
American Journal of Undergraduate Research 

 Volume 14 | Issue 2 | June 2017  5

Blackseed (Nigella sativa) Oil and its Active Ingredient, 
Thymoquinone, Suppress the Aggressive Phenotype of Breast Cancer 
Cells 
 
Sabrina Chaudhry, Safia Siddiqui, Tyrnnon K. Steffen, Stacey L. Raimondi* 
 
Department of Biology, Elmhurst College 
 
Students: sabrina.chaudhry@365.elmhurst.edu, safia.siddiqui@365.elmhurst.edu, tyrnnon.k.steffen@365.elmhurst.edu  
Mentor: *raimondis@elmhurst.edu 
 
ABSTRACT 
Breast cancer is a leading cause of cancer deaths in women within the United States. However, current treatment methods for 
the disease present deleterious side effects themselves. Therefore, there is a move towards finding natural cures in order to 
mitigate negative side effects while still providing effective treatment for the cancer. Blackseed (Nigella sativa) oil is one 
particular natural remedy, alongside its active ingredient thymoquinone (TQ), which has been successfully tested for 
suppressing certain types of breast cancer cell proliferation. TQ itself has been seen to be capable of preventing proliferation 
of both non-aggressive MCF-7 and highly aggressive MDA-MB-231 cancer cells. However, studies which looked at the 
effects of TQ on MCF-7 cells alone were limiting in their use of high concentrations of the chemical without emphasis on 
finding a minimum effective dosage. Additionally, a second study which tested the effects of TQ on both MCF-7 and MDA-
MB-231 cell lines conducted the experiments in the presence of a lipid-carrier molecule. This, in turn, may have served as a 
confounding variable in the results. Therefore, it was hypothesized that a minimal effective dosage for both blackseed oil and 
TQ could be determined, where a significantly greater suppression of MDA-MB-231, in comparison to MCF-7, cell 
proliferation would be observed. Cell proliferation, cell adhesion, and soft agar assays were used to test the hypothesis of this 
study. The minimum effective dosage for each substance, characterized by proliferation of the non-aggressive MCF-7 cells to 
some extent and suppression of the aggressive MDA-MB-231 cells, were determined to be 0.5 μL for blackseed oil and 1.0 
μM for TQ. Additionally, TQ’s effectiveness was noted to be more time-dependent than blackseed oil. This study supports 
the use of minimal effective doses for blackseed oil or TQ to naturally treat breast cancer while preventing damage to non-
aggressive cells. 
 
KEYWORDS 
Breast cancer; Blackseed oil; Nigella sativa; Thymoquinone; Effective dose; Natural remedies 

 
INTRODUCTION 
Breast cancer currently stands as a leading cause of cancer-related death in women within the United States, second only to 
lung cancer, and has been estimated to cause 40,890 deaths in the year 2016. In addition, an estimated 249,260 new breast 
cancer cases are expected to be seen this year.1 Aside from skin cancers, breast cancer is also the leading form of cancer in US 
women, responsible for approximately 30% of all new cancer diagnoses.2 Two forms of breast cancer exist, based on 
differences in tumor location: invasive and non-invasive. Non-invasive forms of breast cancer are characterized by abnormal 
cell growth that does not extend beyond the originating layer of cells.  Invasive breast cancer cells, however, are those that 
proliferate beyond the walls of glands or ducts in which they originate, and subsequently invade nearby breast tissue.2 In the 
case of non-invasive breast cancers, the 5-year survival rate for females reaches as high as 99%, whereas that for invasive 
cancers that have infiltrated distant tissues of the body is as low as 26%.2 These statistics speak to the importance of all 
attempts to find a cure to breast cancer in general, but more pressingly, to find a means of suppressing aggressive breast 
cancer cell growth.  
 
Recent studies have found numerous negative side-effects associated with common chemotherapeutic agents used in treating 
breast cancer. These include such effects as ototoxicity, cardiotoxicity, infertility, premature menopause, osteoporosis, and 
other similarly deleterious ailments.3,4 As recent studies expound upon the many negative side effects of current drugs used in 
treating breast cancer, a shift toward more natural remedies for cancer treatment has been seen. One natural remedy that has 
recently been making a comeback in the field of medicine for treating various cancers is Nigella sativa oil, also known as 
blackseed or black cumin seed oil. Having been used mostly in areas of the Asian continent for decades, blackseed oil has 
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been hailed for its position as a medical cure-all.5 
 
In recent research, blackseed oil has been seen to suppress cancer cell proliferation and/or viability in a number of cancers, 
including cancer of the colon, lungs, pancreas and several other cancers.6–9 Thymoquinone (TQ) has been noted to be the 
major chemical component of blackseed oil, with thymol, dithymoquinone, and various tocopherols accounting for the other 
major chemical components of the oil.10 In particular, TQ is known to have important antioxidant and antimicrobial 
properties that are thought to contribute to the many health benefits of blackseed oil.5 Intriguingly, TQ alone has even been 
seen to display cancer-fighting ability against cancers of the larynx, colorectal area, brain, breast, oral lining, blood, and a 
number of other cancers.9,11–17 In the study testing the effects of TQ on the non-aggressive MCF-7 breast cancer line, 
however, it was noted that very high concentrations of TQ were used as treatments (ranging from 0 to 80 μM, at 10 μM 
increments).14 This leads to a lack of knowledge regarding minimal effective dosage of the chemical.  In another study using 
breast cancer cell lines, while both the non-aggressive MCF-7 and highly aggressive MDA-MB-231 cells were tested, these 
tests were run with the presence of a lipid carrier molecule, which may have affected the results of a study carried out without 
said component.15 
 
Given that very high doses of TQ are capable of causing death of even non-aggressive MCF-7 cells, while the effects of TQ 
on MDA-MB-231 cells has not, to our knowledge, been tested in the absence of a lipid carrier molecule, it would prove 
valuable to find the lowest effective doses of TQ and blackseed oil capable of preventing MDA-MB-231 cell proliferation 
while exhibiting a lesser effect on non-aggressive MCF-7 cells.14 Thus, this study will serve to provide data regarding the 
potential effects of blackseed oil and its active ingredient, TQ, on both MCF-7 and MDA-MB-231 breast cancer cells. 
Considering the previous literature, it is hypothesized that both blackseed oil and TQ will suppress the growth of both MCF-
7 and MDA-MB-231 breast cancer cells at high doses, whereas a low dose of each compound will preferentially suppress 
growth of the aggressive MDA-MB-231 cell line compared to the non-aggressive MCF-7 cell line. 
 
MATERIALS AND METHODS 
Cells and culture conditions 
MCF-7 and MDA-MB-231 breast cancer cell lines were obtained from ATCC. These cell lines were chosen because they are 
some of the most commonly used breast cancer cell lines available and were used in previous research so that we can 
compare our results to others.  Furthermore, they show two different sides of breast cancer – a non-aggressive/non-invasive 
cell line, MCF-7, which maintains virtually all of the characteristics of normal breast epithelia with regard to hormone 
receptor status, cell morphology, and growth patterns compared to an invasive/metastatic cell line, MDA-MB-231, that has 
lost its epithelial cell patterns including hormone receptor status, cell morphology, and growth patterns.  All cells were 
cultured at 37°C and 5% CO2 in complete media containing RPMI 1640 (Life Technologies, Grand Island, NY), 10% FBS 
(Life Technologies), and 1% Penicillin-Streptomycin (Sigma-Aldrich, St. Louis, MO). Blackseed oil was obtained 
commercially and directly added to cell cultures in the amounts indicated. Thymoquinone (Sigma-Aldrich) was diluted in 
DMSO (Sigma-Aldrich) to create a 1 mM stock solution and added to cell cultures in the concentrations indicated. In order 
to determine minimal effective doses of blackseed oil and TQ to be utilized in the following assays, previous research was 
used to determine a suitable range for study.7-9, 11, 12, 14-17 Following this, comparative dose-response experiments for each 
solution were run to find respective minimal effective concentrations. These were defined by the two lowest solution 
concentrations at which a majority of cancer cell death was observed, without completely eliminating all cells. For blackseed 
oil, these values were at 0.5 μL or 1.0 μL of blackseed oil, while for TQ the values were found to be 1.0 μM or 5.0 μM of 
thymoquinone. 
 
In vitro cell proliferation assay  
Cells were plated in a 6-well dish at a density of 1×105 cells, in 2 mL of media, per well. All cells were counted and re-plated 
twice a week for one week. Treatment groups were given 0.5 μL (0.5 μL/2 mL) or 1.0 μL (1.0 μL/2 mL) of blackseed oil, or 
1.0 μM or 5.0 μM of thymoquinone with little to no separation out of the solutions from the media. A control without 
DMSO (data not shown) and with DMSO, using an equal amount of pure DMSO as used to prepare the 1 mM stock 
solution, were run as well. All controls worked as expected with no difference in growth between the untreated and DMSO-
only controls.  Experiments were done in triplicate. 
 
In vitro cell adhesion assay  
To measure cell adhesion, 1×105 cells were plated, in 2 mL of media, in each well of a 6-well dish and allowed to adhere for 
30 minutes following treatment with blackseed oil or thymoquinone. Treatment groups were given either 0.5 or 1.0 μL of 
blackseed oil, or 1.0 or 5.0 μM of thymoquinone with little to no separation out of the solutions from the media. Cells were 
subsequently washed with PBS and counted to determine adhesive ability. A control without DMSO (data not shown) and 
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with DMSO, using an equal amount of pure DMSO as used to prepare the 1 mM stock solution, were run as well. As stated 
above, the controls worked as expected with no difference between DMSO alone and an untreated control.  Experiments 
were done in triplicate. 
 
Soft agar assays  
Soft agar assays were performed, as previously described, to measure anchorage-independent growth using 1×105 cells in 3 
mL of media for each treatment.18 Treatment groups were given 0.5 or 1.0 μL of blackseed oil, or 1.0 or 5.0 μM of 
thymoquinone with little to no separation out of the solutions from the media. A DMSO-only control was also utilized 
following the concentrations used in previous experiments (see above).  Experiments were done in triplicate. 
 
RESULTS 
Blackseed oil and thymoquinone decrease cell proliferation in aggressive breast cancer cells 
In order to determine the minimal effective doses of blackseed oil and TQ to allow suppression of aggressive cell growth, 
with minimal negative effects on non-aggressive cell growth, a range of concentrations of blackseed oil and TQ used in 
previous experiments was utilized on MCF-7 and MDA-MB-231 cells (data not shown).7-9,11,12,14-17  Within this range, the 
minimal effective dose of each compound was determined to be 0.5 μL and 1.0 μL of blackseed oil and 1.0 μM and 5.0 μM 
of thymoquinone. In order to determine the effects of these minimal effective doses of blackseed oil and thymoquinone on 
the cell growth of MCF-7 and MDA-MB-231 breast cancer cell lines, cell proliferation was measured. Cells were allowed to 
proliferate for a week and counted on the third and seventh day. When grown in the presence of 0.5 and 1.0 μL of blackseed 
oil, there was no significant difference seen between the MCF-7 control and treatment groups (Figure 1A). However, there 
were significant differences found between the MDA-MB-231 control, 0.5 μL, and 1.0 μL treatment groups for blackseed oil 
(Figure 1B). MCF-7 cells treated with 0.5 and 1.0 μM of TQ also displayed no significant differences from the control 
(Figure 1C).  MDA-MB-231 cells treated with 5.0 μM TQ exhibited significant differences when compared to the control 
group, but 1.0 μM TQ showed no significant differences (Figure 1D).  In general, MDA-MB-231 cells were affected more 
greatly than MCF-7 cells by treatment with blackseed oil and thymoquinone.  
 

A  B  

C  D  
Figure 1. Cell proliferation of MCF-7 (A, C) and MDA-MB-231 (B, D) cell lines in presence of blackseed oil (A-B) and thymoquinone.(C-D) * represents 
statistical significance p<0.05 and ** represents statistical significance p<0.01 compared to control. 
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Blackseed oil and thymoquinone do not affect cell adhesion 
More aggressive cell phenotypes are more motile and it is easier for these cells to make and break strong cell adhesions. To 
test the adhesion abilities of MCF-7 and MDA-MB-231 cells when treated with blackseed oil and thymoquinone, an adhesion 
assay was run for 30 minutes with and without treatments. Treatment groups for both blackseed oil and thymoquinone 
showed no significant differences compared to the control groups, indicating that these solutions had no effect on the 
adhesion ability of MCF-7 and MDA-MB-231 cells (Figure 2A, 2B). 
 

A B  
Figure 2. Cell adhesion assay of (A) MCF-7 and (B) MDA-MB-231 cell lines in presence of blackseed oil and thymoquinone. 
 
Blackseed oil and thymoquinone cause decreased growth in soft agar 
To test the ability of MCF-7 and MDA-MB-231 cells to grow in an anchorage-independent manner, a common sign of tumor 
progression in cancer cells, a soft agar assay was done in the presence of blackseed oil and thymoquinone.  Both MCF-7 and 
MDA-MB-231 cells demonstrated significantly lower growth in soft agar with treatment of blackseed oil and thymoquinone 
compared to the control (Figure 3). Furthermore, growth of aggressive MDA-MB-231 cells was significantly inhibited 
compared to non-aggressive MCF-7 cells in the presence of thymoquinone. This indicates that treatment with blackseed oil 
and thymoquinone decreases the aggressive phenotype of MCF-7 and MDA-MB-231 and that invasive/metastatic MDA-
MB-231 cells are more susceptible to thymoquinone than their non-aggressive counterparts. 
 

 
Figure 3. Percent cell growth in soft agar for MCF-7 and MDA-MB-231 cell lines in presence of blackseed oil and thymoquinone.** indicates p<0.001 
compared to control.  P=0.037 (shown on graph) indicates colony growth of MDA-MB-231 compared to MCF-7. 
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DISCUSSION 
Given the unfavorable prognosis of individuals diagnosed with breast cancer—with the 5-year survival rate for females 
diagnosed with invasive breast cancer found to be as low as 26%—it is imperative to find a novel therapeutic method.2 

Therefore, the data presented in this paper demonstrate the effectiveness of blackseed oil and its active 
ingredient, thymoquinone, on limiting the aggressive phenotype of breast cancer cells. Although some of the results 
presented here do not reach significance, as noted in the above section, the general trends observed in the results of this 
study do provide valuable information regarding the effects of blackseed oil and TQ on both non-aggressive MCF-7 and 
aggressive MDA-MB-231 breast cancer cells. 
  
In Figure 1, cell proliferation assay results are seen for both MCF-7 and MDA-MB-231 cell lines in the presence of varying 
concentrations of blackseed oil or TQ. Overall, the results shown in this figure are all in agreement with previous works 
exhibiting the effectiveness of blackseed oil and/or its active ingredient, TQ, in suppressing growth of a variety of cancerous 
cells—including cancerous cells of the colon, lungs, pancreas, and other cancers.6–9 An analysis of key points of the figure 
proved to be quite interesting in this study.  In Figure 1A, a general trend was seen where growth of MCF-7 cells treated 
with blackseed oil was generally greater than that of the control cells, which instead seemed to be dying. This trend was seen 
to be more prominent at the higher concentration of the oil (1.0 μL), as compared to the lower concentration (0.5 μL), while 
control cells showed the highest death rate overall (Figure 1A). This is an interesting observation, as it would suggest that 
these particular, low doses of blackseed oil may actually aid in the growth of non-aggressive cell types, as MCF-7 are intended 
to model in this work. In Figure 1B, however, a completely different set of results was exhibited, where the effect 
of varying concentrations of blackseed oil on aggressive MDA-MB-231 cells was noted. Here, it was seen that the presence 
of blackseed oil inhibited MDA-MB-231 cell growth at both 0.5 and 1.0 μL concentrations, while the control cells instead 
displayed increased growth in the first three days. 
 
The fact that the MCF-7 cells showed increased growth in the presence of blackseed oil (Figure 1A), while the more 
aggressive MDA-MB-231 cells instead displayed significant reductions in cells (Figure 1B), proves to be quite interesting. 
This phenomenon suggests that low doses of blackseed oil may work to not only suppress the growth of aggressive cancer 
cells, as noted both in this study and a plethora of previous studies, but also to support the growth of non-aggressive cells in 
the body. 6–9 Because one of the major issues seen with current forms of breast cancer therapy include the unnecessary death 
of normal cells of the body—leading to such negative side effects as ototoxicity, cardiotoxicity, infertility, premature 
menopause, osteoporosis, and other effects—treatment with blackseed oil would seem to be an ideal solution to this issue, 
where only aggressive cells seem to be negatively affected, while non-aggressive cells are positively affected.3,4 These results 
give credence to the notion that the clinical use of blackseed oil for cancer treatment may not only work for targeted killing 
of aggressive cancerous cells, but also for aiding in the growth of non-aggressive cells in the body. Additionally, the results 
present a dichotomy between the effects of blackseed oil and TQ on estrogen receptor-positive MCF-7 cells versus estrogen 
receptor-negative MDA-MB-231 cells.19 As the presence of these chemicals seemed to have a positive effect on non-
aggressive growth of MCF-7 cells at these concentrations, while inhibiting growth of aggressive MDA-MB-231, this may 
suggest that the mechanisms of action of blackseed oil and TQ are estrogen receptor-dependent. Future studies in which 
mechanistic actions of these solutions are studied, specifically in relation to the estrogen receptor, would help clarify why this 
phenomenon was observed, and whether or not the estrogen receptor and subsequent pathways are involved.

Previous literature focusing on the active ingredient of blackseed oil, TQ, has also been noted to have shown the 
effectiveness of the substance in fighting cancers of the larynx, colorectal area, brain, breasts, oral lining, blood, and a number 
of other cancers.9,11–17 However, research done on breast cancer cells was limited in the usefulness of its results by either use 
of excessively high concentrations of TQ on only a single form of breast cancer cells, as seen in one study, or the use of a 
lipid carrier molecule alongside TQ in another study, which may have affected the results. 14, 15 In order to find a minimal 
effective dosage of TQ in preventing the growth of aggressive breast cancer cells, as done with blackseed oil as seen above, 
without the interference of a lipid carrier molecule, this study utilized lower concentrations of TQ on both cell types. Figure 
1C displays the growth of the MCF-7 cell lines treated with 1.0 μM and 5.0 μM thymoquinone over the span of a week. A 
general trend of increased cell growth for the treated groups, in comparison to the control, was observed from day three to 
day seven of the experiment, although decreased cell growth was observed in the 5.0 μM group from day zero to day three. 
Nevertheless, the results of this figure again support the notion that even the active ingredient 
of blackseed oil, thymoquinone, seems to help support cell growth of non-aggressive cell lines, while preventing growth of 
the aggressive cell line. 
 
Figure 1D displayed cell growth of MDA-MB-231 cells treated with TQ over the span of seven days. Here, it can be 
observed from the growth of the MDA-MB-231 cells treated with 5.0 μM TQ that cell proliferation was significantly 
decreased at day three, compared to the control cells (Figure 1D).  However, this figure suggested that the lower 
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concentration of TQ did not decrease cell growth quite as significantly as the 5.0 μM concentration. These results would 
support the use of 5.0 μM TQ as a better dosage for destroying aggressive breast cancer cells, although this concentration 
was also noted to have slightly less positive effects on non-aggressive cells than the lesser, 1.0 μM dosage, as described 
above. 
   
The second part of this experiment tested for the effects of blackseed oil and TQ on adhesion of MCF-7 and MDA-MB-231 
cells. As mentioned earlier, more aggressive phenotypes are capable of making and breaking strong cell adhesions. Thus, 
given the effectiveness of blackseed oil and TQ on decreasing cell proliferation of the aggressive MDA-MB-231 cells, while 
encouraging the growth of non-aggressive MCF-7 cells, it was expected that effects on cell adhesion would also be seen. The 
adhesion assay for MCF-7 cells treated with 0.5 μL of blackseed oil and 1.0 μM of thymoquinone exhibited no significant 
differences in comparison to each other or the control (Figure 2A). The adhesion assay for MDA-MB-231 cells treated with 
0.5 μL of blackseed oil and 1.0 μM of thymoquinone revealed no significant differences from the control, either (Figure 2B). 
While this was the case, it was seen that blackseed oil generally seemed to decrease the adhesion of MCF-7 cells, while 
increasing the adhesion of MDA-MB-231 cells, and TQ tended to have the exact opposite effects. These preliminary data 
indicate that the mechanism for action of blackseed oil and TQ is not by regulating adhesion formation in cells.  While many 
studies have shown the effect of blackseed oil and TQ on cell proliferation6-9, none have provided a viable mechanism of 
action in cells.  Therefore, these results, along with previous published data, support the need for further experimentation 
with greater sample size to determine the mechanism of action of TQ and blackseed oil.  
  
Finally, a soft agar assay was run in order to test each cell line’s ability to grow in an anchorage-independent manner upon 
treatment with 0.5 μL of blackseed oil and 1.0 μM of thymoquinone. In Figure 3, it was shown that treatment with 
both blackseed oil and thymoquinone exhibited a significant decrease in anchorage-independent growth of both the MCF-7 
and MDA-MB-231 cells, as indicated by the results of the soft agar assay.  These results correlate with the data observed in 
Figure 1 and indicate that blackseed oil and TQ appear to regulate a step in tumor progression to a more aggressive state.  
However, the precise mechanism is still unknown.  Additionally, TQ induced a significant decrease in anchorage-independent 
cell growth of the MDA-MB-231 cells in comparison to the non-aggressive, MCF-7, breast cancer cells, supporting the idea 
that aggressive breast cancer cells are more susceptible to TQ than non-aggressive cells.  These results are especially 
intriguing because all prior studies utilizing breast cancer cell lines were performed with such high dosages that no difference 
was observed between aggressive and non-aggressive cancer cell lines.14 The results presented here are the first, to our 
knowledge, to indicate that aggressive cells may be more susceptible to TQ than non-aggressive cells which could have 
important clinical ramifications.   
 
Although some of the results presented here did not reach significance, the general trends depicted certainly suggest the 
effectiveness of each substance tested – blackseed oil and its active ingredient TQ – at suppressing the growth of aggressive 
MDA-MB-231 cells, while possibly even supporting the growth of non-aggressive cells treated with the same substances. 
These data reinforce the results of previous works showing the effectiveness of blackseed oil and/or TQ at suppressing 
cancerous cell growth. 6–9, 11-17 Moreover, the current tests also supported the use of as low a clinically effective dose 
of blackseed oil as 0.5 μL, although the 1.0 μL dose seemed to show better results and even earlier significance at killing 
aggressive breast cancer cells, while still supporting non-aggressive cell growth. The experiments also support the use of as 
little as a 5.0 μM dosage of TQ, at which point aggressive breast cancer cell growth was again suppressed, while non-
aggressive cell growth was supported. These points are especially important to make, as previous literature has been seen to 
have shown the death of both non-aggressive and aggressive breast cancer cell lines in the presence of TQ.14 However, the 
experiments conducted in those cases utilized extremely high dosages of TQ – even as high as 80 μM – and thus did not 
provide information on the minimal dosage of TQ or blackseed oil that would be effective at suppressing aggressive cancer 
cell growth, while supporting the growth of non-aggressive cells. The data presented here do provide such suggested dosages, 
as mentioned above, and the effectiveness of the lower dosages is more clinically relevant. Interestingly, it was noted in the 
course of this study that thymoquinone generally took more time than blackseed oil to induce changes in proliferation. This 
may have indicated the presence of some other compound in the blackseed oil, aside from TQ, that would support the 
effects described here. This may be a point to note for further study.  
 
CONCLUSIONS 
Taken together, the data indicate the potential of blackseed oil and its active ingredient, thymoquinone, to combat breast 
cancer by limiting cancer progression to a less aggressive phenotype through decreased cell proliferation and anchorage-
independent growth. This study is the first to provide a clinically relevant, minimal effective dosage of blackseed oil and 
thymoquinone. Further studies to elucidate the mechanism by which blackseed oil and TQ function in breast cancer cells 
may lead to novel treatments in the future. 
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PRESS SUMMARY 
Breast cancer remains as the second leading cause of cancer deaths in women within the United States with limited treatment 
options that exhibit a variety of harmful side effects. Blackseed oil and its active ingredient, thymoquinone, are natural 
remedies that have recently demonstrated their effectiveness in limiting proliferation of breast cancer cells. However, 
previous studies have only exhibited this phenomenon at compound concentration levels that are too high to be clinically 
relevant. This study illustrates the effectiveness of low concentrations of blackseed oil and thymoquinone on limiting the 
aggressive phenotype of breast cancer cells through the suppression of cell proliferation and anchorage-independent growth. 
 


