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ABSTRACT

Green tea (Camellia sinensis L.) contains flavonoid compounds and methylxanthine and has
proven efficacy as a diuretic. The dosage form is among the factors determining the biological effects
of a drug. This experimental study set out to determine the effectiveness of the ethanol extract and
infusion of green tea leaves as a diuretic in male Swiss mice. A total of 20 male Swiss mice were
divided into four groups receiving different daily treatments: group | (given 1% Na-CMC), group Il
(furosemide at a dose of 5.2 mg/kg BW), group 1l (ethanol extract of green tea leaves at a dose 70
mg/kg BW), and group IV (green tea leaf infusion at a dose of 70mg/kg BW). Before the treatment, all
groups were given warm water orally (0.4 mL/20g BW), then the effects of diuretics were measured
from urine volume for six hours. The data were analyzed statistically by one-way analysis of variance
(ANOVA), followed by LSD comparison tests, with statistically significant p<0.05. Based on the
phytochemical screening results, the ethanol extract and infusion of green tea leaves contained
alkaloids, flavonoids, and tannins. The mean cumulative urine volume in group | was 0.260+0.185
mL, group 1l 0.869£0.162 mL, group 111 0.866+0.197 mL, and group IV 0.642+0.187 mL. Compared
to furosemide, the diuretic activity of the ethanol extract of green tea leaves (0.997+0.182) was not
significantly different (p>0.05) from that of the green tea leaf infusion (0.739£0.182). In conclusion,
green tea leaves can be used as diuretics in two dosage forms, namely extract and infusion.
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INTRODUCTION

Thiazide diuretics are at least as effective as B-blockers, calcium antagonists, and ACE
inhibitors in reducing cardiovascular outcomes. They are also particularly useful in preventing stroke
and heart failure in hypertensive patients (Grossman et al., 2011). The green tea leaf extract, when
combined with hydrochlorothiazide, has been proven to significantly increase diuretic activity
(Chakraborty et al., 2014). Regular consumption of green tea may also provide some protection
against hypertension in humans (Negishi et al., 2004).

Green tea (Camellia sinensis L.) is among the plants that can be used as a traditional diuretic
(Susilowati, 2019). Its leaves contain polyphenol catechins, which are flavonoid compounds consisting
of epicatechin (EC), epicatechin gallate (ECG), epigallocatechin (EGC), epigallocatechin gallate
(EGCG). EGCG constitutes 50-80% of the total amount of catechins. Also, green tea contains caffeine,
vitamin K, flavanols, alkaloids, saponins, proteins, nucleic acids, minerals, and fluoride (Dewi, 2008),
as well as three main components beneficial for human health, such as xanthic bases (caffeine and
theophylline), essential oil, and polyphenolic compounds. Theophylline induces psychoactive activity
and has a slightly inotropic and vasodilatory effect and a much higher diuretic effect than caffeine
(Cabrera et al., 2006).

Green tea is more effective as a diuretic than black tea (Actis-Goretta et al., 2006). Diuretics
decrease plasma volume, cardiac workload, and oxygen demand, decreasing blood pressure. Diuretics
play an essential part in dealing with fluid overload in salt-sensitive hypertensive patients (Jabeen and
Aslam, 2013). The main flavonols and purine alkaloids present in green tea are responsible for
inhibition of angiotensin-converting enzyme (ACE) activity, lowering blood pressure (Persson et al.,
2006).

Research and development of medicinal plants with diuretic potentials are a priority in the
development and utilization of Indonesian medicinal plants owing to the extensive and frequent use of
diuretic (Lingga et al., 2014). Green tea has been reported as an effective diuretic (Chakraborty et al.,
2014). At the dose of 70 mg/kg BW, the aqueous extract of its leaves possesses a diuretic property
equivalent to furosemide (Susilowati, 2019). The dosage form determines whether or not the
absorption process of a drug is optimal and, therefore, can decide the biological effects of said drug.
Therefore, it is necessary to test the effectiveness of ethanol extract and infusion of green tea leaves
(Camellia sinensis L.) in male Swiss mice to find which dosage form is as effective as a diuretic.
Research on the effects of this diuretic is expected to contribute to the development of traditional
medicines that have diuretic properties.

MATERIALS AND METHODS
Materials

The materials used in this study were dried green tea leaves (Camellia sinensis L.) obtained
from Nglinggo, Kulon Progo, Yogyakarta.

Methods
Determination of samples

Samples of green tea leaves were first authenticated in the Biology Laboratory of Ahmad
Dahlan University (No. 141/Lab.Bio/B/X11/2018).

Sample preparation

The shoots of fresh green tea leaves were picked, washed with water, and dried by aeration.
Afterward, these dried samples were grounded and sifted using a 40 mesh sieve (Andaryekti et al.,
2015). Finally, the resultant powder was weighed (final weight of the dried samples) and stored in a
dry and clean container.
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Preparation of green tea leaf extract

Two hundred grams of the powdered dried samples were placed in a vessel, added with 750 mL
of 70% ethanol, and stirred using an electric stirrer for one hour. During the extraction, the vessel was
tightly closed, left for 2x24 hours, and protected from light while occasionally stirred for 15 minutes.
Afterward, the extract was filtered to obtain filtrate 1, which was later re-macerated for 2x24 hours
with 750 ml of 70% ethanol and filtered to obtain filtrate 2. Both filtrates were collected and
evaporated in a rotary evaporator at 60°C, then thickened using a water bath until a thick extract was
formed (Anisah et al.,2017).

Preparation of green tea leaf infusion

Fifty grams of the powdered dry samples was added with 500 mL of distilled water at 90° C for
15 minutes while stirred occasionally. Then, this mixture was filtered using a flannel cloth to obtain
500 ml of infusion (Irianti et al., 2016).

Phytochemical estimations of the ethanol extract and infusion of green tea leaves
The ethanol extract and infusion of green tea leaves were analyzed qualitatively for the presence
of these organic plant constituents: alkaloids, flavonoids, saponins, tannins, dan triterpenoids.

Preparation of 1% Na-CMC Solution

One gram of Na-CMC was weighed and allowed to expand in 20 ml of warm water for 30
minutes. Afterward, it was crushed until homogeneous, put in volumetric glassware and added with
aquadest up to 100 ml mark line. For every 20 g of mouse weight, 2 mL of 1% Na-CMC solution was
given.

Preparation of furosemide suspension

The recommended dose of furosemide for adult humans is 40 mg. When converted to 20 g of
mouse BW with a conversion factor of 0.0026 (Syamsudin and Darmono, 2011), the dose of
furosemide for the test mice is 5.2 mg/kg BW. In this research, furosemide was administered orally
with a volume equal to 1% of the body weight of test animals (Nessa et al., 2013). Therefore, a mouse
weighing, for instance, 20 g received 0.2 mL of furosemide. Also, the concentration of furosemide
solution for a dose of 5.2 mg/kg BW was 0.52 mg/mL. A total of 20 furosemide tablets (40 mg/tablet)
were weighed (the average weight of each tablet was calculated), put into a mortar, and ground until
smooth. A total of 22.3405 mg of tablet powder (equivalent to 5.2 mg of furosemide) put in volumetric
glassware and dissolved with 1% Na-CMC up to 10 ml mark line (Herman et al., 2012).

Experimental protocol

This study has received ethical approval from the research ethics committee of Ahmad Dahlan
University (N0.021907007). A total of 20 male Swiss mice aged 2-3 months, with an average weight
of 20-35g, were divided into four groups, each consisting of 5 mice.

Group | : Negative control group was given 1% Na-CMC

Group Il : Positive control group received furosemide at a dose of 5.2 mg/kg BW
Group 111 : Ethanol extract of green tea leaves at a dose of 70 mg/kg BW

Group IV - Infusion of green tea leaves at a dose of 70 mg/kg BW

The test animals were acclimatized for seven days in laboratory conditions, then fasted for 12
hours from food but still given access to water until two hours before receiving the treatment.
Afterward, they were weighed and given warm water orally as much as 0.4 ml/20g BW
(Purwidyaningrum et al., 2016). In Hour 0, all groups received their respective treatment orally. The
urine produced by every test mouse was collected in a container and observed for any diuretic effects
hourly for six hours. The measurement results in Hours 1, 2, 3, 4, 5, and 6 were calculated to obtain
the mean cumulative urine volume during the six hours. The diuretic action and diuretic activity were
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calculated, and the diuretic effects of the treatment groups were compared to each other. Formulas for
the calculations of diuretic action and diuretic activity are as follows:

Diuretic action = urinary excretion of the treated group/urinary excretion of the control group.

Diuretic activity = diuretic action of the tested drug/diuretic action of standard drug.

Data Analysis
The mean cumulative urine volume was analyzed statistically by one-way analysis of variance
(ANOVA), followed by LSD comparison tests. P<0.05 indicates significantly different means.

RESULTS AND DISCUSSION
Preliminary phytochemical investigation results

Phytochemical screening was conducted to screen and identify medicinally active compounds
found in the ethanol extract and infusion of green tea leaves. It included tests of alkaloid, flavonoid,
saponin, tannin, and triterpenoid detection with three replicates for each test. Table 1 summarizes the
phytochemical screening results of the two tested dosage forms.

Table 1. Phytochemical screening test results of the ethanol extract and infusion of green tea

leaves
Tested Treatments Results
Compounds Infusion of green  Ethanol extract of
tea leaves green tea leaves
Alkaloid + HCI 2M + Mayer reagents + +
(Marliana et al., 2005)
+ HCI 2M + Wagner reagents + +
(Marliana et al., 2005)
Flavonoid + Mg powder + HCI (p) + amyl + +
alcohol (Andaryekti et al., 2015)
+ 10% NaOH (Rahayu et al., 2015) + +
Saponin + warm water (shaken for 1 minute) - -
(Andaryekti et al., 2015)
Tanin + FeCls 1% solution (Andaryekti et + +
al., 2015)

Triterpenoid +0.5 mL chloroform + 0.5 mL - -
and steroid  acetic acid anhydride + 2 mL

concentrated sulfuric acid

(Sembiring et al., 2018)

The phytochemical screening results showed that the ethanol extract and infusion of green tea
leaves were positive for alkaloids, flavonoids, and tannins. These findings are consistent with research
conducted by Andaryekti et al., (2015), which affirmed that ethanol extracts of green tea leaves
contain alkaloids, flavonoids, and tannins. Also, using a qualitative test, Susilowati (2019) found that
the aqueous extract of green tea leaves contains polyphenols, tannins, alkaloids, and flavonoids.

Diuretic effects

This study set out to compare the effectiveness of the ethanol extract and infusion of green tea
leaves (Camellia sinensis L.) as diuretics in male Swiss mice. The diuretic test results of both dosage
forms are presented in Table 2.
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Tabel 2. The average cumulative urine volume of mice given the ethanol extract and infusion of
green tea leaves during 6 hours of observation
Average Cumulative Diuretic Diuretic Activities

Treatment Groups

Urine Volume (ml) Actions
Negative Control (1% Na-CMC) 0.260+0.185 - -
Positive control (Furosemid at 5.2 0.869+0.162 3.342+0.501 -
mag/kg BW)
Ethanol Extract of Green Tea 0.866+0.1972 3.331+0.501 0.997+0.182
Leaves at 70 mg/kg BW
Infusion of Green Tea Leaves at 0.642+0.1872° 2.469+0.501 0.739£0.182
70 mg/kg BW

Description: a = significantly different from the negative control, b = significantly different from the positive control

Diuretics are effective in lowering blood pressure by reducing excess fluid volume and can
lessen the workload of the heart, justifying their vital role in hypertensive patients (Muthia et al.,
2017). The diuretic effect test was carried out using 1% Na-CMC as the negative control. According to
Herman et al. (2012) and Muthia et al. (2017), 1% Na-CMC can serve as a negative control because it
does not produce diuretic effects. Meanwhile, the positive control used was furosemide at a dose of 5.2
mg/kg BW. Based on Table Il, the positive control group (Group Il) showed the highest average
cumulative urine volume compared to other groups. In this study, furosemide was selected as a
positive control because it is a potent loop diuretic and, following its use, diuresis begins in 0.5-1
hours and lasts for £ 6-8 hours (Siswandono and Soekardjo, 2008).

Groups |11 (ethanol extract of green tea leaves) and IV (green tea leaf infusion) showed a higher
mean cumulative urine volume than Group | (negative control). The statistical analysis in the SPSS
program also revealed that the cumulative urine volumes of Groups Il and IV were not different from
each other, but the diuretic activity of the former was higher than the latter. The diuretic effects of the
ethanol extract and infusion of green tea leaves, which contribute to relatively high urine output
(diuretic), are attributable to the presence of flavonoid compounds. As a diuretic agent, flavonoids
work with the mechanism of inhibiting the reabsorption of Na*, K*, and CI, resulting in increased
electrolytes in the tubules and, finally, diuresis (Nurihardiyanti et al., 2015). Furthermore, other studies
state that flavonoids can increase urine volume as these compounds increase the rate of glomerular
velocity (Jouad et al., 2001).

Chakraborty et al. (2014) prove that the flavonoids contained in green tea are responsible for
inhibiting the activity of the angiotensin-converting enzyme (ACE). Green tea can inhibit ACE activity
through the mechanism of mixed inhibition, and ACE inhibition is one of the main reasons for diuretic
activity and increased Na* concentrations in urine. Moreover, it can increase the glomerular filtration
rate by increasing renal blood flow and cardiac output, which are contributors to diuretic activity.
According to Susilowati (2019), flavonoids and alkaloids in the aqueous extract of green tea leaves (70
mg/kg BW) have been shown to exhibit diuretic activities.

In addition to measuring urine volume, this study observed the urine pH of the test mice to
determine the effects of administrating the ethanol extract and infusion of green tea leaves on this
variable. The results of this observation are presented in Table 3.
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Table 3. Urine pH of mice given the ethanol extract and infusion of green tea leaves
during 6 hours of observation

Treatment groups Urine pH
Negative Control (1% Na-CMC) 7
Positive Control (Furosemide at 5.2 mg/kg BW ) 7
Ethanol Extract of Green Tea Leaves (at 70 mg/kg BW) 7
Green Tea leaf Infusion (at 70 mg/kg BW) 7

The urine test results showed that the administration of the ethanol extract and infusion of green
tea leaves did not affect the urine pH of the test mice, as evident from the same urine pH (i.e., 7)
among the treatment groups. Normal urine pH ranges from 7.3 to 8 (Nurihardiyanti et al., 2015),
meaning that the urine pH of all treatment groups in this study approaches the normal urine pH in
mice.

CONCLUSION

The diuretic activity of the ethanol extract of green tea leaves (0.997+0.182) is not significantly
different (p>0.05) from the leaf infusion (0.739+0.182). Therefore, green tea leaves made into both
dosage forms (extract and infusion) can function as diuretics.

ACKNOWLEDGEMENT
The authors would like to thank the Academy of Pharmacy Indonesia Yogyakarta for financially
assisting this research.

REFERENCES

Actis-Goretta, L., Ottaviani, J. I., & Fraga, C. G. (2006). Inhibition of angiotensin converting enzyme
activity by flavanol-rich foods. Journal of Agricultural and Food Chemistry, 54(1), 229-234.
https://doi.org/10.1021/jf0522630

Andaryekti, R., Mufrod, & Munisih, S. (2015). Pengaruh basis gel sediaan masker aktivitas bakteri
staphylococcus aureus the effect of base gel mask from green tea leaf characteristics and
activities bacteria. Majalah Farmaseutik, 11(2), 294-299.

Anisah, S., Prabandari, S., & Ikhsanudin, M. (2017). Pengaruh konsentrasi ekstrak daun teh (Camellia
sinensis L.) sebagai pertumbuhan rambut pada kelinci (Lepus spp. ) dengan metode maserasi.
Jurnal Para Pemikir, 6(2), 161-164.

Cabrera, C., Artacho, R., & Gime, R. (2006). Beneficial effects of green eea — A review beneficial
effects of green tea — a review. Journal of the American College of Nutrition, 25(2), 79-99.
https://doi.org/10.1080/07315724.2006.10719518

Chakraborty, M., Kamath, J. V, & Bhattacharjee, A. (2014). Potential Interaction of Green Tea Extract
with Hydrochlorothiazide on Diuretic Activity in Rats. International Scholarly Research Notices,
2014, 1-5. https://doi.org/https://doi.org/10.1155/2014/273908

Dewi, K. (2008). Pengaruh ekstrak teh hijau (Camellia Sinensis var. Assamica) terhadap penurunan
berat badan , kadar trigliserida dan kolesterol total pada tikus jantangalur wistar. Jurnal
Kedokteran Maranatha, 7(2), 1-11.

Grossman, E., Verdecchia, P., Shamiss, A., & Angeli, F. (2011). Diuretic Treatment of Hypertension.
Diabetes Care, 34(Suppl 2), S313-S319. https://doi.org/10.2337/dc11-5246

Herman, H., Azizah, R. N., & Inaku, C. (2012). Uji efek diuretik infus biji jagung (Zea Mays L),
rambut jagung dan kombinasi antara keduanya pada kelinci jantan (Oryctolagus Cuniculus)
berdasarkan parameter frekuensi urinasi dan volume urin. As-Syifaa, 04(01), 65-73.

Ibrahim, K., H, Y. K., Rahayuwati, L., Nurmalisa, B. E., & Fitri, S. U. R. (2017). Hubungan antara
Fatigue , Jumlah CD4 , dan Kadar Hemoglobin pada Pasien yang Terinfeksi Human
Immunodeficiency Virus ( HIV ). Jurnal Keperawatan Padjadjaran, 5, 271-280.

Irianti, T., Fakhrudin, N., Efendi, Hartomo, S., Astuti, S. P. Y., Kusumaningtyas, R. A., & Meiftasari,

Pharmaciana Vol. 10, No. 2, July 2020, Hal. 185 - 192



Pharmaciana ISSN: 2088 4559; e-ISSN: 2477 0256 191

A. (2016). Comparation of several plants extract and vitamin C inhibition activity to tyrosine
photodegradation induced by ketoprofen and its total phenolic compounds. Traditional Medicine
Journal, 21(3), 124-131.

Jabeen, Q., & Aslam, N. (2013). Hypotensive, angiotensin converting enzyme ( ACE ) inhibitory and
diuretic activities of the agueous-methanol extract of ipomoea reniformis. Iranian Journal of
Pharmaceutical Research, 12(4), 769-776.

Jouad, H., Lacaille-Dubois, M. ., B.Lyoussi, & M.Eddouks. (2001). Effects of the flavonoids extracted
from Spergularia purpurea Pers. on arterial blood pressure and renal function in normal and
hypertensive rats. Journal of Ethnopharmacology, 76(2), 159-163.

Lingga, I. S., Citraningtyas, G., & Lolo, W. A. (2014). Uji efek ekstrak etanol patikan kebo
(Euphorbia hirta Linn.) sebagai diuretik pada tikus putih jantan galur wistar (Rattus norvegicus
sp.). Pharmacon, 3(3), 287-293.

Marliana, S. D., Suryanti, V., & Suyono. (2005). Skrining fitokimia dan analisis kromatografi lapis
tipis komponen kimia buah labu siam (Sechium edule Jacq . Swartz .) dalam ekstrak etanol.
Biofarmasi, 3(1), 26-31.

Muthia, R., Maulana, A., & Puteri, M. R. (2017). Uji aktivitas in vivo ekstrak etanol kulit buah
semangka ( Citrulus lanatus L .) Sebagai diuretik dengan pembanding furosemid. Jurnal Boerneo
Journal of Pharmascientech, 01(01), 67—75.

Negishi, H., Xu, J., lkeda, K., Njelekela, M., & Nara, Y. (2004). Black and green tea polyphenols
attenuate blood pressure increases in stroke-prone spontaneously hypertensive rats 1. The Journal
of Nutrition, 134(1), 38—42. https://doi.org/10.1093/jn/134.1.38

Nessa, N., Arifin, H., & Muchtar, H. (2013). Efek diuretik dan daya larut batu ginjal dari ekstrak
etanol rambut jagung ( Zea mays L.). Proseding Seminar Nasional Perkembangan Terkini Sains
Farmasi Dan Klinik I11, 345-358.

Nurihardiyanti, N., Yuliet, Y., & lhwan, I. (2015). Aktivitas diuretik kombinasi ekstrak biji pepaya
(Carica papaya L) dan biji salak (Salacca zalacca varietas zalacca (Gaert.)VVoss) pada tikus jantan
galur wistar (Rattus norvegicus L). Galenika Journal of Pharmacy, 1(2), 105-112.
https://doi.org/10.22487/j24428744.2015.v1.i2.6241

Persson, 1. A.-L., Josefsson, M., Persson, K., & Andersson, R. G. G. (2006). Tea flavanols inhibit
angiotensin-converting enzyme activity and increase nitric oxide production in human
endothelial cells. 58(8), 1139-1144.

Purwidyaningrum, I., Sukandar, E. Y., & Fidrianny, I. (2016). Diuretic activity of different organs of
matoa ( Pometia pinnata ) extracts and its influence on potassium and sodium levels. 8(2), 244—
247,

Rahayu, S., Kurniasih, N., & Amalia, V. (2015). Ekstraksi dan identifikasi senyawa flavonoid dari
limbah kulit bawang merah sebagai antioksidan alami. Al-Kimiya, 2(1), 1-8.
https://doi.org/10.15575/ak.v2i1.345

Sembiring, E. N., Elya, B., & Sauriasari, R. (2018). Phytochemical screening, total flavonoid and total
phenolic content and antioxidant activity of different parts of Caesalpinia bonduc (L.) Roxb.
Pharmacognosy Journal, 10(1), 123-127. https://doi.org/10.5530/pj.2018.1.22

Siswandono, & Soekardjo. (2008). Kimia Medisinal 1 Edisi 2.

Susilowati, A. (2019). Diuretic effect of the aqueous extract of green tea leaves. In Proceedings of the
Third International Conference on Sustainable Innovation 2019 — Health Science and Nursing.
https://doi.org/10.2991/icosihsn-19.2019.8

Syamsudin, & Darmono. (2011). Buku Ajar: Farmakologi Eksperimental. Jakarta, Ul Press.

Comparative Effectiveness... (Susilowati and Indratika)



192 ISSN: 2088 4559; e-ISSN: 2477 0256

Pharmaciana Vol. 10, No. 2, July 2020, Hal. 185 - 192



