
ABSTRACT

Type 2 diabetes mellitus is a common metabolic disorder with high global

prevalence. Over 350 million people worldwide have Type 2 diabetes and the

International Diabetes Federation projects says that this number will increase to

nearly 366 million by 2030. It is characterized by a decrease in insulin secretion,

a decrease in insulin sensitivity or both. There is substantial evidence suggesting

that either physiological or pharmacological activation of AMPK, a major cellular

energy sensor and a master regulator of metabolic homeostasis, can improve

insulin sensitivity and metabolic health. Several plant-based extracts have been

suggested to modulate the activity of AMPK. The present study was carried out to

investigate the AMP-activated protein kinase (AMPK) in HepG2 cells with these

extracts: Passiflora, Garcinia mangostana, Psidium guajava L. and Azadirachta

indica leaves (Neem).

Viability of cells treated with Passiflora and Psidium guajava L were nearly to

100% at all tested concentrations, but treatment with Gracinia mangostana

showed a decrease in cell viability at concentrations of 50, 100 and 200 µg/mL,

while Azadirachta indica treatment also decreased cell viability at the same

concentration, but to a lesser extent than seen with Mangostana treatment. The

protein concentration determined by ELISA showed that there was no activation,

but rather an inhibition of AMPK in cells treated with these four herbal extracts,

because all these extracts didnôtcross the borderline of the control. The positive

control metformin did not show much more activation in comparison to control.

We conclude that these herbal extracts display an inhibitory effect on AMPK

similar to that seen with dorsomorphin, which is an AMPK inhibitor.

INTRODUCTION

Genus Passiflora, which comprises about 500 species of Passifloraceae family

and some of their species have been used extensively in the traditional medicine

in many countries. Nowadays, Passiflora species are extensively used as

sedatives and anxiolytics, also being exploited by the food, pharmacological and

cosmetics industries [1]. Garcinia mangostana Linn known as the queen of fruits,

which belongs to Guttiferae family. Traditionally, numerous parts of G.

mangostana have been utilized to treat various ailments [2]. Psidium guajava

Linn of the family Mytraceae and from a biochemical point of view the fruits

contain vitamin C, vitamin A, iron, calcium and phosphorus. The fruit of guava are

five times richer in vitamin C than citrus fruit such as oranges [3]. Azadirachta

indica is a member of the Mahogany family of Meliaceae, has attracted worldwide

attention in recent years, owing to its wide range of medicinal properties [4].

Figure 1: Images on top row show the four herbal extracts used in these experiments,

from left Passiflora as dried powder, Garcinia mangostana Linn, Psidium guajava and

Azadirachta indica. Images on bottom row show intact plants from which extracts are

derived.

The liver plays many essential roles in maintaining normal physiology. It is also a

vulnerable target of many drugs or other chemicals because it is involved in

complex metabolism [5]. In this study, HepG2 cells were used, which are derived

from the liver human hepatocellular carcinoma. These cells were used, because

of their similarity to normal hepatic cells in lipid or glucose metabolism [6].

RESULTS

Figure 2: ATP assay determination of cell viability. Data are presented as mean of cell

viability relative to 0.2% DMSO Control (CTR). Error bars represent standard deviation.

Metformin (MET) was used as a positive control. Treatment conditions that are

significantly different to CTR were marked with stars (* Ą p Ò0.05, ** Ą p Ò0.01, ***

Ą pÒ0.001 and ****Ą pÒ0.0001).

CONCLUSION

The protein concentration indicated that there was no activation, but an inhibition

with these four herbal extracts. The herbal extracts actually showed an inhibitory

effect like dorsomorphin. These results suggest that there are some effects of

these extracts to HepG2 cell line, details of which require further investigation.

REFERENCES
[1] Corrêa et al. 2016. The past decade findings related with nutritional composition, bioactive molecules and             

biotechnological applications of Passiflora spp (Passiflora).

[2] Pedraza-Chaverri et al. 2008. Medicinal properties of mangosteen (Garcinia mangostana).

[3] Sahu et al. 2016. Topical Fruit Apple of thePoorôsPeople (Psidium guajava L.).

[4] Wawan Sujarwo et al. 2016. Ethnobotanical uses of neem leaves in Bali and the Indian subcontinent in relation with 

historical background and phytochemical properties.

[5] Chen & Kang 2013. In vitro inhibitory effect of oriental melon (Cucumis melo L. var. makuwa Makino) seed on key

enzyme linked to type 2 diabetes. Assessment of anti-diabetic potential of functional food.

[6] Xu et al. 2003. Characterisation of some cytotoxic endpoints using rat liver and HepG2 spheroids as in vitro models and

their application in hepatotoxicity studies. I. Glucose metabolism and enzyme release as cytotoxic markers.

Beneficial Effects of selected herbal extracts on metabolic master 

switches ïDetermination of the potential activation of AMPK

Ananthavettivelu Ragunath

Bachelor-Thesis, Molecular Life Science, Molecular Bioanalytic

Expert: Dr. Elizaveta Fasler-Kan, University of Berne

Expert witness: Prof. Dr. Veronika Butterweck, Institute for Pharma Technology, University of Applied Sciences and Arts

Figure 3: ELISA-based

determination of AMPK activity.

(A) Through ELISA with a

standard curve the unknown

concentration of Unit/mL of

these extract samples could be

calculated. The linear equation

of the standard curve is

Y= 0.03298*X + 0.002234 and it

has a R2 of 0.9988.

(B&C) Bar graphs showing the

mean AMPK concentration in

low and high glucose treated

cells. Error bars represent SD.

For this assay the control (CTR)

was with a medium without

glucose. Metformin (MET) 2mM,

the positive control was mixed

for low and high glucose with

0.2% DMSO. The extracts

concentration which are

significantly different to CTR

were marked with stars (*Ą pÒ

0.05, ** Ą p Ò0.01, *** Ą p Ò

0.001 and ****Ą pÒ0.0001).
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