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Abstract

The incidence of liver cancer, especially hepatocellular carcinoma, has been increasing at an 
alarming rate worldwide, which is characterized by poor prognosis, and the treatment of advanced 
cases is extremely difficult. Thus, exploring innovative and effective therapeutic approaches to liver 
cancer is of utmost importance. In this study, we investigated the potential of Hydrastis canadensis 
6C – an alternative medicine containing ultra-diluted extract of the plant Hydrastis canadensis, 
against the HepG2 cancer cell line by observing the cytotoxicity, cytokine gene expressions, and 
DNA fragmentation studies. Cytotoxicity of Hydrastis canadensis 6C in the HepG2 cell line was 
observed by methylene blue assay and confirmed using MTT assay. The apoptotic characteristic of 
the medicine was analyzed through the DNA fragmentation assay.

In-vitro cytokine gene expression pattern was observed using quantitative real-time polymerase 
chain reaction analyses to monitor pro and anti-inflammatory mediators. The cell viability 
markedly decreased with Hydrastis canadensis 6C as visualized microscopically using methylene 
blue assay and MTT assay. DNA fragmentation was also observed in the experimental set which 
suggests that the cytotoxic feature of the drug may be due to the apoptosis of the cells, occurring 
through DNA fragmentation. Cytokine gene expression pattern showed the relative fold increase 
of Interleukin-10 (6.76 fold) and Transforming Growth Factor β3 (21.61 fold) in comparison to 
the control set, indicating a comparative anti-inflammatory effect of the drug. The results provide 
a possible cytotoxic, apoptotic, and anti-inflammatory characteristic of Hydrastis canadensis 6C, 
which may be an alternative medicine against hepatocellular carcinoma.
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Introduction

Human Hepatocellular Carcinoma (HCC) is the primary cancer 
of the liver, which is the third-highest form of cancer and one of 
the leading causes of cancer death worldwide. It originates from 
latent chronic liver disease and cirrhosis. Cirrhosis is a chronic 
inflammation of the liver which leads to the formation of small 

nodular clusters of abnormal cells. An ideal environment for ma-
lignant, or cancerous tumors to grow is an inflamed nodular liver. 
Presently, there is a very limited scope of therapeutic measures 
for the advanced HCC treatment, and its response to any kind 
of chemotherapy is very poor, primarily due to the high level of 
chemically acquired and intrinsic immuno-resistance. Hence, the 
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research to find out innovative and effective medical approaches 
for the treatment of such patients is very significant. A key ingre-
dient, Berberine present in Hydrastis canadensis, has shown a cri-
tical anti-cancer effect in vivo as well as in vitro (Yu et al. 2014). 
Many studies have already shown that immortalized hepatic cell 
lines can be utilized for research and academic purposes instead 
of biopsy tissues of the liver, because of the high maintenance 
charge with the requirement of expertise handling, high sensiti-
vity, decreased action of several key enzymes, and preserving of 
liver biopsies in an appropriate culture is challenging for research 
related works [1].

Goldenseal (Hydrastis canadensis L.) is a perennial, herbaceous 
plant of the Ranunculaceae family. In addition, the different plant 
parts, especially the rhizome contains numerous alkaloids namely, 
berberine, palmatine, hydrastine, hydrastinine, and canadine [2], 
and lesser amount of flavonoids (e.g. sideroxylin, 8-desmethyl-si-
deroxylin, 6-desmethyl-sideroxylin, etc), organic acids (e.g. neo-
chlorogenic acid, chlorogenic acid, etc). The increasing demand 
for non-toxic phytochemical focusing therapies in the modern 
world has been the driver for research-related activities for pro-
moting public health concerning issues [3]. The presence of active 
key constituents in ethanolic extract of alternative medicines has 
been a challenging area in the medical as well as the research 
community. In this study, we have used commercially available 
diluted homeopathic remedies for immortalized hepatic cell line 
HepG2 [4].

Apoptosis is a specific form of cell suicide or Programmed Cell 
Death (PCD), and among several markers of apoptosis, DNA frag-
mentation is considered a hallmark. Defect in apoptotic pathways 
plays a crucial part in the progression and development of cancer. 
Modulation of the apoptotic signaling pathways employing alter-
native treatment strategies can knock out cancer cells [5]. 

In general, cancer is a metabolic disorder that is primarily 
denoted by inflammation of body parts. Inflammation itself is a 
complicated procedure resulting from the secretion of numerous 
plasma and cellular mediators, like cytokines, which get released 
in response to an inflammatory stimulus or any injury [6].

Cytokines are cell-derived protein molecules that mediate im-
mune and inflammatory reactions. There are two kinds of cyto-
kines, anti-inflammatory, and pro-inflammatory cytokines. Chro-
nic inflammation is caused by the secretion of pro-inflammatory 
mediators [7], and it has been studied that chronic low-grade 
inflammation is directly related to immunological disorders [8]. 
The inflammatory response is dictated by the balance between 
anti- and pro-inflammatory mediators. The pro-inflammatory cy-
tokines like IFN ɣ, IL-6, IL-8, IL-1 β, and TNF α are authoritative 
for early and increased inflammatory reactions, and on the other 
hand, the anti-inflammatory cytokines, which include IL-10, TGF 
β1, and TGF β3, have the opposite effect. It has already been stu-
died in vivo as well as in vitro that growth factors and cytokines 
are responsible for regulated gene expression and are mainly ex-
pressed by non-parenchymal cells like endothelial, transforming 
hepatic stellate cells, and Kupffer cells. But more clinical research 
is required about their regulation and production in parenchymal 
cells, and many parenchymal cell functions are retained by the 
human hepatocellular carcinoma cell line HepG2 [9]. In this study, 
we have tried to investigate the mortality rate and the gene ex-

pression patterns in a human HCC cell line (HepG2) in response to 
treatment with an extremely low concentration of the Goldenseal 
extract.

Materials and methods

Cell culture

The human hepatocellular carcinoma cell line HepG2 was 
procured from the cell repository of the National Centre for cell 
science, S.P. Pune University Campus. All cells used in this work 
were between passages 25 and 27. The HepG2 cell line was cultu-
red in a T25 flask. The culture medium used was, Dulbecco’s modi-
fied Eagle’s medium (DMEM) (Gibco; Catalogue No. 10-566-016), 
along with 10% fetal bovine serum (FBS) (Gibco; Catalogue No. 
Catalogue No. 11573397), 10% F12 supplement (Gibco, and 400 
µL antibiotic (Pen-Strep +Amphotericin) (Gibco, Lot No. 2321103), 
and cultured at 37°C in a humidified condition containing 5% CO2. 
Media was changed every 48 hrs to facilitate better growth. Cells 
were maintained at 37°C, at 5% CO2 atmosphere, and passaged 
before reaching confluence.

Source of the drug

The 6C dilution of Hydrastis canadensis drug was procured 
from Hahnemann Publishing Company Private Limited (HAPCO), 
Kolkata, a Government recognized manufacturing unit [Hydrastis 
Canadensis 6, HAPCO, M.L.HL 8M, Batch no. 0107, Manufactured 
in January 2022. (E-mail: hapco@vsnl.net)].

For replicating and further investigation of the research work, 
the 6C dilution of the drug can be prepared in-house following 
the below-mentioned procedure. The extract was imported by 
HAPCO (India) from Europe. The plant is the same as the her-
barium accession number 154997, in Butler University Friesner 
Herbarium, collected by P. A Scott and the collection number is 
2515. The native range of the plant is in Eastern North America. 
Preferably, the root (rhizome) portion of the plant is used for mak-
ing the homeopathic mother tincture. The procedure for homeo-
pathic potentization involves the dilution of the mother tincture 
(crude ethanolic extract of the plant material) in 99 mL of rectified 
spirit (90% ethyl alcohol) and given 10 succussions to produce the 
potency 1C. Similarly, 1 mL of the drug solution at potency 1C is 
again added with 99 mL of 90% ethanol, and 10 succussions given 
to produce the potency 2C in this way by successive dilutions and 
successions, further potencies like 6C and beyond are produced 
[10].

Cell viability assay

After being treated in three experimental sets, that is, i) 
Control (untreated cells), ii) Succused 70% Alcohol treated cells, 
and iii) Hydrastis canadensis 6C treated cells, for 24 hrs, the cells 
were photographed and used for methylene blue staining assay 
and MTT assay separately to detect morphological changes and 
proliferation rate respectively. 

Methylene blue staining assay

The HepG2 cells were taken from the growth culture me-
dium and diluted in a fresh culture medium. From this dilution, 
3×105 cells/mL was seeded into each respective well of a 6-well 
tissue culture plate. After 24 hrs of incubation at a condition of 
37°C in 5% CO2, the media was discarded, followed by the addi-
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tion of 1 mL methylene blue solution (1X PBS[Phosphate Buffer 
Saline] + 0.6% methylene blue + 1.25% glutaraldehyde) to each 
well, for cell staining and fixation. After 1 hr of incubation at 37°C 
in 5% CO2, the stain was pipetted out from each well and carefully 
rinsed with 1x PBS, and then images were captured (Figure 1). The 
methylene blue staining assay offers the advantage of fixing and 
staining the viable cells in the wells where they were cultured, 
while the dead cells are removed with the PBS wash before cap-
turing the images [11].

MTT colorimetric assay

Cell viability assay was carried out using 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) [12],with minor 
modifications. The principle of this assay is that the tetrazolium 
salt (MTT) gets reduced to insoluble formazan crystals (Figure 
2) by mitochondrial reductase enzyme activity in the live cells, 
whereas the dead cells cannot perform this activity. So, live cells 
with active metabolism can convert the MTT reagent into a deep 
purple-colored formazan product (Figure 1b). Hence, the intensity 
with which the colored product is formed is directly proportional 
to the count of live cells present in the culture medium [13,14]. 
The HepG2 cells were diluted in a fresh culture medium, and from 
this dilution 3×105 cells/mL were seeded into each well of a 96-
well plate and then incubated for 48 hrs in a 5% CO2 incubator 
at 37∘C. After 48 hrs, the alcohol and Hydrastis canadensis 6C 
medicine were added at 1: 10 dilution into the wells and then 
incubated for 1 hr. After 1 hr, 10µL of MTT reagent (EZcountTM, 
HiMedia) was added, and the mixture was further incubated for 
4 hrs. Next, the mixture in each well was removed, and formazan 
crystals formed were dissolved in 100 µL of solubilization solution 
as provided in the kit and left for overnight incubation. After that, 
spectrophotometric measurement of the mixture was performed 
in Readwell Touch ELISA Plate Reader at wavelengths of 546 and 
600 nm.

DNA ladder assay

The DNA ladder (DNA fragmentation) assay for apoptosis, fol-
lowing treatment with the Hydrastis canadensis 6C drug on the 
HepG2 cell line, was assessed by agarose gel electrophoresis 
[15,16]. Briefly, HepG2 (>90% confluency; 3×105) cells were ex-
posed to Hydrastis canadensis 6C drug for 24 hrs. Alcohol-treated 
and untreated control samples were also included in the experi-
ment. After 24 hrs of incubation in a 5% CO2 incubator at 37°C, 
the used-up growth medium was discarded, and 1x PBS wash was 
done to get rid of the dead cells. Then 1 mL of trypsin was added 
to the cells and incubated for 10 mins in a 5% CO2 incubator at 
37°C. After that 1mL of the growth medium was added to stop the 
trypsin activity. Cells were collected using a cell scraper and cen-
trifuged at 1200 rpm for 10 min. The cell pellet was washed twice 
with 1x PBS and resuspended in 20 µL proteinase K and incubated 
for 1 hr at 56°C water bath. Then DNA was isolated by the salting-
out method and quantified by a spectrophotometer, NanoDrop 
2000 (Manufacturer: Thermo Scientific™ ND2000USCAN). The 
DNA samples were electrophoresed on a 1% agarose gel contai-
ning 4 μL/100 mL SYBR-Safe DNA gel stain (Invitrogen, Cat No. 
S33102). A 100 base pair (bp) DNA ladder (Trackit, Invitrogen, Cat 
No. 10488058) was used in the assay. The gel was examined and 
photographed by an ultraviolet gel documentation system (Che-
miDoc™ XRS+ System with Image Lab™ Software; 1708265).

Analysis of gene expression

RNA extraction was performed from the HepG2 cells, using 
RNA isoPus reagent (Takara, Japan) following the manufacturer’s 
instructions. The RNA quality check was done by measuring the 
absorbance ratio at 260/280 nm of the samples. Purified RNA 
was reverse transcribed immediately after extraction, using the 
5x iScript RT cDNA supermix (Biorad), and a quantity of 1 μg total 
RNA was added into a 20 μL reaction volume to synthesize cDNA. 
Quantitative Real-Time PCR was done, using the SYBR Green 
method (iTaqTM Universal SYBR Green Supermix, Biorad). The 
Housekeeping B-actin gene was used as an endogenous control. 
The following pre-designed primers were used as shown in (Table 
1).

RT-PCR was done using the real-time SYBR green method fol-
lowing the cycling conditions as mentioned in (Table 2), and then 
the level of relative expression of mRNA was determined using 
B-actin as a housekeeping gene following the comparative 2−

ΔΔCTcalculationsformula [17].

Test Experiment-Housekeeping experiment=ΔCT1;

Test control-House-keeping control=ΔCT2; 

ΔCT1-ΔCT2=ΔΔCT; Gene Expression=2^-(ΔΔCT). 

And the mean data of two replicates is represented using R-
programming language (RStudio-2021.09.1.0).

Statistical analysis

Statistical analysis was executed using one-way Analysis Of 
Variance (ANOVA) followed by Tukey’s multiple comparison post-
test, done using GraphPad Prism version 9.3.1 Software, for repre-
sentation of MTT colorimetric assay for which the data is repre-
sented as Mean ± Standard Deviation (SD). The data were checked 
for normality and outlier removal and residuals before comparing 
the results.

Results

Methylene blue staining assay

The cell viability of HepG2 cell culture treated with Hydrastis 
canadensis 6C and alcohol was checked by methylene blue assay 
microscopically under 20x (TCM 400), and it was observed that 
stained live cells were maximum in control wells, less in alcohol-
treated wells and least in drug-treated wells (Figure 1), the dead 
cells were removed before capturing images by 1x PBS wash.

MTT colorimetric assay

The cell viability (%) of HepG2 cells in response to Hydrastis 
Canadensis 6C and alcohol is presented as a bar graph in (Figures 
2-4). The plot shows that there is a decrease in cell viability in 
the cell culture treated with the drug (P<0.0001), while cell via-
bility was maximum in the control where the cells were not trea-
ted with any drug or alcohol. There was moderately decreased 
cell viability (P=0.0047) observed in the cell culture treated with 
alcohol, compared to the control set. It was observed that the 
cell viability remains intact in control but in alcohol and particu-
larly in drug-treated cultures, the cell viability decreases, and a 
significant (P=0.0075) difference lies between the drug and alco-
hol. Thus it was observed that 6C dilution of Hydrastis canadensis 
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effectively kills the cancer cells much more as compared to only 
alcohol treatment, which confirms the anti-cancer activity of the 
drug Hydrastis canadensis 6C.

DNA ladder assay

The alternative medicine-Hydrastis canadensis 6C showed 
significant cytotoxic activity on the HepG2 cells, so these were 
further tested for their ability to induce DNA fragmentation in-
vitro using a DNA ladder assay. As shown in Figure 4, the band 
observed for the extracted DNA from the control set was intact, 
while a very faint band was observed for the extracted DNA from 
the alcohol-treated cells. On the other hand, a smear band pattern 
was observed for the extracted from the Hydrastis canadensis 6C 
treated cells. Thus DNA fragmentation was prominent, which in-
dicated the apoptotic characteristic of the drug toward the HepG2 
cells. This observation is persistent with results observed in cell 
viability analysis on the HepG2 cell line. Our findings suggest that 
the cytotoxicity of the alternative medicine – Hydrastis canaden-
sis 6C might be due to DNA fragmentation and apoptosis. 

Gene expression analysis

A panel of pro-and anti-inflammatory cytokines has been tes-
ted in this experiment (Figure 5) to observe their gene expression 
in response to the treatment of Hydrastis canadensis 6C dilution 
in alcohol against HepG2 cell line [18,19]. The decrease in relative 
fold change in gene expression of IFN ɣ(0.28), and pro-inflamma-
tory cytokine TNF α(0.34) in comparison to the untreated cells 
(Control) justifies the anti-inflammatory effect of the drug dilution 
on the HepG2 cell line. On the other hand, the other pro-inflam-
matory cytokines, IL 6 (5.04), IL 8 (143.93), and IL 1β (14.26) sup-
port the null hypothesis, there is a minimal fold change increase 
in IL1β and IL 6, but in IL 8, there is a relative fold change increase 
of 143.93 in the drug dilution as compared to the control, which 
shows an opposite effect of the drug on these cytokine expression 
supporting the null hypothesis. However, important cytokines like 
IL-6 is pleotropic and as the outcome of the experiment was fa-
vourable, balancing action of IL-10 appears appropriate, as the re-

Figure 1: Microscopic (20X) images of HepG2 cell line; a. Control 
untreated viable cells after 24 hrs of culture; b. Viable cells after Al-
cohol treatment; c. Viable cells after Hydrastis canadensis 6C treat-
ment; d. Control viable cells after 1hr of Methylene blue assay; e. 
Alcohol treated viable cells after 1hr of Methylene blue assay; f. Hy-
drastis canadensis 6C treated viable cells after 1hr of Methylene blue 
assay.

Figure 2: Principle of MTT assay; a. The reduction of MTT to forma-
zan crystals; b. Purple-colored formazan crystals.

lative fold change in gene expression has increased in IL 10 (6.76) 
and TGF β3 (21.61), which is also pleotropic, in comparison to 
the untreated cells, which supports the anti-inflammatory effect 
of the drug dilution on HepG2 cell line. The exact role of TGF β1 
[20] requires elaborate studies, but in this study, the fold change 
observed in the drug dilution (0.12), decreased as compared to 
the control supporting the pro-inflammatory role of the cytokine, 
which in turn proves that the drug has an anti-inflammatory effect 
on the HepG2 cell line. Another observation from this study is that 
the fold change in alcohol-treated HepG2 cells is more than the 
drug-dilution-treated cells in the IL 10 (19.67) and TGF β1 (0.47) 
gene expression. This cytokine gene expression may be attributed 
to the direct hepatic cell damage by alcohol with reactive change 
to nullify it.

Figure 3: MTT colorimetric cell viability assay. Cell growth percentage 
(%) in HepG2 cell line in response to alcohol and Hydrastis canadensis 
6C dilution was measured using MTT assay. Results represent the 
Mean ± SD of five biological replicates. In HepG2 cells, drug dilution 
significantly reduced cell growth. Control- Untreated HepG2 cell line; 
Alcohol - Alcohol +Hep G2 cell line; Hyd 6C- Hydrastis canadensis 
6C+Hep G2 cell line. Statistical analysis was done using a one-way 
analysis of variance followed by Tukey’s multiple comparison post-test 
in GraphPad Prism software. Taking family-wise alpha threshold and 
confidence interval (P≤0.05; 95% CI); **P<0.0021; ****P<0.00001, 
compared to the control.
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Figure 4: DNA ladder assay following treatment of Hydrastis 
canadensis 6C. HepG2 cells were treated with alcohol and Hydrastis 
canadensis 6C for 24 h. Their DNA was extracted, and 4 μg DNA was 
electrophoresed on 1% Agarose gel. Lane 1- 100 base pair (bp) DNA 
ladder; Lane 2- Control or untreated cells; Lane 3- Alcohol treated 
cells; Lane 4- Hydrastis candensis 6C treated cells.

 
Figure 5: Gene expression analysis. Relative fold change in gene 
expression in HepG2 cell line in response to Alcohol and Hydrastis 
6C dilution was measured using Quantitative Real-Time PCR with 
SYBR Green method. Results represent the mean of two replicates. 
Control- Untreated HepG2 cell line; Alcohol - Alcohol +Hep G2 cell 
line; Hyd 6C- Hydrastis canadensis 6C+Hep G2 cell line. The relative 
fold change is calculated, following the comparative 2−ΔΔCT calcula-
tions formula, and is represented using R-programming language.

Table 1: Showing primers of different parameters studied in this 
experiment.

Temperature Duration

Step 1: 95oC 3.00 minutes

Step 2: 95oC 15 seconds

Step 3: 60oC 30 seconds

Step 2 and Step 3: 40 cycles

Parameter Forward Backward

IFN-γ GAGTGTGGAGACCATCAAGGAAG TGCTTTGCGTTGGACATTCAAGTC

IL-6 AGACAGCCACTCACCTCTTCAG TTCTGCCAGTGCCTCTTTGCTG

IL-8 GAGAGTGATTGAGAGTGGACCAC CACAACCCTCTGCACCCAGTTT

IL-10 TCTCCGAGATGCCTTCAGCAGA TCAGACAAGGCTTGGCAACCCA

IL-1β CCACAGACCTTCCAGGAGAATG GTGCAGTTCAGTGATCGTACAGG

TGF-β1 TACCTGAACCCGTGTTGCTCTC GTTGCTGAGGTATCGCCAGGAA

TGF-β3 CTAAGCGGAATGAGCAGAGGATC TCTCAACAGCCACTCACGCACA

TNF-α CTCTTCTGCCTGCTGCACTTTG ATGGGCTACAGGCTTGTCACTC

Table 2: PCR Cycle conditions in this experiment.

Discussion

A study on HepG2 cells was performed to check the efficacy of 
the drug Hydrastis canadensis 6C on HepG2 liver cancer cells in 
comparison to control or untreated cells and alcohol-treated cells 
[21]. Cells challenged with Hydrastis canadensis 6C showed a pro-
minent inhibition of cell proliferation when stained with methy-
lene blue dye, and the cytotoxic nature of the drug was confirmed 
using the MTT assay, where the cell growth percentage (P<0.0001) 
significantly decreased, taking 95% confidence interval. Thus, 
these results indicated the anticancer activity of the drug by inhi-
biting cell proliferation. Apoptosis or programmed cell death plays 
an essential part in balancing cell death and cell proliferation and 
contributes to effective cancer therapy [22,23]. Many studies re-
garding anticancer activity have scientifically proven that apopto-
sis is the ultimate fate for anti-cancer therapy [24]. The apoptosis 
characteristic of the drug was further observed by the smear-like 
DNA band which is an outcome of DNA fragmentation and indi-
cates apoptosis. Our results are suggesting that the cytotoxicity 
might be due to the apoptosis inductive effect indicative of an-
ticancer activity of the drug Hydrastis canadensis 6C on the hu-
man Hepatoma (HepG2) cell line. We further studied the cytokine 
expression pattern, for observing the pro- or anti-inflammatory 
effect of the drug on the HepG2 cell line. The decrease in relative 
fold change in gene expression of pro-inflammatory cytokines, IFN 
ɣ, TNF α, and TGF β1 [21] indicates the anti-inflammatory effect of 
the drug while the relative fold change of other pro-inflammatory 
cytokines, IL-6, IL-8, and IL-1β increased, indicating a cytokine im-
balance in the cancer cells. But the anti-inflammatory mediator’s 
expression increased, in comparison to the untreated cells, which 
supports the anti-inflammatory effect of the drug dilution on the 
HepG2 cell line. An increase in IL-10 expression was also seen 
which successfully counteracts the IL-6 expression, confirming the 
anti-inflammatory effect of the drug Hydrastis canadensis 6C on 
the HepG2 cell line. The efficacy of high-dilution bioactive chemi-
cals never follows a linear relation between the concentration of 
the bioactive chemical and the effect of that chemical.

Again the succusion during preparation of this medicine may 
release silica nanoparticles from the glass surface, the bioactive 
chemical is probably entrapped inside the silica particles and re-
leased slowly afterwards. Thus at 6C ultradilution where an ex-
tremely scanty number of molecules are likely present, we are 
getting biological activities from that.

Conclusion

Our study design provides a background, confirming the cy-
totoxic, apoptotic, and anti-inflammatory nature of Hydrastis 
canadensis 6C – an alternative medicine on the HepG2 cell line. 
Thus, further studies are required to confirm the anticancer acti-
vity of the medicine on human hepatocellular carcinoma.
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