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A B S T R A C T

Background: Even when there is enough oxygen available, cancer cells meet their energy requirements
by increasing glucose intake, glycolysis rate, and lactate generation. Otto Warburg proposed this process,
which is known as the Warburg effect. A recent method of drug discovery includes developing medications
that interfere with glucose consumption and aerobic glycolysis, or lactate production in cancer cells.
Curcumin (C), Quercetin (Q), Ellagic acid (E), and Resveratrol (R) were examined in U87 cells for their
ability to induce cytotoxicity at certain concentrations, as well as modulate lactate-pyruvate metabolism.
Results: All the tested compounds and their combinations such as C+E, C+Q, C+R and Q+R have
exhibited, dose-dependent cytotoxic effects against U87 Glioma cells. Besides, the compounds (except
Ellagic acid) and the combinations have modulated glucose intake, lactate-pyruvate level, and NADH/NAD
ratio in U87 Glioma cells.
Conclusions: Phytocompounds those modulate cellular metabolism in cancer cells are currently unknown.
Our findings imply that the phytocompounds used in the study are involved in cancer cell metabolic
reprogramming and have cytotoxic properties. These substances could be used for the prevention and
treatment of cancer.
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1. Background

Brain and central nervous system tumours constitute 3%
of the estimated cancer incidence and deaths among the
total number of cancers.1 Despite a number of therapeutic
options, the median survival is only 8 months and 1-year
survival is 20%.2 Many cancers, including glioma, alter
their biochemical pathways for energy metabolism, growth,
survival, proliferation, and long-term maintenance.3 Cancer
cells satisfy their energy demands largely through increased
glucose uptake and a high rate of glycolysis, even when
there is an ample amount of oxygen. The phenomenon
was initially described by Otto Warburg and the process
is named after him as the “Warburg effect”.4 The
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uptake of glucose is the basis for diagnosis using fluoro-
deoxy-glucose (FDG) PET-CT scan. The metabolic rate
of glucose by aerobic glycolysis is substantially faster,
with lactate being produced 10-100 times faster than
glucose is completely oxidized in the mitochondria. Lactate
dehydrogenase (LDH) transforms the pyruvate produced
during glycolysis into lactate. LDH levels have been found
to be greater in a variety of cancers, LDH is believed to be
a prognostic biomarker with a higher level thought to be
a predictive biomarker. The lactate helps in cell migration
and angiogenesis in a hypoxic condition.5 Besides lactate
also helps in immune escape and modulating tumour
microenvironment.6 Apart from high glucose uptake and its
metabolism the utilization of glutamine amino acid through
glutaminolysis is another adaptive process for cancer cells
in maintaining energy and other physiological demands.7
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A combination of surgical resection, radiotherapy or
radiosurgery, and chemotherapy are the currently available
treatment options for malignant glioma. To enhance overall
survival time and quality of life for these patients, innovative
medicines are desperately needed. Targeting cancer cell
metabolism also opens up new avenues for drug discovery.

Plant-derived products have been extensively tested for
different diseases including cancer. Several phytochemicals
have been shown to modify glucose uptake by cancer cells.8

The GLUT 1 enzyme which transports glucose has flavone
binding sites.9 Plant-derived products possess anticancer
and chemopreventive properties.10 Understanding the
molecular mechanisms of cancer chemoprevention is
important for future drug development.11 Some of
the extensively studied phytocompounds like Quercetin,
Curcumin, Ellagic acid and Resveratrol show potential
anticancer properties. Curcumin is the most bioactive
polyphenol which is found in the spice turmeric.12

Quercetin is a flavonoid which is found in plants and food
like red wine, apple, berries and onion.13 Ellagic acid
is a polyphenol found in many fruits and vegetables.14

Resveratrol (3, 5, 4
′
-trihydroxy-trans- stilbene) is a natural

polyphenol that is present in red grapes, red wine, peanuts,
and ground nuts.15

In this study, we used select plant derived compounds
such as Curcumin, Quercetin, Ellagic acid and their
combinations for cytotoxicity and modulation of lactate and
pyruvate levels in U87 glioma cells. Our results showed
that except Ellagic acid, the tested compounds and their
combination modulate lactate pyruvate levels in U87 glioma
cells.

2. Materials and Methods

2.1. Cultured cells and cell lines

National Centre for Cell Sciences (NCCS) Pune, India,
provided the glioma cells (U87). The cells were cultured
at 37◦C in a 5% CO2 humified incubator in high-glucose
DMEM (Gibco, USA) with 10% foetal bovine serum and
1% penicillin streptomycin (Gibco, USA).

2.2. Drugs

Compounds such as Resveratrol, Curcumin Quercetin,
and Ellagic acid were purchased from MP Biomedical.
DMSO was used to dissolve the compounds and a stock
concentration of 40mM was prepared and stored in -
200 C until use. Ellagic acid was solubilized in water
containing triethanolamine to make an initial stock solution
of 40mM. Diluting the stock solution with high-glucose
DMEM supplemented with 1X insulin-transferrin-selenium
(Gibco, USA) and 1% Penicillin-Streptomycin resulted in
the final concentrations used in the experiments.

2.3. Assay for 3-(4, 5-Dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium

The cell viability was assessed using the MTT test. U87
cells (2000) per well were seeded in 96-well cluster plates
and incubated overnight in a humified CO2 incubator.
Curcumin, Quercetin, Resveratrol, and Ellagic acid(12.5,
25, 50, 75, and 100 µmol/L) were treated to cells for 96
h.

Each well was incubated for 4 hours at 37◦C with the
addition of 50µL MTT solution (Sigma-Aldrich) diluted in
PBS (5 mg/mL). The formazan crystals were dissolved in
80µL of DMSO and shaken for 1 hour. On a microplate
reader (Bio-Rad), optical density was determined at 595
nm. All of the tests were conducted four times. Nonlinear
regression analysis, and IC50 calculation, were performed
with the Graph Pad prism programme.

2.4. Glucose assay using DNS method

Glioma U87 cells (5×103) per well were seeded in a
96 well plate and allowed to adhere for 24 hours. After
24 hours the culture media was taken out and each of
the phytocompound was added in a concentration range
of 20 -40 µM along with the control. After a 24-hour
incubation, the cells were washed twice with PBS, lysed
using RIPA buffer, and centrifuged at 10000-12000 rpm.
The supernatant was deproteinized with 8% perchloric acid
(PCA) and centrifuged. Using DNS (2, 4 dinitrosalicylic
acid), technique, the deproteinized supernatant was used
to estimate the reducing sugar. In a nutshell, 80-100 µL
supernatant was mixed with 1% DNS, the volume was
adjusted to 1 mL with distilled water, and the mixture
was heated for 15 minutes. The colour changes from light
brown to dark brown indicating the presence of reducing
sugar. The colour was stabilised by adding 40% potassium
sodium tartatrate (PST) after a few minutes. Using a
spectrophotometer, absorbance was measured at 595nm.
The linearity of a standard curve made with anhydrous
glucose was validated in the range of 0-1 mg/mL (r2= 0.98)
and determined to be statistically significant.

2.5. Intracellular and extracellular Pyruvate and
lactate concentrations

An improved approach was used to determine the
concentrations of extracellular and intracellular Pyruvate
& Lactate. Using the leftover lysates from the glucose
experiment, pyruvate and lactate were determined.
Extracellular Pyruvate and lactate were determined
using the wasted culture media. For the determination
of Lactate, a Glycine and Hydrazine buffer (90mM final
concentration, pH 9.2) was added to a 50 µL lysate
with excess NAD (2.4mM final), and the final volume
was adjusted to 500L in distilled water. The reaction
was catalysed by the addition of Lactate dehydrogenase
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enzyme (LDH) 0.1U/l (0.1mg). Everything except the
LDH enzyme was used to create a blank. With the use of
a UV-Visible Spectrophotometer, the blank’s absorbance
was determined at 340nm. Similarly, for a total of ten
minutes, the absorbances of the test samples were measured
at 340nm in one-minute intervals. LDH reduces NAD to
NADH, which results in a rise in absorbance at 340 nm.
The formula Units/mg=(A340 x reaction volume)/(6.22 x
voume (L) of sample in cuvette) was used to calculate the
highest absorbance (maximum sample absorbance – blank
absorbance=A340). The milimolar extinction coefficient of
NADH at a concentration of 340nM is 6.22. For pyruvate
measurement, 40 µL of lysate were mixed in a tris buffer
(0.2 M, pH 7.3), and an excess of NADH (10 mM) was
added before the final volume was adjusted to 500 µL litres
with distilled water. 0.1U/l Lactate dehydrogenase enzyme
was used to catalyse the process (LDH). An UV-Visible
Spectrophotometer set to 340 nm was used to determine
the absorbance. The formula Units/mg= (absorbance
340/min)/(6.22 x mg enzyme/mL reaction mixture) is used
to calculate the decrease in absorbance at 340nm owing to
the oxidation of NADH to NAD.

2.6. NADH/NAD ratio calculation

For the estimation of the NAD/NADH Ratio, Williamson
et al. employed the formula Keq [pyruvate] eq [NADH]eq
[H+]/([Lactate] eq [NAD] eq) =1.11610211, where pH
is 7.0. The final products and reactants could be proved
using the equation: Apparent Keq = Keq [H+], where
Keq = [pyruvate] eq [NADH] eq/([Lactate] eq [NAD]eq)
= 1.1161027 or [NAD]/[NADH] = [pyruvate] eq/(Keq
[Lactate]eq) = 1.1161027.

2.7. Analysis of the data

ANOVA with a P value less than 0.05 was used to examine
the significant difference between the control and tested
drugs.

3. Results

Curcumin (C), Quercetin (Q), Ellagic acid (E), Resveratrol
(R) as well as their combinations (C+Q, C+E C+R, Q+R)
showed cytotoxic effects in glioma cells in a dose-dependent
manner. Morphological alterations such as cell shrinkage,
rounding, membrane blebbing, and signs of apoptosis were
observed (Figure 1). The MTT-based assay was used to
determine cell viability. The results were converted to %
control and plotted in GraphPad prism using data from at
least four experiments with triplicates. The results showed
that all the four compounds and the combinations C+E,
C+Q, C+R, and Q+R exhibited cytotoxic activity in U87
cells. The IC50 values of the compounds are indicated in the
graph(Figure 1).

Fig. 1: Dose-dependent response of Curcumin, Ellagic acid,
Quercetin, and Resveratrol and their combination on the viability
of U87cells (A) Brightfield analysis of U87 cells treated with
the carrier (Control) or 20µM concentrations of each of the
compounds. (B) Graphs show the viability of the U87 cell as
determined by tetrazolium salt (MTT) assay after 96 h of exposure
of the compounds with indicated concentrations. IC50 values are
generated using the Graphpadprism program and the value is
indicated in the graph.

Fig. 2: Intracellular glucose concentrations of U87 cells, treated
with carrier Curcumin, Quercetin, Ellagic acid, Resveratrol, and
their combination for 24h. Intracellular glucose concentration
significantly lower in Curcumin, Quercetin, and Resveratrol
treated cells but nochange of glucose concentration was observedin
ellagic acid treated cells.

Curcumin (C), Quercetin (Q), Ellagic acid (E),
Resveratrol (R) as well as combinations of C+E, C+Q,
C+R, and Q+R, were tested for modulation of intracellular
glucose concertation in U87 cells.

A sublethal dose (20µM) of Curcumin (C) Quercetin
(Q), Ellagic acid (E), Resveratrol (R), and combinations
(10µM+10µM each) C+E, C+Q, C+R, Q+R were treated
to U87 cells for 24 hours. The result demonstrated
except Ellagic acid all other compounds and combinations
decreased intracellular glucose concentration in comparison
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Fig. 3: A. Lactate release extracellularly and intracellularly
in U87 cell line treatment with 20µM Curcumin, Quercetin,
Resveratrol and Ellagic acid. B. Pyruvate release extracellularly
and intracellularly in U87cell line treatment with 20µM Curcumin,
Quercetin, Resveratrol, Ellagic acid and their combination.

Fig. 4: NADH/NAD Ratio extracellularly and intracellularly in
U87 cells treatment with 20µM Curcumin, Quercetin, Resveratrol,
Ellagic acid and their Combination.

to the carrier treated cells. (Figure 2). Curcumin (C),
Quercetin (Q), Resveratrol (R) and combinations C+E,
C+Q, C+R, Q+R, lowered the intracellular and extracellular
lactate levels while increasing pyruvate levels in U87 glioma
cells.

The reversal of Warburg’s effect was observed in U87
cells treated with, Curcumin (C), Quercetin (Q), and
Resveratrol (R), as well as C+E, C+Q, C+R, Q+R for 24
hours, U87 cells were given a subtoxic dosage of 20M.
With the exception of Ellagic acid, the data revealed a
considerable drop in lactate and an increase in pyruvate
(Figure 3). The information is presented in the form of
Mean Standard Error. Curcumin (C), Quercetin (Q), Ellagic
acid (E), Resveratrol (R) as well as C+E, C+Q, C+R, Q+R,

combinations, modify the NADH/NAD ratio in U87 glioma
cells.

4. Discussion

The high requirement for precursor molecules for numerous
anabolic processes, such as ribose sugar for nucleotides,
glycerol and citrate for lipids, various amino acids, and
NADPH, is linked to cancer cell proliferation. To cope
with the high energy demand and the necessity for
precursor chemicals for fast cell division, cancer cells
undergo metabolic reprogramming. There has been a lot of
research on cancer cell metabolism in order to find new
therapies for repairing disrupted metabolic pathways. The
elevated lactate aids tumour development, angiogenesis,
and rearrangement of tumour microenvironment. Lactate
concentrations in tumours are linked to a higher likelihood
of metastasis and a poor prognosis for survival in
cancer patients.16 Quercetin, Curcumin, Ellagic acid, and
Resveratrol are well known for their anti-inflammatory,
antioxidant, and cancer-fighting properties.17 Curcumin has
been shown to affect metabolism, resulting in lower glucose
absorption and lactate generation.18 Changes in metabolic
pathways, particularly fatty acid metabolism, have been
linked to phytocompounds such as resveratrol, quercetin,
and epicatechin gallate. Our results show quercetin,
curcumin and resveratrol, induce metabolic changes in
Glioma cells. Aside from these, the compounds, with the
exception of ellagic acid, reduced glucose uptake as well
as lactate synthesis and increased pyruvate levels in the
cells, reversing the Warburg effect. Curcumin, Resveratrol,
Quercetin, modulated lactate/pyruvate metabolism at 20-
40 µM concentrations, revealing cancer cells’ sensitivity to
these phytocompounds.

Quercetin, Curcumin Resveratrol, and Ellagic acid,
appear to have a new anti-cancer mechanism, according to
our findings. These compounds could be targeted for cancer
therapy without destroying normal cells. One such step is
metabolic restoration in cancer cells. In summary, our study
demonstrates a novel anticancer effect for these selected
phytocompounds, which paves the way for further research
into their application in the clinical setup.

5. Conclusion

Despite considerable improvements in treatment options
over the last decade, neither the incidence of cancer
nor cancer-related mortality has changed in the recent
30 years. Anticancer medications now available have
low efficacies, are accompanied with severe side effects,
and are extremely costly. As a result, finding natural
phytocompounds that do not have these drawbacks is
a top focus. Natural dietary phytocompounds have been
widely used in cancer prevention and therapy research
in vitro, in vivo, and in preclinical models, with varying
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degrees of effectiveness. Natural phytocompounds are a far
more appealing approach that is fully justified in terms of
understanding their potencies. It has been well established
that cancer cell usually increases glucose absorption and
switches to aerobic glycolysis. We demonstrated that
natural phytocompounds can reverse the Warburg effect by
increasing pyruvate concentration and decreasing lactate
concentration. Thus, Curcumin, Resveratrol, Quercetin,
and, the tested combinations of phytocompounds, are
candidate anticancer compounds for further research on
glioma.

6. Abbreviations

1. LDH: Lactate Dehydrogenase
2. FDG: Fluoro- Deoxy-Glucose
3. MTT: 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-

diphenyltetrazolium
4. DMSO: Dimethyl Sulfoxide
5. PCA: Perchloric Acid
6. DNS: 2, 4 Dinitrosalicylic Acid
7. PST: Potassium Sodium Tartatrate
8. DMEM: Dulbecco’s Modified Eagle Medium

7. Source of Funding

Department of Science and Technology, Government of
Odisha.

8. Conflict of Interest

None.

References
1. Siegel RL, Miller KD. Cancer statistics, 2019. CA Cancer J Clin.

2019;69(1):7–34.
2. Ghosh M, Shubham S, Mandal K, Trivedi V, Chauhan R,

Naseera S. Survival and prognostic factors for glioblastoma
multiforme: Retrospective single-institutional study. Indian J Cancer.
2017;54(1):362–7.

3. Phan LM, Yeung SCJ, Lee MH. Cancer metabolic reprogramming:
importance, main features, and potentials for precise targeted anti-
cancer therapies. Cancer Biol Med. 2014;11(1):1–19.

4. Warburg O. The metabolism of carcinoma cells. J Cancer Res.
1925;9(1):148–63.

5. Millán IS, Brooks GA. Reexamining cancer metabolism: lactate
production for carcinogenesis could be the purpose and explanation
of the Warburg Effect. Carcinogenesis. 2017;38(2):119–33.

6. Cruz-López KGDL, Castro-Muñoz LJ, Reyes-Hernández DO, García-
Carrancá A, Manzo-Merino J. Lactate in the Regulation of Tumor
Microenvironment and Therapeutic Approaches. Front Oncol.
2019;9(1143):1–21.

7. Yang L, Venneti S, Nagrath D. Glutaminolysis: A Hallmark of Cancer
Metabolism. Annu Rev Biomed Eng. 2017;19:163–94.

8. Park JB. Flavonoids are potential inhibitors of glucose uptake in U937
cells. Biochem Biophys Res Commun. 1999;260(2):568–74.

9. Pérez A. Hexose transporter GLUT1 harbors several distinct
regulatory binding sites for flavones and tyrphostins. Biochemistry.
2011;50(41):8834–45.

10. Desai A, Qazi GN, Ganju RK, El-Tamer M, Singh J, Saxena AK, et al.
Medicinal Plants and Cancer Chemoprevention. Curr Drug Metab.
2008;9(7):581–91.

11. Maru GB, Hudlikar RR, Kumar G, Gandhi K, Mahimkar MB.
Understanding the molecular mechanisms of cancer prevention by
dietary phytochemicals: From experimental models to clinical trials.
World J Biol Chem. 2016;7(1):88–99.

12. Perrone D. Biological and therapeutic activities, and anticancer
properties of curcumin. Exp Ther Med. 2015;10(5):1615–23.

13. Srivastava S, Somasagara RR, Hegde M, Nishana M, Tadi SK,
Srivastava M, et al. Quercetin, a Natural Flavonoid Interacts with
DNA, Arrests Cell Cycle and Causes Tumor Regression by Activating
Mitochondrial Pathway of Apoptosis. Sci Rep. 2016;6:24049.

14. Bensaad LA, Kim KH, Quah CC, Kim WR, Shahimi M. Anti-
inflammatory potential of ellagic acid, gallic acid and punicalagin
A&B isolated from Punica granatum. BMC Comp Altern Med.
2017;17(1):47.

15. Burns J, Yokota T, Ashihara H, Lean MEJ, Crozier A. Plant foods and
herbal sources of resveratrol. J Agric Food Chem. 2002;50(11):3337–
40.

16. Walenta S, Wetterling M, Lehrke M. High lactate levels predict
likelihood of metastases, tumor recurrence, and restricted patient
survival in human cervical cancers. Cancer Res. 2000;60(4):916–21.

17. Cione E, La Torre C, Cannataro R, Caroleo MC, Plastina P, Gallelli
L. Quercetin, Epigallocatechin Gallate, Curcumin, and Resveratrol:
From Dietary Sources to Human MicroRNA Modulation. Molecules.
2019 Dec 23;25(1):63;.

18. Soni VK, Mehta A, Ratre YK, Chandra V, Shukla D, Kumar
A, Vishvakarma NK. Counteracting Action of Curcumin on High
Glucose-Induced Chemoresistance in Hepatic Carcinoma Cells. Front
Oncol. 2021 Oct 6;11:738961;.

Author biography

Amrita Sahoo, Research Scholar
 

 

https://orcid.org/0000-0002-4039-
2091

Priya Ranjan Debata, Assistant Professor

Cite this article: Sahoo A, Debata PR. Phytocompounds curcumin,
quercetin, and resveratrol modulate lactate pyruvate levels in U87
glioma cells. Indian J Pharm Pharmacol 2022;9(4):252-256.

https://orcid.org/0000-0002-4039-2091
https://orcid.org/0000-0002-4039-2091
https://orcid.org/0000-0002-4039-2091

	Background
	Materials and Methods
	Cultured cells and cell lines
	Drugs
	Assay for 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
	Glucose assay using DNS method
	Intracellular and extracellular Pyruvate and lactate concentrations 
	NADH/NAD ratio calculation
	Analysis of the data

	Results
	Discussion
	Conclusion
	Abbreviations
	Source of Funding
	Conflict of Interest

