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Introduction
The use of Complementary and Alternative Medicine (CAM), 

which include practices such as traditional-indigenous medicinal 
practices and herbal supplements [1], continues to grow rapidly around 
the world [2,3], and is particularly popular amongst cancer patients, 
with approximately 87% reporting some CAM use [4-7]. For more than 
90 years, Essiac®, a popular North American CAM [8,9], has been widely 
used based on its testimonial claims of improving the immune system, 
reducing cancer load, and improving overall quality of life [10] with very 
few side effects (mild nausea and diarrhea) [11]. Essiac®, is a proprietary 
blend of four herbs: sheep sorrel (Rumex acetosella), burdock root 
(Arctium lappa), slippery elm bark (Ulcus fulva), and Indian rhubarb 
root (Rheum palmatum), derived from an Ojibwe Indian remedy used 
for both spiritual balance and body healing [12]. Individually, each 
of the four herbs have been shown to exhibit health benefits through 
their expansive chemical components such as vitamins, minerals, 
organic acids, phytoestrogens, anthraquinones, and many antioxidants 
[13]. Particularly, these herbs have been shown to have antioxidant, 
anti-inflammatory, immunomodulatory, antitumor, anticancer, 
antibacterial, diuretic, laxative, wound healing, and gastroprotective 
properties [11,14,15]. In vitro studies exploring Essiac’s® health benefits 
have also demonstrated it to have strong antioxidant abilities [14-16], 
anti-inflammatory [16] and immunomodulatory activity [15], and 
antiproliferative properties against cancer cells [15,17,18], although 
one study revealed increased breast cancer cell proliferation at low 
exposures [19]. 
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Abstract
Essiac® is an herbal compound that has been widely used as a dietary supplement for health and immune system support, as well as a homeopathic cancer treatment. 
Despite multiple studies aiming to demonstrate its touted benefits, the results have been inconclusive. Some studies have shown Essiac® to impart gastroenterological 
protection, combat reactive oxygen species (ROS), increase immune cell subsets, and reduce in vitro cancer cell numbers, while other studies have not been able to 
show reduced cancer load in vivo. Therefore, in this study using the fully-prepared proprietary blend, Essiac® Liquid Herbal Extract (LHE), we thoroughly explored 
its health benefits using the nematode animal model, Caenorhabditis elegans (C. elegans), as well as assessed its antiproliferative abilities against three non-adherent 
(myeloma, lymphoma, and leukemia) and two adherent tumor forming (breast and prostate) cancer cell lines. Our findings show that when C. elegans were exposed to 
the recommended dosage of Essiac® LHE, there was an increase in their overall lifespan, and an increase in their ability to withstand oxidative stress induced mortality 
when challenged. Additionally, our work demonstrated that a 24% exposure of Essiac® LHE induced a significant decrease in cell viability and proliferation within 
all five cancer cell lines (RPMI 8226, Jurkat, CML, LNCaP, and MCF7). Furthermore, our results indicate that the anti-proliferative effects of Essiac® LHE are not 
being mediated through the induction of intrinsic apoptosis, but through an alternative cellular mechanism. Taken together, these in vitro and in vivo findings lend 
support to the overall health benefits and antiproliferative abilities of Essiac® LHE. 

To date, all efforts investigating the in vivo health benefits of Essiac® 
have been inconsistent, as many of the previous studies are incomplete 
or non-peer reviewed, and those that are have been peer-reviewed 
have used various formulations or preparations of Essiac®, all which 
has led to inconclusive evidence [11,20,21]. There is also a dearth 
of studies using the direct fully-prepared proprietary blend, Essiac® 
Liquid Herbal Extract (Essiac® LHE). Despite this, Essiac® continues to 
remain a widely popular CAM treatment. Therefore, this study aimed 
to contribute to the existing body of evidence by conducting a more 
thorough assessment of the health, antioxidant, and anti-proliferative 
abilities of Essiac® LHE, using both in vivo and in vitro models. We 
hypothesized that the high antioxidant capacity of Essiac® LHE would 
improve the overall health and the ability to withstand oxidative stress 
in Caenorhabditis elegans (C. elegans), a nematode animal model that 
has been widely used to assess lifespan, oxidative stress, and innate 
immunity. The relatively short lifespan (2-3 weeks) and inducible 
innate immune system make C. elegans an appropriate model for this 
study [22-25]. Additionally, because previous studies investigating 
the anti-cancer effects of Essiac® have been inconclusive, in this study 
we sought to more comprehensively investigate the antiproliferative 
ability of Essiac® LHE exposure on: two adherent/tumor forming cell 
lines previously used in Essiac® studies (breast and prostate), and three 
non-adherent/non-tumor forming cancer cell lines (T cell leukemia; 
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B-cell myeloma and Chronic Myeloid Leukemia). The latter two non-
adherent/non-tumor forming cancer cell lines listed have not been 
previously explored in the context of Essiac®. We hypothesized that the 
high antioxidant and anthraquinone content found within the herbs of 
Essiac® LHE would induce both anti-proliferative and cytotoxic effects 
in the various cancer cell lines (MCF7, LNCaP, CML, Jurkat, and RPMI 
8226). 

Methods 
Essiac® liquid herbal extract (LHE)

Essiac® Liquid Herbal Extract (Essiac® Canada International Inc., 
Ottawa, ON, Canada) was purchased from Amazon.com. Upon arrival, 
Essiac® LHE bottles were kept at room temperature, and stored at 4°C 
upon opening for up to two weeks, as indicated by the manufacturer. 
The suggested human dosage is 40 mL daily.

Maintenance of C. elegans and Essiac® LHE exposure

Wildtype (N2 Bristol) C. elegans were obtained from the 
Caenorhabditis Genetic Center (University of Minnesota, Minneapolis, 
MN, USA) and maintained as frozen stock until needed. All 
synchronized cultures were grown on 60 mm solid NGM plates seeded 
with a spot (100 µL) of OP50 E. coli for nutrients at 22°C. Reproductive 
adults were placed onto fresh 60 mm NGM plates and allowed to lay 
eggs for 2-4 hours, producing age-synchronized groups. Working 
cultures were maintained at 22°C. For all experimental exposures 
to Essiac® LHE, 35 mm plates were seeded with 50 µL of OP50 that 
contained various concentrations of the suggested dosage of Essiac® 

LHE. For experimental exposures, the manufacturer recommended 
daily human dosage of Essiac® LHE (40 mL) was added to 10 mL of fresh 
OP50 (which had been grown overnight shaking at 37°C), and this 
constituted a 100% Essiac® LHE exposure treatment. A serial dilution 
was then used to get the remaining dosage concentrations (50%, 25%, 
12.5%, 6.25%, 3.125%, and 1.5625%). Control groups were exposed to 
OP50 alone.

Health/longevity assay

The health and longevity of C. elegans was assessed with a longevity 
assay. Synchronized worms at three days of age (L4 stage) were 
transferred to 35 mm plates seeded with either 50 µL of Essiac® LHE in 
OP50 at the specified dosage or control (OP50 alone), and maintained 
at 22°C. Each group contained a total of 100 worms over four plates, 
per assay. To avoid confounding generations, the original worms were 
transferred every two days to fresh plates until they stopped producing 
eggs. Worms were checked and recorded daily for survival for the next 
28 days, with removal of dead worms. Worms were scored as dead if 
they did not respond to a touch stimulus. A total of five trials were 
conducted for each dosage exposure (3.125%, 6.25%, 12.5% and 25%, 
50%, and 100%). 

Acute oxidative stress assay 

The ability of C. elegans to withstand oxidative stress was assessed 
through an acute oxidative stress assay. Synchronized worms at three 
days of age (L4 stage) were transferred to 35 mm plates seeded with 50 
µL of Essiac® LHE in OP50 at 100% dosage or control (OP50 alone), for 
48 hours, after which they were transferred to 35 mm plates containing 
472 µM juglone (5-hydroxyl-1, 4-naphthoquinone, Sigma Aldrich) 
within the NGM [26]. Juglone is a quinone that generates superoxide 
anion (O2-) from molecular oxygen during metabolism. The plates 
were prepared by dissolving juglone in 100% ethanol and immediately 

mixing it into liquefied NGM at 55C for a final concentration of 472 M. 
The mixture was then poured into 35 mm plates. After solidification, 
the plates were seeded with 20 µL of OP50 and allowed to dry in a 
fume hood for 30 min, after which a ring of palmitic acid (10 mg/mL 
in ethanol) was applied to the edge of the NGM to inhibit worms from 
crawling along the sides of the plate. Juglone plates were used as soon 
as they were prepared, transferring the treated and control groups to 
their respective plates, and monitored for mortality every 30 min for a 
four-hour period. Worms were scored as dead if they did not respond to 
a touch stimulus. Each group contained a total of 100 worms over four 
plates, per assay. A total of three trials were conducted for this assay.

Maintenance of cell lines and Essiac® LHE exposure

All cell lines were obtained from ATCC and maintained at 37°C 
with 5% CO2. Breast cancer adherent cell line MCF7 (HTB-22) was 
cultured in Eagle’s MEM medium with 10% FBS and 0.01 mg/mL of 
human recombinant insulin. Chronic myeloid leukemia non-adherent 
cell line CML (K-562, CCL-243) was cultured in Iscove’s MDM medium 
with 10% FBS. Prostate cancer adherent cell line LNCaP (clone FGC, 
CRL-1740), B-cell myeloma non-adherent cell line RPMI-8226 (CCL-
155), and T-cell leukemia non-adherent cell line Jurkat (clone E6-1, 
TIB-152) were all cultured in RPMI-1640 media with 10% FBS. For 
all experimental exposures, Essiac® LHE was directly mixed into the 
respective medium at the desired final concentration (1.5%, 3%, 6%, 
6.25%, 12%, 12.5%, 24%, 25%, 48%, and 50%). Control groups were 
exposed to medium alone.

Trypan blue exclusion assay 

Cell viability was assessed through trypan blue (Millipore-Sigma-
Aldrich, USA) exclusion. This dye enters disrupted cell membranes 
(e.g., dead cells) marking them blue. In contrast, living cells with 
intact membranes exclude dye entry marking them clear/white. For 
this assay, RPMI 8226 cells were exposed to various concentrations 
of Essiac® LHE (6.25%, 12.5%, 25%, and 50%) mixed directly into the 
cell medium. Control groups were exposed to medium alone. Using a 
6-well plate, each group consisted of 200,000 cells/well, in triplicate, in 
a total volume of 2 mL/well. Once the cells were placed into a 6-well 
plate, they were incubated overnight at 37°C with 5% CO2 to acclimate. 
The next day experimental groups received Essiac® LHE at the specified 
concentration, or additional medium alone for controls, and incubated 
for 48 hours at 37°C with 5% CO2. After the exposure period, cells were 
suspended within their wells and a 10 L sample was collected and mixed 
with 10 µL of 0.4% trypan blue, after which 10 µL of this mixture was 
applied to a slide chamber and read for cell viability and death in a 
LUNA-FL cell counter (Logos Biosystems). A total of five trials were 
conducted for this assay. 

MTT cell proliferation assay 

Cell viability and proliferation was assessed with 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) MTT 
assay [27]. For this assay we used adherent cell lines (LNCaP and MCF7), 
and non-adherent cell lines (Jurkat and CML). We added 20,000 cells/
well into a 96-well plate, in triplicate, gently rocked the plate back and 
forth, and incubated it overnight at 37°C with 5% CO2. The following 
day, groups were exposed to Essiac® LHE at test concentrations (1.5%, 
3%, 6%, 12%, 24%, and 48%) or medium alone (control), rocked gently 
to mix, and left to incubate for an additional 48 hours at 37°C with 5% 
CO2. At the end of 48 hours, the plate was centrifuged at 1000 rpm 
for five minutes. Next, old medium was discarded from each well and 
100 µL of fresh medium was added along with 10 µL of 12 mM MTT 
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(#M6494, ThermoFisher, USA) solution. The plate was then incubated 
for an additional four hours at 37°C with 5% CO2 after which it was 
centrifuged again (1000 rpms, 5 min) and 85 µL of medium was 
removed from each well. Next, 50 µL of dimethyl sulfoxide (DMSO) 
was added and mixed thoroughly in each well and incubated for an 
additional 10 min at 37°C with 5% CO2. Samples in each well were 
mixed again after the incubation period and absorbances were read 
at 540 nm with a BioTek Synergy HT plate reader (Agilent, Vermont, 
USA). A total of three trials were conducted for this assay.

CellTiter 96® AQueous assay 

Cell viability and proliferation was assessed with the CellTiter 96® 
AQueous Non-Radioactive Cell Proliferation assay (#G5421, Promega, 
USA), a more sensitive assay, as instructed by the manufacturer [28]. 
For this assay we used adherent cell lines (LNCaP and MCF7), and non-
adherent cell lines (Jurkat and CML). We added 10,000 cells/well into 
a 96-well plate, in triplicate, and then gently rocked the plate back and 
forth and incubated it overnight at 37°C with 5% CO2. The following 
day, groups were exposed to Essiac® LHE at test concentrations (1.5%, 
3%, 6%, 12%, 24%, and 48%) or medium alone (control), rocked gently 
to mix, and left to incubate for an additional 48 or 72 hours at 37°C with 
5% CO2. At the end of the 48 or 72 hour incubation, 20 µL of MTS/PMS 
solution was added to each well, mixed gently, and incubated for an 
additional 3.5 hours at 37°C with 5% CO2. At the end of the incubation 
period, the absorbances were read at 490 nm with a BioTek Synergy 
HT plate reader (Agilent, Vermont, USA). A total of four trials were 
conducted for this assay.

Caspase-Glo® 3/7 assay

Caspase activity was assessed with the Caspase-Glo® 3/7 assay 
(#G8090, Promega, USA), as instructed by the manufacturer. For this 
assay we used adherent cell lines (LNCaP and MCF7), and non-adherent 
cell lines (Jurkat and CML). We added 20,000 cells/well into a white 
96-well plate, in triplicate, and then gently rocked the plate back and 
forth and incubated it overnight at 37C with 5% CO2. The following day, 
groups were exposed to 24% Essiac® LHE or medium alone (control), 
rocked gently to mix, and then incubated at 37°C with 5% CO2 for 
another 48 hours. After the 48-hour incubation, each well received 100 
µL of Caspase-Glo® 3/7 reagent, was mixed gently, incubated in the dark 
at room temperature for one hour, and then read for luminescence on 
a Synergy HT plate reader (Agilent, Vermont, USA). Luminescence is 
proportional to the amount of caspase activity. A total of three trials 
were conducted for this assay.

RealTime-GloTM annexin V apoptosis and necrosis assay

Apoptosis and secondary necrosis were assessed with the 
RealTime-GloTM Annexin V Apoptosis and Necrosis assay (#JA1101, 
Promega, USA), as instructed by the manufacturer. This assay measures 
the exposure of phosphatidylserine (PS) on the outer bilayer of the cell 
membrane during the apoptosis process [29]. Annexin V binding to 
PS is detected by luminescence. A cell-impermeant fluorescent DNA 
dye detects necrosis when there is a loss of cell membrane integrity. 
For this assay we used adherent cell lines (LNCaP and MCF7), and 
non-adherent cell lines (Jurkat and CML). We added 20,000 cells/well 
into a white 96-well plate, in duplicate, and then gently rocked the plate 
back and forth and incubated it overnight at 37°C with 5% CO2. The 
following day, groups were exposed to 24% Essiac® LHE or medium 
alone (control), rocked gently to mix, and then each well received 2X 
Detection Solution and incubated at 37°C with 5% CO2 for another 48 
hours. During the second 48-hour incubation period, readings were 

taken as follows: every four hours for the first 24 hours, then every six 
hours for the remaining 24 hours. During each reading, fluorescence 
was read at 485 nm ex/525 nm em followed by a luminescence read on a 
Synergy HT plate reader (Agilent, Vermont, USA). A total of three trials 
were conducted for this assay.

Statistical analysis

All calculations and statistical analyses were conducted using 
GraphPad Prism9 software. A Student’s T-test with Welch’s correction 
was used to determine statistical differences between control and 
experimental groups for all assessments, except survival curves, which 
used the Log-Rank (Mantel-Cox) test. Results showing p≤0.05 were 
considered to be statistically significant. 

Results
Daily exposure to Essiac® LHE increases longevity in C. elegans 

Due to the high antioxidant components found within Essiac® (Table 
1), we first wanted to determine if daily exposure to Essiac® LHE had 
the ability to improve health in C. elegans, as assessed by their overall 
lifespan. In optimum conditions, C. elegans live for an average of 12-18 
days [22], therefore anything impacting their health will show an effect 
in their overall lifespan. As the suggested daily dosage for Essiac® LHE 
is intended for human consumption, we exposed C. elegans to various 
dosages of Essiac® LHE, starting with a full dosage exposure (100%), 
down to a 3.125% dose using a serial dilution (Figure 1). We found 
that C. elegans exposed to the full daily dosage of Essiac® LHE resulted 
in a statistically significant increase in their overall lifespan (p=0.004), 
with an improved median survival of 16 days compared to 14 days in 
the control group (Figure 1F). The mean lifespan of worms exposed 
to Essiac® LHE extended out to 23 days, five days beyond the average 
18-day lifespan. All groups started out with 100 worms, and at the 18-
day timepoint, those treated with 100% Essiac® LHE had an average 
of 26 surviving worms, compared to an average of 14 survivors in the 
control group. All other dosage groups had a median survival of 14-15 
days, comparable to their respective control groups. The results of this 
assessment suggest that daily consumption of a 100% dosage of Essiac® 
LHE by C. elegans is associated with an overall increase in their health 
and lifespan. 

Oxidative stress induced mortality is reduced with Essiac® 
LHE exposure 

As daily Essiac® LHE exposure was associated with increased 
longevity, we next wanted to determine if a short exposure could affect 
the ability of C. elegans to withstand oxidative stress. We exposed C. 
elegans to a 100% dosage of Essiac® LHE for 48 hours starting at the L4 
stage of development (one day prior to reaching adult development), 
and then challenged them with an acute concentration of juglone (a 
strong inducer of reactive oxygen species (ROS) which often leads to 
death [26]), and assessed mortality every 30 min (Figure 2). We found 
that after 90 min, those exposed to Essiac® LHE showed a decrease 
(p=0.05) in mortality compared to the control group. The ability to 
withstand death induced by ROS was maintained throughout the four-
hour challenge (p<0.05), showing that at each assessment timepoint, on 
average, the Essiac® LHE exposed group experienced 4 deaths compared 
to 7 in the control group. Each group started with 100 worms and at the 
final 240 min timepoint, the Essiac® LHE group had an average of 68 
survivors compared to 40 survivors in the control group. These findings 
indicate that the consumption of Essiac® LHE by C. elegans increases 
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Table 1. Components found with the four herbs of Essiac® LHE

their ability to respond against ROS induced death, likely due to the 
high antioxidant components of Essiac®. 

Essiac® LHE decreases both adherent and non-adherent 
cancer cell proliferation

Previous in vitro studies investigating the antiproliferative properties 
of Essiac® against cancer cell lines have been inconclusive, have used 
different variations of the Essiac® preparation, and have primarily 
focused on adherent (tumor forming) cancers. Therefore, we wanted 
to assess the antiproliferative abilities of the fully-prepared Essiac® LHE 
using two adherent cancer cell lines (MCF-7, breast cancer and LNCaP, 
prostate cancer) that were previously used in other studies, and three 
additional non-adherent leukemia cancer cell lines, two of which have 
never been tested (Jurkat, RPMI 8226, and CML, respectively).

We first conducted a proof-of-principle assessment using the B-cell 
myeloma cancer cell line, RPMI 8226. These cells were exposed to 
various concentrations of Essiac® LHE for a 48-hour period, and then 

assessed for viability by Trypan Blue exclusion (Figure 3). This initial 
assessment demonstrated that exposure as low as 6.25% Essiac® LHE 
induced a reduction in the viability of RPMI 8226 cells (p<0.001), 
showing an average of 24.3% viability compared to 72.5% viability in 
control cells. Exposures at higher concentrations demonstrated the 
same reduced viability, with the 12.5% Essiac® LHE exposure showing 
an average of 25.7% viability, 25% Essiac® LHE exposure an average of 
14.6% viability, and the 50% Essiac® LHE exposure leading to 100% cell 
death. 

As Essiac® LHE was able to reduce viability in B-cell myeloma 
cells, we next focused on two prevalent leukemias, Chronic Myeloid 
Leukemia (CML, K-562) and Acute T-cell leukemia (Jurkat), and 
the two adherent cancer cell lines that have been previously used in 
Essiac® studies, breast cancer (MCF-7) and prostate cancer (LNCaP). 
We exposed these cell lines to various concentrations of Essiac® 
LHE, with the maximum concentration (48% for 48 hours) and then 
assessed them for viability using the MTT proliferation assay (Figure 
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Figure 1. Essiac® LHE exposure corresponds to an increase in longevity of C. elegans. Starting at the L4 stage, C. elegans were exposed to Essiac® LHE at various concentrations, or OP50 
alone (control) and assessed every two days for mortality until they all died. Worms were exposed at the following Essiac® LHE dosages: (A) 3.125%, (B) 6.25%, (C) 12.5%, (D) 25%, (E) 
50%, and (F) 100%. Survival curves are representative of the average of five trials. **p<0.01

Figure 2. The ability to resist acute oxidative stress is increased with Essiac® LHE 
exposure. Starting at the L4 stage, C. elegans were exposed to a 100% dosage of Essiac® 
LHE, or OP50 alone (control) for 48 hours, and then exposed to a high dose of juglone to 
induce oxidative stress and monitored for mortality every 30 min for a four-hour period. 
The graph is representative of the average of three trials. Error bars represent that standard 
deviation of the average. *p≤0.05

Figure 3. RPMI 8226 cell viability is reduced with Essiac® LHE exposure. Cells were 
exposed to various concentrations of Essiac® LHE, or medium alone (control) for 48 
hours and then assessed for viability using Trypan Blue. The graph is representative of the 
average of three trials. Error bars represent that standard deviation of the average. **p<0.01
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4). We found that exposure to Essiac® LHE led to a reduction in cell 
proliferation of all cell lines, with the exception of Jurkat, compared 
to their control groups. Specifically, CML cells showed a reduction 
at the two highest concentrations of 24% (p=0.02) and 48% (p=0.03) 
(Figure 4A). LNCaP cells were very sensitive to Essiac® LHE exhibiting 
reduced cell proliferation at all concentrations (p<0.05) (Figure 4C). 
MCF-7 cells also appeared to be sensitive at the higher concentrations 
of 12% (p=0.05) and 24% (p=0.03), but did not seem to be affected by 
the highest exposure of 48% (p=0.2) (Figure 4D). It was also apparent 
that all groups within each cell line assessed showed high variance 
(error bars), but as the concentration of Essiac® LHE increased (with 
the exception of MCF7), the variance within each group decreased, 
signifying that the cells were being consistently affected at the higher 
concentrations. 

To confirm the reduction in cell proliferation induced by Essiac® 
LHE exposure, we repeated the experiment using a more sensitive cell 
proliferation assay, CellTiter 96®, and included an extended exposure 
period of 72 hours to determine if the antiproliferative effect was 
maintained over time. The results of these assessments revealed that 
Essiac® LHE was able to stimulate a reduction in cell proliferation 
in all four cell lines following a 48-hour exposure period, and this 
reduction was maintained at the longer 72-hour exposure period 
(Figure 5). Interestingly, while our previous MTT cell proliferation 
assay did not show any impact of Essiac® LHE upon Jurkat cells after a 
48-hour exposure (Figure 4B), the CellTiter 96® proliferation assay was 
able to reveal an effect for both exposure periods (p 0.05) (Figures 
5B and 5F). As previously seen with the MTT assay, the CellTiter 96® 
proliferation assay demonstrated a clear reduction in variability within 

Figure 4. Essiac® LHE exposure reduces cell proliferation in both adherent and non-adherent cancer cells. (A) CML, (B) Jurkat, (C) LNCaP, and (D) MCF7 cancer cells were exposed to 
various concentrations of Essiac® LHE, or medium alone (control) for 48 hours and then assessed for cell proliferation by MTT assay. Graphs represent the average of three trials. Error bars 
represent that standard deviation of the average. **p 0.05

Figure 5. Higher concentrations of Essiac® LHE exposure are associated with reduced cell proliferation in both adherent and non-adherent cancer cells. (A, E) CML, (B, F) Jurkat, (C, G) 
LNCaP, and (D, H) MCF7 were exposed to various concentrations of Essiac® LHE, or medium alone (control) for 48 hours (A-D) or 72 hours (E-H), and then assessed for cell proliferation 
using the sensitive CellTiter 96® assay. The graphs are representative of the average of four trials. Error bars represent that standard deviation of the average. *p<0.05, **p<0.01
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groups (error bars) for all cell lines as the concentration of Essiac® LHE 
increased. This reduction in response variability was associated with 
all statistical reductions in cell proliferation (p<0.05). Taken together, 
these findings infer that an exposure to 24% Essiac® LHE after a 48-
hour period is able to reduce cell proliferation of both non-adherent 
and adherent cancer cell lines.

Essiac® LHE triggers cancer cell death by mechanisms other 
than apoptosis 

Witnessing the antiproliferative effects of Essiac® LHE on various 
cancer cell lines, we next wanted to explore if the reduction in cell 
proliferation was the result of apoptotic cell death. Apoptosis, or 
intrinsic programmed cell death, is a cellular process mediated by the 
activation of a cascade of caspases (protease enzymes), leading to the 
final activation of three executioner caspases, 3, 6 and 7 [30]. Therefore, 
in order to determine if Essiac® LHE triggers apoptosis in cancer cells, 
we exposed all four cancer cell lines to 24% Essiac® LHE for 48 hours, 
and subsequently assessed them for caspase activity using the Caspase-
Glo® 3/7 assay. Surprisingly, this assessment revealed that all four cell 
lines exhibited very little to barely detectable caspase activity (p<0.05) 
when exposed to 24% Essiac® LHE compared to their non-treated 
control groups (Figure 6). 

As we did not see any caspase activity after Essiac® LHE exposure, 
suggesting that the anti-proliferative effects were not being mediated 
through intrinsic apoptosis, we confirmed these findings by performing 
an additional apoptosis assay, the RealTime-GloTM Annexin V 
Apoptosis and Necrosis Assay. This assay measures the presence 
of phosphatidylserine (PS) which moves from the inner bilayer to 
the outer bilayer of the cell membrane during the early stages of the 
apoptosis process [29]. Annexin V, which is fused to luciferase, binds 
to PS allowing for its detection through luminescence. Additionally, a 
cell-impermeant fluorescent DNA dye detects necrosis when there is 
a loss of cell membrane integrity. Together, this system allows for the 
assessment of the apoptosis process over time, with the detection of 
early apoptosis and the induction of secondary necrosis during the 
later stages of apoptosis. For this assessment, we exposed all four cell 
lines to 24% Essiac® LHE for a 48-hour period during which we took 
measurements of both luminescence and fluorescence at specific time 
intervals. Similar to what the caspase assay demonstrated, this assay 
showed that for all four cell lines, apoptosis was not being induced 
following Essiac® LHE exposure (Figure 7). Both the luminescence and 

fluorescence signals followed a similar trend over the 48-hour period, 
indicating a non-apoptotic phenotype (Figures 7B, 7D, 7F, and 7H). 
In this assay, had apoptosis been occurring there would have been a 
clear time delay between the emergence of the luminescence signal 
and a subsequent rise in the fluorescence signal; this would indicate 
early apoptosis followed by secondary necrosis typical of late-stage 
apoptosis, as seen when cells are exposed to the chemotherapeutic drug 
cisplatin (Figures 7A, 7C, 7E, and 7G)[31]. Taken together, these two 
assessments indicate that the reduction in cell proliferation of cancer 
cells exposed to Essiac® LHE is not being mediated by apoptosis. 

Discussion
Worldwide, the use of CAM continues to increase yearly. Amongst 

cancer patients, CAM is often used to increase a patients’ sense of control 
over their treatment, improve their overall health, or as a supplement 
with potential to augment their conventional therapy. In particular, the 
herbal supplement Essiac® has been a widely used CAM throughout 
Canada over the past 90 years, and has been gaining popularity 
throughout the United States and the world. Despite its popularity, to 
date, all efforts aimed at investigating the abilities of Essiac® have been 
inconsistent, leading to inconclusive evidence that supports or refutes 
its health and anticancer benefits. Hence, this study aimed to contribute 
to the body of evidence by conducting a more thorough evaluation 
of the health, antioxidant, and anti-proliferative abilities of the fully-
prepared proprietary mixture Essiac® LHE, using both in vivo and in 
vitro models. 

In this study we found that daily consumption of Essiac® LHE, at the 
manufacturer’s indicated daily dosage, led to an increase in the lifespan 
of the nematode animal model C. elegans (Figure 1F). The mean 
lifespan of worms exposed to Essiac® LHE extended out to 23 days, five 
days beyond the average 18-day lifespan. We also found that a short 
48-hour exposure to Essiac® LHE improved the ability of C. elegans to 
resist oxidative stress induced death (Figure 2). It is very likely that 
both of these results can be attributed to the high levels of antioxidant 
and anthraquinones found within the Essiac® LHE herbal mixture 
[13]. Our findings are in line with other studies that have shown the 
strong antioxidant ability of various Essiac® formulations in combating 
different forms of ROS [14-16]. While we recognize that the results 
of our work conducted in C. elegans cannot be directly extended to 
humans, this model’s 70% genetic and 87% developmental similarities 
to humans [32] has justified its extensive use in diverse research 

Figure 6. Essiac® LHE exposure is not associated with caspase activity in cancer cell lines. (A) CML, (B) Jurkat, (C) LNCaP, and (D) MCF7 cancer cells were exposed to 24% Essiac® LHE, 
or medium alone (control) for 48 hours and then assessed for caspase 3 and caspase 7 activity using the CaspaseGlo® 3/7 assay. Controls received media only. The graph is representative of 
the average of three trials. Error bars represent that standard deviation of the average. *p<0.05
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Figure 7. Reduced cancer cell viability induced by Essiac® LHE exposure is not mediated through apoptosis. (A) CML Cisplatin, (B) CML Essiac, (C) Jurkat Cisplatin, (D) Jurkat Essiac, 
(E) LNCaP Cisplatin, (F) LNCaP Essiac, (G) MCF7 Cisplatin, and (H) MCF7 Essiac. Cancer cells were exposed to 60 uM Cisplatin (positive control for apoptosis. A, C, E, and G) or 24% 
Essiac® LHE (B, D, F, and H) and assessed for the expression of phosphatidylserine (PS) over a 48-hour period using the RealTime-GloTM Annexin V Apoptosis and Necrosis assay. Annexin 
V fused with luciferase binds to PS indicating apoptosis (measured through luminescence). Loss of cell membrane integrity allows access to DNA, which can then be bound by a fluorescent 
DNA dye, used as a marker of necrosis (measured by fluorescence). The graphs are representative of the average of three trials
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endeavors spanning neurological, developmental, and toxicological 
fields [22,24,25,33,34]. Interestingly, the only reports of any harmful 
effects related to human consumption of Essiac® have been mild nausea, 
bad aftertaste, and diarrhea [10,21]. Therefore, we believe that our 
findings begin to substantiate the claims that Essiac® LHE supports 
overall health. 

Since 1923, when Rene Cassie began treating her cancer patients 
with Essiac®, there have been many testimonials reporting its antitumor 
and anticancer properties, sparking its wide CAM use in cancer 
patients, most notably those with breast cancer. As such, concerted 
efforts investigating the potential antiproliferative effects of Essiac® have 
primarily focused on adherent tumor forming cancers, predominantly 
breast and prostate cancer [17,19,20,35]. Although one study included 
other cancers such as melanoma, ovarian, liver, and lung cancer 
[15]. Additionally, there has been just one study that included two 
non-adherent cancers (leukemias) [17]. Alas, the results of these few 
studies have been conflicting. While two studies demonstrated Essiac’s® 
antiproliferative effects in multiple tumor-forming cancer cell lines 
(LNCaP, PC3, MCF7, A549, A2780, A375, HepG2), another study 
showed no anticancer effects against two prostate cancer cell lines 
(LNCaP and PC3). These contradictory results have also been shown 
within one study that found that while Essiac® was able to inhibit two 
breast cancer cell lines (MCF7, MDA-MB-468) and acute promyelocytic 
leukemia (HL60), it was not able to inhibit T cell leukemia (Jurkat). Lastly, 
one study conducted in 2006, presented completely opposite results, 
finding that Essiac® increased cell proliferation in four different breast 
cancer cell lines (MCF7, T47D, MDA-MB-436, MDA-MB-231) [19]. 

Consequently, the varied findings of the aforementioned 
studies prompted us to conduct a more thorough exploration of the 
antiproliferative abilities of Essiac® LHE upon both adherent and non-
adherent cancer cell lines: RMPI 8226, Jurkat, CML, MCF7 and LNCaP. 
Through the use of three different cell viability and proliferation assays, 
our study revealed that an in vitro 48-hour exposure to 24% Essiac® LHE 
produced a reduction in cell proliferation of all five cancer cell lines 
tested (Figures 3-5), with an antiproliferative effect that was maintained 
over a 72-hour exposure period (Figure 5). Additionally, our results 
indicate that the antiproliferative effects of Essiac® LHE are not mediated 
through the activation of apoptotic death, as demonstrated through 
the use of two different apoptosis assays. Together, our findings add 
to the body of evidence that lend support to the assertions of Essiac’s® 
antiproliferative and anticancer abilities [15,17,35]. 

Previous work that demonstrated Essiac’s® inability to inhibit cell 
proliferation in LNCaP, PC3 and Jurkat cancer cell lines used either a 
lower concentration exposure of Essiac® (10% dilution) [17], or their 
own preparation created from an extraction process [20], leading us to 
believe that these studies were simply below the concentration threshold 
needed to achieve full inhibition. Our own work demonstrates that a 
higher concentration (24%) of Essiac® LHE was necessary to produce 
consistent inhibition of LNCaP, Jurkat, and other cancer cell lines 
(Figures 3-5). 

While the results of our in vitro assessments suggest that high 
concentrations of Essiac® LHE can be used as an antiproliferative 
supplement for tumor and non-tumor forming cell lines, a 2006 study 
conducted by Kulp et. al., cautioned against using Essiac® in hormone 
sensitive cancers, specifically breast cancer (MCF7), as they found 
that at low concentrations (1% - 8%) Essiac® increased proliferation in 
both estrogen receptor (ER) positive and negative breast cancer cell 
lines and may engage the ER [19]. In contrast, our study found that 
low exposures to Essiac® LHE were associated with a high variability 
of response within cell lines across all three cell proliferation assays, 

leading to inconsistent results. Furthermore, it was only at higher 
concentrations of (24%) Essiac® LHE that corresponded to reductions 
in cell proliferation (Figures 3-5). 

Kulp et. al’s warning behind the use of Essiac® in breast cancer 
patients stems from the phytoestrogens found within the herbs of the 
Essiac® mixture; sheep sorrel and burdock root (13). Phytoestrogens, 
such as genistein and daidzein, are plant derived chemicals with 
structural similarity to mammalian estrogens, that have the ability 
to bind to ERs [36,37]. Human cells express three different types of 
estrogen receptors: ERα, ERβ, and a membrane specific G-protein 
coupled ER receptor [36]. Studies have shown that signaling through 
ERα produces the conventional cell growth and proliferation effects 
typical of growth hormone engagement, while signaling through ERβ 
has been associated with antagonistic antiproliferative effects [36,38]. 
Notably, multiple studies have shown that phytoestrogens primarily 
signal through their engagement of ERβ, and that at low concentrations 
they can engage ERα leading to proliferation, while at higher 
concentrations they preferentially bind to ERβ ultimately resulting in 
an antiproliferative response [39-41]. Moreover, the Kulp et. al. study 
did not specify which ER receptors were being targeted, and the ER 
specific inhibitor they used (ICI 182,780) in their study to confirm that 
Essiac® targets ER, has been shown to bind to ERα with high affinity, 
with little to no binding affinity for ERβ [42]. Taken together, it is clear 
that further research is warranted to determine the relationship Essiac® 
LHE may have with ER subtypes.

Conclusion
Collectively, the results of our study increase the evidence 

supporting the health and antiproliferative claims of the CAM, Essiac® 
LHE. Our findings demonstrate Essiac® LHE’s positive effects in relevant 
biological models. It has the ability to improve health and lifespan in 
C. elegans, while also inducing in vitro antiproliferative effects in both 
adherent and non-adherent cancer cell lines, potentially substantiating 
some of the purported health benefits of Essiac® LHE for humans. As 
our study also indicates that the anticancer properties of Essiac® LHE 
are not mediated through the induction of apoptosis, future studies 
should work towards elucidating the cellular mechanism through 
which it is asserting its effects by exploring alternative possible death 
pathways that are engaged upon Essiac® exposure. Likewise, it would 
be interesting to definitively uncover if Essiac® LHE can engage and 
activate specific ER subtypes, especially within various ER+ and ER- 
breast cancer cell lines. 
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