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INTRODUCTION
Herbal medicines are types of alternative medicine 
already used by Indonesian people from generation 
to generation. Traditional medicine represents an 
essential potential in the development of traditional 
medicines derived from plants. The use of traditional 
medicine is preferred because of the assumption 
that traditional medicine's side effects are relatively 
slighter when used correctly. Traditional medicine 
has a complementary or synergistic effect because 
traditional medicinal herbs generally consist of 
several types of medicinal plants that support each 
other to achieve the effectiveness of treatment.1 

Hypertension and diabetes mellitus are two 
diseases that are directly related and require proper 
and thorough management. Hypertension does 
not merely cause heart attack, heart failure, and 
stroke, but in many cases, it often causes diabetes 
mellitus. To avoid being exposed to diabetes, 
hypertension sufferers were asked to maintain his 
blood pressure by keeping up body weight, levels of 
glucose, triglycerides, HDL, and LDL. The number 
of sufferer’s diabetes in Indonesia is increasing 
every year as increasingly sufferers hypertension 
and heart disease.2 Several studies have found an 
association between increased high blood pressure 
in patients with diabetes mellitus (DM). People 
who suffer from DM, primarily type 2 have a risk 
of 2 to 4 times more susceptible to death due to 
cardiovascular abnormalities than those who do 
not suffer from DM.

Conversely, the incidence of hypertension occurs 
two times more susceptible in patients with DM 
compared to un DM in the same age group. In 
most diabetic populations, 80% of diabetic patient’s 
complication with hypertension, and vice versa, 70% 
of hypertensive patients may experience impaired 
glucose tolerance or develop type 2 diabetes. Targets 
for reducing blood pressure in hypertensive patients 
with diabetes are < 130 for systolic blood pressure 
and < 90 for diastolic blood pressure. Diabetes 
patients who are accompanied by hypertension 
will further increase the risk of coronary heart 
disease, stroke, nephropathy, and retinopathy. DM 
accompanied by hypertension increases by 75% 
morbidity and mortality in people who have previous 
risk factors.2,3 DM causes metabolic changes, 
including hyperglycemia, excessive expenditure of 
free fatty acids, and insulin resistance, which causes 
abnormalities of endothelial cell function because 
of a decrease in nitric oxide (NO). Impaired glucose 
tolerance in DM patients causes an increase in free 
fatty acids which causes endothelial damage and the 
incidence of hypertension.4

 Management of hypertension can be done by 
non-pharmacologically and pharmacologically. 
Nonpharmacological therapy includes a low salt 
diet, regular exercise, limiting fat, sugar, and 
alcohol intake. Pharmacological therapy is done by 
giving antihypertensive drugs. The inappropriate 
selection of antihypertensive drugs in diabetic 
patients can worsen glycemic control. Some 
antihypertensive drugs can affect blood glucose 
level parameters, insulin sensitivity, and HbA1c. 

ABSTRACT
Background: Indonesian people have long used herbal medicine (jamu) to overcome various 
diseases, including hypertension and diabetes mellitus. Hypertension and diabetes mellitus 
are two diseases that are directly related and require proper and thorough management. 
Objectives: The present study investigated the antihypertensive, antidiabetic, and cytotoxic 
activities ethanol extracts of Indonesian traditional medicine (jamu). Material and Methods: 
Jamu was extracted by maceration using ethanol. Antihypertensive and antidiabetic activity 
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Cytotoxic evaluation of the extract was carried out using Brine Shrimp Lethality Test (BSLT). 
Results: measurements of ACE inhibitors, alpha-glucosidase inhibitor and antioxidant activity 
showed that herbal extracts had ACE inhibitors, alpha-glucosidase inhibitors, and antioxidant 
activity with IC50 values of 292.15 µg/mL, 36.13 µg/mL, and 24.43 µg/mL respectively. Ethanol 
extract of herbal medicine (jamu) exerts a cytotoxic effect on larvae of shrimp Artemia salina 
with an IC50 value of 215.04 µg/mL. Conclusion: Jamu extract has antihypertensive and 
antidiabetic activity in vitro and cytotoxic effects.
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Beta-blockers and thiazide diuretics can increase blood glucose levels 
and cause hyperglycemic coma at high doses. ACE inhibitors (ACEI) 
and Angiotensin Receptor Blocker (ARB) in hypertensive patients 
with diabetes complications possess a potential effect in lowering 
blood pressure, and is beneficial in preventing microalbuminuria, 
worsening kidney function, and other microvascular complications.5 
ACE inhibitors work by inhibiting the effects of angiotensin II, which 
are as vasoconstrictors. ACE inhibitors obtain the drug of choice in 
hypertension with diabetes because, in addition to the treatment of 
hypertension, it equally affects renal hemodynamics which can reduce 
glomerular hydraulic pressure. ACE inhibitors can lower glomerular 
hypertension and proteinuria by modifying pressure capillaries and 
glomerular permeability. ACE inhibitors beneficial for reducing protein 
excretion urine in diabetic or non-diabetic kidney disease. In patients 
with diabetes and hypertension with albuminuria, ACE inhibitors 
represent the first choice.3

The use of traditional medicines has been thoroughly developed 
and is counted as an integral component in essential health services. 
Traditional medicine, as part of the treatment of hypertension, has 
increased in the last decade. The contributing factor is mainly the price 
of traditional medicines, which are considered cheaper with fewer side 
effects. Some medicinal plants in Indonesia possess antihypertensive 
activities, including Persea Americana, Phalleria macrocarpa, Oxalis 
corniculata, Catharanthus roseus, Scurulla artopurpurea, Swietenia 
mahogany, Gynura procumbens, Melia azedarach L, Morindae 
citrofolia, Phyllanthus niruri, Centella asiatica, Zingiber officinale, 
Alyxia reinwardtii and Hibiscus rosasinensis.6 Several extracts and 
compounds derived from plants have been proven in vitro to have an 
ACE inhibitors effect. ACE inhibitors obtained from natural materials 
studied are peptides derived from animals, plants, and microorganisms. 
Milk, meat, and eggs are ACE inhibitors derived from animals. Casein, 
hydrolyzed protein from milk and ovokinin from eggs in vitro and in-
vivo are reported to possess an effective and safe ACE inhibitor.7,8

Toxic activity assay is one of the prerequisites for a plant to be 
developed as a drug, especially as an anticancer. One method used to 
determine extracts or natural compounds' toxic activity is the Brine 
Shrimp Lethality Test. Some of this method's advantages are rapid (24 
h), easy, inexpensive, does not need a particular specialization in its 
performance, and possesses a high level of confidence. The number of 
Artemia salina Leach larvae that die because of the influence of extracts 
or natural compound substances at a given concentration illustrates the 
toxicity of a material. Extracts or compounds of natural material known 
to possess toxic activity with an LC50 value <1000 ppm can be developed 
as anticancer drugs.9 This study aims to investigate the antihypertensive, 
antidiabetic and cytotoxic activities of Indonesian traditional medicine 
(jamu). The composition of plants in herbal medicine consists of 
Morindae citrofolia fructus, Phyllanthus niruri herba, Centella asiatica 
herba, Zingiber officinale rhizoma, and Alyxia reinwardtii cortex.

MATERIAL AND METHODS
Herbal medicine (Jamu) were obtained from herbal Market in 
Jakarta, Ethanol (Bratachem), Aquadest (Bratachem), Aquademineral 
(Bratachem), Ethyl Acetate (Merck), DMSO (Merck), Hippuric Acid 
(Sigma), Captopril (Sigma), HHL (Sigma), ACE from rabbit lung 
(Sigma), NaOH (Merck), Boric Acid (Sigma), DPPH (Merc), vitamin C 
(sigma). Α-Glucosidase (Sigma), p-nitrophenyl-α-D-glucopyranoside 
substrate (Sigma), dimethyl sulfoxide (DMSO) (Merck), Bovine Serum 
Albumin (BSA) (sigma), Na2CO3 (Merck), buffer phosphate pH 7, 
acarbose (Sigma), Anemia salina Leach. (Brine eggs), NaCI (Merck).

Extract preparation and standardization 
A total of 500 grams of herbal medicine powder was extracted by 
maceration using 70% ethanol and stirred for 3 hours. The maceration 

process is carried out for 24 hours. The filtrate is carefully separated 
from the residue using filter paper. The residue is macerated again, 
and the process is repeated until a clear filtrate is obtained. Filtrat 
maceration results are combined, and the solvent is evaporated using 
a rotary evaporator to obtain a thick extract. Standardization of 
non-specific parameters includes checking ash content, ash content, 
which is insoluble in acid, water content, levels of extracts that are 
soluble in water, compounds that are soluble in ethanol, and coliform 
contamination and mold/yeast rates utilizing the ALT method. 
Standardization of specific parameters involves organoleptic, extract 
chemical content, and identification of the infrared spectrum.

In-vitro ACE inhibitor activity assay
Measurement of in vitro ACE inhibitor activity is carried out using a 
spectrophotometer under aerobic conditions. A total of 50μL of the 
assay solution was put into a test tube, 50 μL of HHL substrate was 
added and pre-incubated at 370C for 10 minutes. After that, 100 μL of 
ACE enzyme solution was added to the test tube and homogenized 
with a vortex. The mixture was incubated at 370C for 90 minutes. To 
the solution, the mixture was included 250 μL HCI 1 N to prevent 
the reaction. The formed hippuric acid was extracted using 1.5 mL 
ethyl acetate and centrifuged for 10 minutes. The ethyl acetate layer 
is taken gradually and evaporated at 1000C for 5 minutes. The formed 
precipitate was dissolved with 3 mL aquadest. The absorption of the 
solution is measured using a spectrophotometer at a wavelength of 246 
nm. A similar procedure was carried out with Captopril as a standard. 
Boric acid buffer solution as a blank and blank control. A solution has 
added the enzyme solution in a blank, whereas in control blank, not 
added enzyme solution. The results determining ACE inhibitor activity 
compared with a Captopril.8,10,11

In-vitro antioxidant activity assay 
A total of 500 μL extracts at concentrations of 125, 250, 500, 750, and 
1000 ppm added with 500 μL DPPH 0.125 mM. The mixture is then 
vortexed and incubated for 30 minutes. The absorption of test solutions 
and blanks was measured at a wavelength of 517 nm. The results of 
determining antioxidants compared with a vitamin C.12,13

In vitro alpha-glucosidase inhibitor activity
A total of 10 μL of extract solution each at concentrations of 125, 250, 
500, 750, and 1000 ppm was added 50 μL of phosphate buffer solution 
pH 7, and 25 μL p-nitrophenyl-α-D-glucopyranoside 10 mM. Next 
to the solution was added 25 μL of 0.04 U/mL enzyme solution and 
incubated at the time and temperature optimum. Then 100 μL Na2CO3 
200 mM was added. The absorbance was measured with a microplate 
reader at a wavelength of 410 nm. Percent inhibition is calculated using 
the formula: A0-A1 

 	         A1

Where A0 is the absorbance of the control, A1 is the absorbance of 
the sample. IC50 is calculated using linear regression by plotting the 
concentration of percent inhibition. The results of determining alpha-
glucoside inhibitor activity compared with an Acarbose.14

Brine shrimp lethality bioassay
A total of 50 mg of extract was added to 5 ml of dimethyl sulfoxide 
(DMSO) until a 10 mg/ml stock solution was obtained. Concentration 
series of test samples were made at concentrations of 5, 10, 25, 50, 
and 100 ppm by taking a specific volume of stock solution using a 
micropipette and place it in flacons. A. salina larvae eggs are hatched 
in a dark room in seawater media and aerated using aerators. The eggs 
will hatch about 24 hours into larvae. 48-hour-old larvae can be used 
for toxicity testing. Sample testing is done by inserting each sample 
into the flacon, evaporating with aerated until the solvent is lost. Next, 
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flacon filled with 1 mL of seawater, then vortexed for approximately 
to homogenize the sample. Ten tails of A. salina Leach. Age 48 hours 
a good (active move) randomly selected, put into flacons containing 
solvent-free samples using a dropper pipette then added seawater to 5 
mL. One drop of yeast suspension Saccharomyces cerevisiae (3 mg/10 
ml of seawater) is added to it as A. salina Leach food. The flacons are 
placed under the lighting for 24 hours, and the number of A. salina 
Leach larvae dead is counted.14,15 Percent mortality of larvae is calculated 
following the formula15:

% Death = number of A. salina larvae dead x 100%

 number of test larvae 

RESULTS 
Result of standardization both specific and nonspecific parameter 
presented in Table 1 and Table 2.

Data ACE inhibitory, α-glucosidase inhibitory, and antioxidant activity 
are presented in Table 3.

Results of Brine shrimp lethality bioassay presented in Table 4.

DISCUSSION
Based on the Regulation of Indonesia National Agency of Drug and 
Food Control No. 12/2014 concerning quality requirements for 
traditional medicines, it is seen that the extract of herbal medicine 
meets non-specific or specific parameters. Standardization of 
pharmaceutical products is carried out so that an extract meets 
the established chemical, biological, and pharmaceutical standards 
requirements. Standardization will guarantee that the extract or extract 
product has a constant parameter value. Standardization is the process 
of determining properties based on specific parameters to achieve the 
same degree of quality. Standardization of extracts is done by using two 
parameters, namely specific parameters, and non-specific parameters. 
Water content is one of the essential characteristics of the extract. 

Determination of the water content in the extract aims to provide a 
minimum limit or range of the amount of water content in the extract. 
Extracts that have high water content are natural to grow with mold 
and yeast to reduce the biological activity of the extract in the storage 
period. Water content depends on the plant's drying time, the drier, 
the smaller the water content. Based on the Regulation of Indonesia 
National Agency of Drug and Food Control No. 12/2014, it is seen 
that the extracts of herbs meet the water content requirements of 
<10% (6.82±0.2). Ash content is a mixture of inorganic components or 
minerals found in an ingredient. Organic materials in the combustion 
process will burn but not the inorganic components. The ash content 
was determined by inserting the extract into the furnace at 450oC 
until ash was formed. Total ash content can also be used to know the 
internal and external mineral content from the initial process to the 
end of extracting. The extract ash content of 4.63 ± 0.08 and an acid 
insoluble ash content of 0.28 ± 0.02. This value is the following required 
in Herbal Pharmacopoeia, which is less than 7.8%. Small ash content 
values ​​mark if the remaining material is small. The remaining material 
includes physiological ash derived from the plant tissue itself and non-
physiological ash, a residue from foreign material attached to the plant's 
surface, such as sand and soil. The smaller the value of ash content can 
be, the smaller the impurity in the resulting fraction.

Water-soluble and ethanol extract levels are indicators of active 
compounds that can be detected, both by water and ethanol solvents. 
The level of active compound in a plant is influenced by plant age, 
harvest time and climate, and place of growth. The test results showed 
that herbal medicine's extracted content in aqueous solution was 28.38 
± 0.68%, and ethanol soluble was 57.62 ± 0.55%. These results are quite 
indicative that the active compound in the herbal extract is quickly 
scattered into water and ethanol. The low water content will prevent 
the growth of microorganisms and mold (fungus). Aspergillus flavus 
will produce aflatoxin, which is very toxic and can cause liver cancer. 
According to traditional medicine requirements, it is stated that the 
rate of yeast or mold does not exceed 104 CFU/gr. The extract must be 

Parameter
Organoleptic

(colour and texture) Chemical content identification of infrared spectrum

yellowish-brown and paste Flavonoid, tannin, saponin, steroid C=O; -OH; C=C; C-O’ C-H 
(aromatic); C-H (aliphatic)

Table 1: The specific parameters.

Parameter

water content (v/w) ash content (w/w) Ash insoluble acid 
content

level of substances 
dissolved in alcohol 

(%)

Level of substances 
dissolved water (%)

Coliform microbial 
contamination 

(colony/g)

mold / yeast numbers 
(colony/g)

6.82±0.2 4.63±0.08 0.28±0.02 57.62±0.55 28.38±0.68 negative negative

Table 2: The nonspecific parameters.

Sample
IC50 (µg/ml)

ACE inhibitor α-glucosidase antioxidant
Extract 292.15 36.13 24.43

Standard 0.64 0.268 5.13

Table 3: ACE inhibitory, α-glucosidase inhibitory and antioxidant activity (IC50).

Concentration (µg/ml) Log concentration(µg/ml) % mortality Probit value LC50 (µg/ml)
1000 3 80 5.8416 215.04
500 2.6899 66.7 5.4316
100 2 36 4.6415
50 1.6990 20 4.1684
10 1 4.5 3.3046

Table 4: Effect of ethanol extract jamu of various concentrations on mortality against Brine shrimp.
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uncontaminated with pathogenic microbes, and the aflatoxin content is 
no more than 30 parts per million (ppm). Examination results of mold/
yeast extract uncontaminated with mold/yeast. A natural medicinal 
product should not contain microorganism contamination, but this is 
difficult to avoid. The maximum limit of microorganism contamination 
required depends on the dosage form and is determined by the Total 
Plate and Yeast Fungi Numbers' determination. Natural medicinal 
products are unpermitted to contain pathogenic microorganisms like 
Pseudomonas aeruginosa, Staphylococcus aureus, and Clostridia sp. 
Shigella sp., and Salmonella sp. The permitted value or range is related 
to purity and contamination. The results showed that the extract was 
uncontaminated with microbial coliform.

Pathophysiology of Diabetes mellitus and hypertension occurs through 
several mechanisms such as improper activation of the angiotensin 
aldosterone (RAAS) system, secondary oxidative stress that causes 
over-production of reactive oxygen species (ROS), inflammation, 
vasoconstriction due to insulin, increased activation of the sympathetic 
nervous system and kidney abnormalities in secreting sodium.16 The key 
factors causing the coexistence of diabetes mellitus with hypertension are 
obesity and increased visceral adiposity. Mild chronic inflammation and 
oxidative stress in adipose tissue cause an increase in angiotensinogen 
and angiotensin II production, which results in the activation of RAAS 
tissue. Overexpression of angiotensinogen in adipose tissue causes 
an increase in blood pressure.17 Hypertension in diabetic patients can 
increase both microvascular and macrovascular complications. Proper 
management of hypertension is needed to minimize the occurrence of 
complications and inhibit disease progression. Barriers to the renin-
angiotensin aldosterone system by ACE inhibitors or angiotensin 
receptor blockers can increase glucose metabolism by preventing the 
formation of angiotensin II or preventing the activation of Angiotensin 
II receptors.18 ACE inhibitors are antihypertensive drugs that have been 
used for the past several decades. Captopril, Lisinopril, Enalapril, and 
Rampiril are some examples of drugs that target ACE inhibitors. The 
use of these drugs in the long term can cause side effects like dizziness, 
coughing, and angioneurotic edema.19 Research to seek new drugs 
continues to be done, one of which represents the search for bioactive 
compounds from nature as a target. Some natural bioactive compounds 
that have been investigated to have ACE inhibitor activity are peptides, 
anthocyanins, flavonols, and triterpenes.7

Table 3 shows that the extract has an ACE inhibitor, a-glucosidase 
inhibitory, and antioxidant activity with an IC50 value of 292.15 µg / ml, 
36.13 µg / ml, and 24.43 µg/ml, respectively. Herbal extracts containing 
flavonoids, tannins, saponins, and steroids (Table 1). Secondary 
metabolites produced by plants are a group of natural compounds 
that are identified as potential ACE inhibitors. Some terpenoids and 
polyphenolic compounds, including flavonoids, hydrolyzable tannins, 
xanthones, procyanidin, caffeoylquinic acid derivatives, turned out 
to obtain an effective natural ACE inhibitor. Almost all studies show 
that plant extracts which are rich in phytochemicals are useful as ACE 
inhibitors.7 

The development of insulin resistance, hypertension, and diabetes 
mellitus occurs due to oxidative stress. ROS can cause impaired 
endothelial function, tissue injury, reduction of bioavailable Nitrite 
oxide (NO), and impaired NO-mediated vasodilatation. 

The herbs used in this study consisted of plants, namely Morindae 
citrofolia Fructus, Phyllanthi niruri Herb, Centella asiatica Herb, 
Zingiberis officinale rhizome, Imperata radix, and Alyxiae cortex. 
These six plants contribute to their antihypertensive and antidiabetic 
activities. 

People widely use Morinda citrifolia L as natural medicine. The content 
of flavonoids in this plant function as an antioxidant that can withstand 
the rate of absorption blood glucose from the digestive tract to the 

blood vessels so that able to withstand the rate of increase in blood 
glucose levels. Bioactive components such as flavonoids, triterpenoids, 
and saponins a significant amount has a hypoglycemic effect.20 Morinda 
citrifolia has antioxidant activity that can inhibit the rate of formation of 
Advanced Glycation End Products (AGEs) and dicarbonyl compounds. 
The binding of AGEs to the AGEs (RAGE) receptor triggers reactive 
oxygen species (ROS) and NF-B activation of target cells, endothelium, 
mesangial cells, and macrophages an increase in permeability vascular.21 
A study conducted by Mutia et al., 2017 shows that ethanol extract of 
Morinda citrofolia has ACE inhibitor activity with a percent inhibition 
against ACE of 66.64 + 2.32%.22 Scopoletin phenolic compounds and 
routine have an antihypertensive effect through the ACE inhibitor 
mechanism and antioxidant activity.23

Phyllanthi niruri L has been empirically used in the management 
of diabetes and hypertension. Bioactive substances like glycosides, 
flavonoids, saponins, tannins, sterols, and carbohydrates are thought to 
be responsible for their actions. We already know certain flavonoids 
have hypoglycemic effects because they can regenerate pancreatic beta-
cell regeneration. Studies in experimental animals have shown that 
sterol compounds can reduce blood sugar, whereas cardiac glycosides 
have cardio-protective and cardiotonic activity. A study conducted by 
Bharati et al., 2017 shows that ethanol extract of leaves and fruit of 
P. niruri decreases blood pressure in diabetic hypertensive animals.24 

P niruri fruit juice comprises ACE inhibitory compounds, and daily 
consumption of the juice is useful for prevention and healing against 
hypertension.25

Centella asiatica (L.) is a plant that has long been used in traditional 
medicine for various indications like skin disorders, vascular disorders, 
microangiopathy, and inflammation. This plant also has vigorous 
antioxidant activity with the chemical content of phenolic compounds, 
namely flavonoids (quercetin, kaempferol, catechin, routine, apigenin, 
and naringin), triterpenoids (asiaticoside, madecassoside, asiatic acid, 
madecassic acid), glycosides, flavonoids, alkaloids, steroids, volatile and 
fatty oils. C. asiatica extract can reduce blood pressure in rats that are 
made hypertensive with L-NAME. Quercetin may act in components 
sufficient for the antihypertensive effect of C. asiatica extract.26 Ethanolic 
extract of freeze-dried and juice C. asiatica has ACE inhibitor activity 
with IC50 of 1 mg and 1.6 mg, respectively, advising possible usage as 
natural antihypertensive medicine.27 C asiatica also has antidiabetic 
activity in Alloxan induced diabetic rats. C. asiatica could restore the 
damage of the pancreatic β-cells and improve insulin synthesis, thus 
reducing plasma glucose level. The two glycosides, brahmoside and 
brahminoside, which are essential components of C. asiatica, have been 
confirmed to exert sedative and hypoglycemic effects in rats.26 

Ginger (Zingiber officinale Roscoe) is a tropical plant used as a spice 
and has a therapeutic effect on various diseases like anticancer, 
anticoagulant, and antiemetic hypolipidemic and antioxidant. The 
main bioactive compounds contained in ginger obtain gingerol, with 
other gingerol analogs like shogoals, paradol, and zingerone. Gingerol 
compounds have antioxidant activity in vitro by protecting HL-60 
cells against oxidative stress. Ginger oil protects DNA from damage by 
H2O2. Ginger oil can serve an oxygen radical scavenger and can be 
used as an antioxidant.28,29 The administration of Z. officinale juice at a 
dose of 4 ml/kg once daily decreases blood glucose levels and increases 
plasma insulin in mice induced by streptozotocin. Z. officinale juice also 
lowers cholesterol, triglycerides, and blood pressure.30

Imperata cylindrica contains potassium, flavonoids, graminone B, and 
cylindrene, which is useful for treating various diseases, including 
hypertension. Infusion I cylindrica in 15 healthy volunteers reduced 
systole and diastolic blood pressure significantly lower (p < 0.01) than 
before drinking infusion. The presence of flavonoids on I cylindrica 
exerts the effect of inhibiting the Angiotensin Converting Enzyme. 
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Potassium obtains anti-renin and inhibits aldosterone secretion. 
Potassium can decrease membrane potential, causing relaxation of 
vascular smooth muscle.31 Ethanol extract of I cylindrica dose of 500 
mg/kg has an antidiabetic effect in alloxan-induced mice.32

Alyxia reinwardtii is a medicinal plant used to manage various diseases. 
The fruit can reduce fever, and the flower is effective in treating mental 
confusion and hallucinations, and the stem is used for heart failure and 
stomach discomfort due to gas distension. Chemical compounds in the 
cortex are iridoids, coumarin, and isolated lignans that have antioxidant 
activity.33

Our previous study showed that herbal extracts containing Phaleria 
macrocarpa, Gynura procumbens, Imperata cylindrica, Centella asiatica, 
and Syzygium polyanthum had ACE inhibitors activity with IC50 values 
of 18.37 ppm.34

Toxic activity assay is one of the prerequisites for a plant to be 
developed as a drug, especially as an anticancer. Brine shrimp lethality 
test (BSLT) is a simple, inexpensive, non-aseptic, and high potentiality 
cytotoxicity test for bioactive compounds and used as a preliminary 
test to determine the activity of a substance or a compounds contained 
in an-pure extract or plant isolate.35 Acute toxicity can be measured 
as a concentration that can kill 50% of the tested animal population. 
LC50 lethal concentrations were assessed at 95% confidence intervals 
using probit analysis. Toxicity assays using Artemia Salina can be used 
in filtering out various chemical compounds that have bioactivity.15 
Table 4 shows that the jamu extract possesses cytotoxic activity with 
an LC50 value of 215.04 μg/ml. Larvae mortality was seen to be directly 
proportional to the extract concentration, starting from the lowest (10 
μg/ml) to the highest (100 μg/ml). An extract is said to be toxic if it 
has an LC50 < 1000 μg/ml. If the BSLT test results indicate that a plant 
extract is toxic, it can be developed to isolate its bioactive compounds.36

CONCLUSION
Jamu extract has ACE inhibitors, alpha-glucosidase inhibitors, and 
antioxidant activity with IC50 values of 292.15 µg/mL, 36.13 µg/mL, and 
24.43 µg/mL, respectively. Ethanol extract of jamu exerts a cytotoxic 
effect on larvae of shrimp Artemia salina with an IC50 value of 215.04 
µg/mL. 
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