefore, 
the DNA diminishes. This process inhibits anti-apoptosis (Bcl-xl and 

Bcl-2) expression, hence the cancer cells not growing up [13]. The 
process targeting this enzyme was studied in yeast as a biological 
model system due to its biochemical close to mammalian cells, 
therefore, it could be used for evaluating anticancer agents. Each 
component of this bitter herb has been reported to have activity as 
anticancer. However, the composition of these plants as bitter herb 
ingredients has never been reported. Therefore, this research was 
conducted to screen the anticancer activity of bitter herbs in fresh 
material and extract forms using a mechanism-based yeast bioassay.  

MATERIALS AND METHODS 

Andrographis paniculata (Brum. f) leaves Tinospora crispa L. stems 
was identified at Herbarium Jatinangor of Universitas Padjadjaran 
with document number 38/HB/10/2022 and 22/HB/10/2022 
respectively. 70% ethanol (technical grade), Distilled water, Dimethyl 
sulfoxyde (Merck), agar bacteriological (Himedia), peptone 
(Condalab), dextrose (Condalab), yeast extract (Condalab), potato 
dextrose agar (PDA, Condalab), potato dextrose broth (PDB, Condalab), 
and sodium chloride (Merck). Saccharomyces cerevisiae strain wild, 
1140, 1138, 1353 is similar with previous research [14-16]. 

Preparation of jamu gendong pahitan  

Fresh jamu gendong pahitan was collected from six traditional 
market in Bandung city West Java, Indonesia. Before collection, we 
make some short survey. Every seller was asked questions about 
ingredients, how to make it, and indications of it. Based on the 
interviews, we compare the results and choose one seller with the 
standard formula that represents the other seller. Then, the other 
sample was jamu gendong made in the laboratory, dependent on a 
chosen formula from the interview. All ingredients were grinded, 
brewed with water at 70 ℃ and filtrated it [17]. 
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Extraction  

A. paniculata (Brum. f) leaves and T. crispa L. stems were sorted, 
chopped into small pieces then dried in an oven for 24-48 h. 
Extraction of dried leaves and stems was done by ethanol 
maceration for 3x24 h. The macerate was filtrated and concentrated 
with a rotary evaporator temperature at 60 ℃. The concentrated 
extract was evaporated using a water bath [18]. 

Activity test with mechanism-based yeast bioassay 

This method was done according to Zuhrotun et al. [14-16] that 
which the S. cerevisiae strain wild was cultured in PDB. Whereas S. 
cerevisiae strain mutants 1140, 1138, and 1353 were cultured in 
YPDB and then left for 24 h in an incubator. The suspension was 
mixed with a sterile 0.9% saline solution and measured with 
spectrophotometry UV-Vis at 600 nm until the transmittance value 
was 80%. The inoculum 1 ml was mixed with 20 ml of medium 
YPDA in a petri dish and left for a minute. Medium YPDA and YPDB 
were made from a mixture of 1 g of yeast extract (Y), 2 g of 
peptone (P) and 2 g of dextrose (D) in agar (A) media or broth 
media. The medium agar was perforated 7 wells, then add 50μl of 
sample. Extract samples at variation of concentrations were 
dissolved in a mixture of dimethyl sulfoxide with methanol (1:1). 
Petri dishes were incubated at 30 ℃ for 36-48 h. The diameter of 
the inhibition zone that produced then convert to dose-response 
curves, where axis x was the sample concentration (μg/ml) and y 
was the diameter of the inhibition zone. Equation of linear 
regression can be built from the curve. From that equation, we can 
calculate IC12 value of each sample. The active samples showed an 
IC12 value<8000 µg/ml, which means a concentration that produce 
an inhibition zone of 12 mm around the well. The bioassay was 
done in three replicates with variation of sample concentration 
were around 8000, 4000, 2000, 1000, 500, 250, 125 µg/ml. A 
topoisomerase I inhibitor is defined as to sample against S. 

cerevisiae strain 1140 and a topoisomerase II inhibitor is defined 
as to sample against S. cerevisiae strain 1353.  

RESULTS AND DISCUSSION 

Each plant material is extracted by cold method, namely the 
maceration method, because it is easier and the chemical compounds 
are not damaged [19]. The solvent used is 70% ethanol because of its 
general and can extract a wide range of polarity from polar and non-
polar compounds, more quickly and safely and can inhibit the growth 
of other microbes [20, 21]. The yield obtained for A. paniculata extract 
was 11.2%, and for T. crispa was 19.1%. These results were compared 
with the Indonesian Herbal Pharmacopoeia for A. paniculata 
extract>9.6% and T. crispa extract>18.5% [18], that showed all plant 
yields were good because they met the requirements. 

This yeast bioassay method was carried out using a wild strain as a 
negative control so that the yeast continues to grow because there is a 
DNA repair mechanism. In contrast, the mutant strain is a sample-
specific marker that has activity as a topoisomerase inhibitor because 
it does not have a DNA repair mechanism. The tested samples were 
jamu gendong pahitan bought from the market, jamu gendong pahitan 
made in the laboratory, single extracts, and mixed extract of its jamu 
gendong pahitan components. All samples were suspended with 
solvent mixture methanol: DMSO (1:1). Methanol is used because it is 
polar, while DMSO, as a universal solvent, can dissolve polar and non-
polar compounds and does not affect the test results [22]. 

Fresh material of jamu gendong pahitan bought from traditional 
market was tested in one dose, as it made by the seller. According to 
the survey, known that jamu gendong pahitan is made from ½ 
handheld of A. paniculata leaves (around 3 g, AP) and ½ medium size 
of T. crispa stem (around 10 g, TC). So, the fresh material of jamu 
gendong pahitan made in laboratory was tested using mixed AP: TC 
(3:10) as dose 1, (10:10 or 1:1) as dose 2, and (10:3) as dose 3. 

  

Table 1: Agar plate profile of jamu gendong buy at the traditional market and made at the laboratory 

Jamu gendong Dose Saccharomyces cerevisiae 
Wild Mutant 1138 Mutant 1140 Mutant 1353 

Traditional market - 

    
Laboratory 1 

  
  

2 

    
3 

    

Notes: All assays were done in three replications (n = 3) 

 

Table 2: Inhibition zone of jamu gendong made in the laboratory 

Concentration (µg/ml) Samples  Inhibition zone (mm) 
SC Wild SC1140 SC1353 SC1138 

16,086 Dose 1 (AP: TC = 
3:10) 

- 14.37±0.4 10.1±0.0 14.8±0.39 
8043 - 13.33±0.25 9.47±0.15 12.28±0.6 
4021.5 - 12.2±0.36 7.93±0.4 10.43±0.76 
2010.8 - - 7.53±0.05 - 
1005.4 - - 6.97±0.15 - 
502.7 - - 6.4±0.17 - 
251.3 - - 6.03±0.06 - 
14,542 Dose 2 (AP: TC = 1:1) - 14.17±0.42 11.27±0.15 15.33±0.06 
7271 - 13.07±0.57 10.3±0.1 13.57±0.06 
3635.5 - 12.6±0.88 9.43±0.25 12.03±0.45 
1817.8 - 10.27±0.55 8.23±0.11 11.13±0.25 
908.9 - - 7.57±0.46 8.17±1.91 
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Concentration (µg/ml) Samples  Inhibition zone (mm) 
SC Wild SC1140 SC1353 SC1138 

454.4 - - 6.63±0.23 - 
227.2 - - 6.1±0.17 - 
10,888 Dose 3 (AP: TC = 

10:3) 
- 15.4±0.36 12.8±0.17 15.67±0.21 

5444 - 13.23±0.81 11.37±0.12 14.03±0.11 
2722 - 11.83±1.50 9.83±0.65 12.23±0.50 
1361 - 10.17±2.74 8.17±0.23 11.7±0.1 
680.5 - - 7.9±0.3 7.2±2.75 
340.3 - - 7.3±0.1 - 
170.1 - - 6.77±0.68 - 

Notes: All assays were done in three replications (n = 3) 

 

To know the concentration (mg/ml) of each fresh material jamu 
gendong pahitan bought from the market and made in the 
laboratory, we put 5 ml of each sample and then dried it in the 
oven. By this research, showed that the concentration of jamu 
gendong pahitan from the market was 28,434 µg/ml. while the 
concentration of jamu gendong made in laboratory doses 1, 2, 
and 3 were 16,086; 14,542; and 10,888 µg/ml, respectively. 
These concentrations are used as the highest concentration in 
bioassay.  

Samples of jamu gendong pahitan bought from the market did not 
produce any inhibition zone against wild and mutant S. cerevisiae 
strains (1138, 1140, and 1353) as it showed that no inhibition 
zones produced (table 1). Preliminary survey data showed that 
most of seller made jamu gendong pahitan using boiling method as 
extraction process, so this could be damaged the active compound. 
Although the concentration of this samples is higher than jamu 
gendong pahitan made in the laboratory but still inactive. While 
the bioassay result of jamu gendong pahitan made in the 

laboratory showed that this sample is active as topoisomerase 
inhibitor (table 1 and 2).  

The single extract of AP and TC was tested using one dose while the 
mixed extract (AP: TC) was tested at three doses similar with the 
fresh material made in laboratory, (3:10) as dose 1, (10:10 or 1:1) as 
dose 2, and (10:3) as dose 3. Each dose of these samples was made 
at variation of concentration were 8000, 4000, 2000, 1000, 500, 250, 
and 125 µg/ml.  

Table 3 and 4 is the result of the activity test of single and mixed 
extract of jamu gendong pahitan (Bitter herb). From table 1, it is 
known that the single and mixed extract of bitter herbs were active 
as topoisomerase inhibitor, shown by the inhibition zone that 
produced. By the size of the inhibition zone, known that a single 
extract AP in more higher than TC, means more active as a 
topoisomerase inhibitor. This is implied in the activity of the mixed 
extract that showed dose 3 produced the largest zone of inhibition 
for all strains, where this dose contain higher AP than TC (10:3). 

 

Table 3: Agar plate profile of single and mixed extract of jamu gendong 

Extract Dose Saccharomyces cerevisiae 
Wild Mutant 1138 Mutant 1140 Mutant 1353 

A. paniculata (AP) - 

    
T. crispa (TC) - 

    
Mixed (AP: TC) 1 (3:10) 

    
2 (1:1) 

    
3 (10:3) 

    

Notes: All assays were done in three replications (n = 3) 

 

Table 4: Inhibition zone of single and mixed extract of jamu gendong 

Concentration (µg/ml) Samples Inhibition zone (mm) 
SC Wild SC1140 SC1353 SC1138 

8000 Andrographis 
paniculata (AP) 

- 21.43±0.73 11.6±0.3 20.47±0.75 
4000 - 17.13±0.47 10.53±0.57 19.47±0.75 
2000 - 15.83±1.36 9.6±0.26 15.7±0.72 
1000 - 12.8±0.98 9.0±0.56 14.47±0.75 
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Concentration (µg/ml) Samples Inhibition zone (mm) 
SC Wild SC1140 SC1353 SC1138 

500 - 10.1±3.57 - 12.1±0.36 
250 - - - 10.53±0.35 
125 - - - - 
8000 Tinospora crispa (TC) - 16.73±0.15 14.56±0.31 16.77±0.21 
4000 - 15.07±0.92 12.8±0.44 14.1±0.17 
2000 - 13.7±0.17 11.0±0.61 13.37±0.15 
1000 - 11.7±0.53 9.5±0.3 11.37±0.71 
500 - 7.4±2.42 - - 
250 - - - - 
125 - - - - 
8000 Dose 1 (AP: TC = 3:10) - 16.87±0.23 14.53±0.45 15.2±0.1 
4000 - 14.57±0.06 13.17±0.31 13.6±0.36 
2000 - 13.53±0.32 12.5±0.1 12.7±0.17 
1000 - 10.27±0.35 10.57±0.12 11.67±0.06 
500 - - 9.27±0.40 - 
250 - - - - 
125 - - - - 
8000 Dose 2 (AP: TC = 1:1) - 19.97±1.1 15.67±0.06 15.93±0.06 
4000 - 17.2±1.47 14.6±0.3 14.83±0.06 
2000 - 14.53±0.95 13.2±0.1 12.8±0.26 
1000 - 12.43±0.9 11.9±0.17 11.33±0.35 
500 - - 9.77±0.12 10.23±0.21 
250 - - - - 
125 - - - - 
8000 Dose 3 (AP: TC = 10:3) - 19.17±0.15 20.03±0.51 20.07±0.92 
4000 - 18.87±0.35 17.13±0.15 18.0±0.23 
2000 - 17.2±0.44 15.27±0.49 14.67±1.11 
1000 - 14.07±0.75 13.07±0.31 11.8±1.01 
500 - 11.73±0.31 11.3±0.44 9.6±0.36 
250 - 8.8±0.2 7.6±0.37 6.7±1.21 
125 - - - 6.9±1.56 

Notes: All assays were done in three replications (n = 3) 

 

Every data in table 3 is used to make dose-response curves and 
equation of linear regression, so the IC12 value is then can be 
calculated. The IC12 value indicates the results of the topoisomerase 
inhibitor activity test. A sample is declared active as a topoisomerase 

inhibitor if it fulfills one of these conditions, namely inhibiting one or 
more strains, has an IC12 value<8000µg/ml, or an IC12 value equal to or 
at least three times greater than S. cerevisiae strain 1138 [14]. Table 5 
and 6 shows the IC12 values of all samples of jamu gendong pahitan.

 

Tabel 5: IC12 value of jamu gendong buy in the market and made in the laboratory 

Jamu gendong Dose IC12 (μg/ml) Inhibitor 
topoisomerase Wild SC 1140 SC 1353 SC 1138 

Traditional market 1 - - - - - 
Laboratory (AP: PC) 1 (3:10) - 4176±282 >8000 5842±240 Top I 

2 (1:1) - 4752±759 >8000 3810±410 Top I 
3 (10:3) - 2179±334 7806±755 2039±185 Top I and II 

Notes: All IC12 values were calculated from three linear regression equation  

 

Tabel 6: IC12 value of single and mixed extracts 

Extract Dose IC12 (μg/ml) Topoisomerase 
Inhibitor Wild SC 1140 SC 1353 SC 1138 

A. paniculata - - 648±47 1073±148 465±71 Top I and II 
T. crispa - - 1101±200 2888±556 1342±213 Top I and II 
Mixed 1 (3:10) - 1441±162 1940±157 1342±103 Top I and II 

2 (1:1) - 1067±149 1216±133 1296±91 Top I and II 
3 (10:3) - 577±42 866±135 926±173 Top I and II 

Notes: All IC12 values were calculated from three linear regression equation  

 

Table 5 showed that all samples of jamu gendong bitter herbs was 
inactive to S. cerevisiae wild strains. Hence, these samples were not 
toxic to the human body. The IC12 values of jamu gendong bought from 
the market can't be calculated because there are no inhibition zones, 
which means inactive in inhibiting the topoisomerase enzyme I and II. 
From table 5, also showed that bitter herbs made in the laboratory 

have activity as topoisomerase I inhibitor (dose 1 and 2), and are 
active as topoisomerase I and II inhibitors (dose 3). From this data, we 
can conclude that dose 3 is the best formula for fresh material bitter 
herbs. The preparation of this potion suggested using a brewing 
technique at 70 °C to maintain the active compounds, especially those 
that are thermolabile in the materials (fresh leaves and stems) [23].  
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Table 6 showed that single and mixed extracts of jamu gendong 
pahitan were active as topoisomerase I and II inhibitors. The lower 
IC12 values mean the more active sample. By the IC12 value of a single 
extract, known that A. paniculata extract is more active than T. 
crispa. Activity of A. paniculata extract supported by its chemical 
contents such as androgafolide compounds that have an activity to 
inhibit cell proliferation in breast, colon, lung, prostate, leukemia, 
and ovarian cancer through the mechanism of increasing 
proapoptotic expression, namely Bax, caspase 3 and 9, as well as 
reducing the expression of antiapoptosis, namely bcl-2 [24]. This 
type of cancer has overexpression of topoisomerase I [25, 26]. This 
is following the results of the study above that A. paniculata leaf 
extract tends to have activity as an inhibitor of topoisomerase I.  

In line with this research result, T. crispa extract reported has cytotoxic 
activity with an IC50 value of 314µg/ml, and apoptosis induction was 
28.9% at 25 µg/ml of concentration [27]. In addition, T. crispa can also 
be lowering NF-kB gene expression at negative triple of breast cancer 
cell line and inhibit the cell at IC50 value of 30.64 µg/ml [11, 12].  

The most active sample is mixed extract dose 3 that contains AP: TC 
(10:3). If all of the samples above were compared to the positive 
controls tested by Zuhrotun et al. [14], namely camptothecin as a 
topoisomerase I inhibitor drug with IC12 values in strains 1140, 
1353, and 1138 were 432±140; 2828±494; and 95±53µg/ml 
respectively, the IC12 value of the mixed extract of bitter herbs dose 
3 is still higher, mean it was not as good as camptothecin. But it still 
has the potency as a natural anticancer agent by inhibiting the 
topoisomerase I and II enzymes. 

This research reported for the first time the activity of A. paniculata and 
T. crispa as a potion or in Indonesian peoples known as jamu gendong 
pahitan (bitter herbs) as a topoisomerase inhibitor. This finding can 
increase the potential usage of jamu gendong pahitan not only for 
prevent allergy, itch, and acne (anti-inflammation) as its traditional 
usage but also has a good prospect develop as natural anticancer agent.  

CONCLUSION 

It can be conclude seen that fresh material of jamu gendong pahitan 
(bitter herbs) bought from the market is inactive, while the fresh 
material of samples of jamu gendong pahitan made in laboratory 
doses 1 and 2 have topoisomerase I inhibitor activity. If seen from 
the IC12 value, the mixed extract dose 3, that contain extract of A. 
paniculata and T. crispa (10:3), has the best activity with IC12 values 
in strains 1138, 1140, and 1353 were 926.28±173, 576.75±42, and 
865.5±135µg/ml respectively. 
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