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Detection of Estrogenic, Antiestrogenic, and Drug Synergistic 
Activities of Seven Commercially Available Fruits by In Vitro 
Reporter Assays
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ABSTRACT
Background: Fruits are known to possess antiosteoporotic and anticancer 
properties in part due to their estrogenic and antiestrogenic activities. 
Objective: In this study, estrogenic, antiestrogenic, and drug synergistic 
activities of seven commercially available fruits were evaluated. 
Materials and Methods: A  steroid‑regulated transcription system in 
Saccharomyces cerevisiae containing a human estrogen receptor alpha 
expression plasmid, and a β‑galactosidase gene reporter plasmid was 
employed for the estrogenic, antiestrogenic, and drug agonistic studies. 
Results: California table grape extract showed the highest estrogenic 
activity. The estrogenic activities of other extracts ranked as follows: 
blackberry, red raspberry, strawberry  >  blueberry  >  jackfruit, black 
raspberry. The transcriptional activities of the combination estradiol‑fruit 
extracts  (FEs)  (400E equivalents) ranked as follows: blueberry  (95.9%), 
blackberry  (86.2%), black raspberry  (88.9%), and California table 
grape  (81.5%) > jackfruit  (72.2%), and red raspberry  (73.2%) > 
strawberry (60.7%). Black and red raspberry extracts showed the highest 
synergistic activities with 4‑hydroxytamoxifen  (4‑OHT). Black and red 
raspberry extracts in combination with 4‑OHT lowered the estradiol 
activity by 74.9% and 73.9%, respectively. The highest synergistic activity 
with nafoxidine  (NAF) was displayed by red raspberry extract. Together, 
NAF and red raspberry extract lowered estradiol activity by 77.9%. Fold 
changes were calculated for drug synergistic activities of FEs, and they 
ranged from 1.3 to 15.3 for 4‑OHT and 1.5–17.4 for NAF, respectively. 
Conclusions: The active compounds in the FEs studied may be useful in 
enhancing the antiestrogen activities of chemotherapy drugs and be used 
as chemopreventive agents for patients at high risk of estrogen‑induced 
cancers.
Key words: 4‑hydroxytamoxifen, antiestrogenic, drug synergism, 
estrogenic, nafoxidine, steroid‑regulated yeast system

SUMMARY
•  California table grape extract showed the highest estrogenic activity in 

a steroid‑regulated transcription system in Saccharomyces cerevisiae 
containing a human estrogen receptor alpha expression plasmid and a 
β‑galactosidase gene reporter plasmid. Strawberry extract showed the 
highest antiestrogenic activity

•  Black and red raspberry extracts showed the highest synergistic activities 

with 4‑hydroxytamoxifen. The highest synergistic activity with nafoxidine was 
displayed by red raspberry extract

•  The active compounds in the fruit extracts studied may be useful in 
enhancing the antiestrogen activities of chemotherapy drugs and be used as 
chemopreventive agents for patients at high risk of estrogen‑induced cancers.

Abbreviations Used: 4 OHT: 4 hydroxytamoxifen, Abs: Absorbance, CAA-
glucose medium: Casamino acid glucose medium, E: Estrogen/Estradiol, 
ER: Estrogen receptor, ERα: Estrogen receptor alpha, FE: Fruit extract, 
LBD: Ligand binding domain, MU: Miller Unit, NAF: Nafoxidine, RQC: 
Resveratrol, quercetin, and catechin.
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INTRODUCTION
Estrogens play important roles not only in the development and function 
of gonadal organs but also in the functions of extragonadal tissues such 
as the bone, brain, heart, liver, and muscles.[1] Long‑term exposure to 
estrogen is associated with an increased risk of breast cancer,[2] whereas 
estrogen deficiency leads to the development of cardiovascular disease, 
osteoporosis, and obesity during menopausal.[3‑5]

Estrogen controls expression of target genes through the classical 
estrogen nuclear receptors  (ER), as well as by nongenomic signaling 
mechanisms through plasma membrane estrogen receptors and 
intracellular transmembrane G‑protein‑coupled receptors, thus 
contributing to normal estrogen physiology as well as pathophysiology.[6,7] 
Nearly 70% of breast cancers are known to express ER, progesterone 

receptor, and/or estrogen‑responsive genes.[8] Therefore, targeting 
ERs using antiestrogens has become important therapeutic treatment 
for cancer patients.[9] Antiestrogenic compounds are those capable of 
inhibiting estrogenic responses by competing with estradiol for the 
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ligand‑binding domain  (LBD) of the ER and/or favoring interactions 
with corepressor complexes.[10] Some of known antiestrogens are 
tamoxifen, nafoxidine (NAF), chlorinated estrogens, and the pesticides 
chlorfluazuron, imazalil, and chlorfenapyr.[11‑13] Tamoxifen is a 
triphenylethylene derivative classified as a selective estrogen receptor 
modulator as it acts as an agonist in the uterus and as an antagonist in 
the breast tissues.[9] Tamoxifen is commonly used as a chemotherapeutic 
agent in treating ER‑positive breast cancer since it competes with 
estradiol for binding to the LBD of ER.[9]

NAF, a derivative of tamoxifen, is a nonsteroidal antiestrogenic drug, 
which had been developed for the treatment of advanced breast cancer. 
In their review, Legha et  al. indicated that the cumulative data for all 
published clinical trials of NAF treatments of breast cancer showed a 
positive response of 31%, concluding that it was as satisfactory as any of 
the hormonal therapies.[14] However, NAF toxicity (mostly dermatologic 
but others as well) limited its practical usefulness.[14] It has been reported 
that demethylation of NAF resulted in the formation of lasofoxifene for 
treatment of osteoporosis showing high affinity for the ER and rapid 
Phase II metabolism followed by increased rate of excretion.[15] In the 
future, it could be possible that chemical modifications of NAF will 
reduce its side effects to be used as a potent antiestrogenic drug.
Berry phytochemicals are known to possess health enhancing 
properties as antioxidant, anti‑cancer, anti‑inflammatory, and 
antimicrobial agents.[16‑18] It has been shown that fruit intake reduced 
the rate of bone fracture and increased bone mineral density.[19,20] In a 
previous study, we evaluated the polyphenolic contents and in  vitro 
antioxidant activities of the seven commercially available fruits: 
blueberry  (Vaccinium corymbosum, Ericaceae); jackfruit  (Artocarpus 
heterophyllus, Moraceae); blackberry  (Rubus fruticosus, Rosaceae); 
black raspberry  (Rubus occidentalis, Rosaceae); red raspberry  (Rubus 
idaeus, Rosaceae); strawberry  (Fragaria ananassa, Rosaceae); and 
California grape (Vitis californica, Vitaceae).[21] In the current study, the 
estrogenic, antiestrogenic, and drug synergistic activities of the seven 
fruit extracts were assessed. Secondary metabolites in FEs may be useful 
for the treatment or prevention of osteoporosis, menopausal symptoms, 
and breast cancer. To the best of our knowledge, this is the first report 
of estrogenic, antiestrogenic, and drug synergistic activities of the seven 
fruits extracts by employing an estrogen‑regulated transcription system.

MATERIALS AND METHODS
Chemicals
Ortho‑nitrophenyl‑β‑galactoside, 17β‑estradiol, sodium phosphate 
dibasic heptahydrate (Na2HPO4 × 7H2O), sodium phosphate monobasic, 
monohydrate  (NaH2PO4  ×  H2O), potassium chloride, magnesium 
sulfate (MgSO4 × 7H2O), D‑(+)‑glucose, 2‑mercaptoethanol (C2H6OS), 
and 200‑proof ethyl alcohol  (CH3CH2OH) were purchased from 
Sigma‑Aldrich (St. Louis, MO, USA). Yeast nitrogen base was from the 
United States Biological (Salem, MA, USA). Casamino acids were from 
BD Difco (San Jose, CA, USA). Adenine sulfate (C5H5N5O5H2SO4) was 
from Acros Organics (NJ, USA).

Preparation of fruit extracts
FEs were prepared according to the method of Basu and Maier.[21] FEs 
are listed in the results tables [Tables 1-4], according to the alphabetical 
order of their respective plant families.

Estrogenic and antiestrogenic assays
The estrogenic and antiestrogenic assays were performed according to 
the method of Maier et al., 1995.[22] A steroid‑regulated Saccharomyces 
cerevisiae system (BJ3505 [MAT a, pep4:His 3, prbl‑D1.6R, his3‑D200, 

lys2‑801, trpl‑D101  [gal3], ura3‑52  [gal2], can1]) containing a human 
estrogen receptor alpha (ERα) expression plasmid and a β‑galactosidase 
gene reporter plasmid was used to determine the estrogenic, 
antiestrogenic, and drug synergistic activities of FEs. Yeast cultures were 
grown in a casamino acid‑glucose medium (CAA‑glucose medium – 20% 
glucose, 10% YNB, and 5% adenine sulfate) at 230 rpm, 30°C, overnight 
in an incubator‑shaker. The estrogen  (E) equivalents of each FE were 
estimated based on a 17β‑estradiol  (E) standard curve. The cultures 
were inoculated with 100 µg, 200 µg, 300 µg, or 400 µg E equivalents 
of FEs. Cultures inoculated with 2 µg estradiol or with 2 µg genistein 
were used as positive controls and yeast cultures without any treatment 
were used as negative controls for all experiments. For antiestrogenic 
assays, cultures were inoculated with 2 µg estradiol and 100 µg, 200 µg, 
300 µg, or 400 µg E equivalents of FEs. The antiestrogenic activities of 
the FEs translate in the reduction of transcriptional activity induced by 
estradiol in the steroid‑regulated yeast system. All cultures were allowed 
to grow in the incubator‑shaker for 6 h. After 6 h, the cells were disrupted 
with glass beads (0.5 mm dia; BioSpec Products, Inc.,) and the protein 
concentrations in supernatants were estimated spectrophotometrically.
Estrogenic activity was calculated according to the following equations 
and expressed in Miller Units (MU):
Equation 1: MU =  (Abs. at 420 nm)/(Protein concentration  [g] × 
Time [min]) × 1000 and expressed in MU.
Abs = Absorbance
The transcriptional activity induced by the combination E‑FEs was 
expressed as percentage of estradiol activity using the equation:
Equation 2: Activity of E + FE (MU)/E activity (MU) × 100

Drug synergistic assays
For drug synergistic assays, cultures were inoculated with different 
combinations of estradiol, drugs, and FEs as follows: E  (2  µg) + FE 
(100–400E Equiv.) + 4‑hydroxytamoxifen or NAF  (4‑OHT)  (2  µg). 
Positive control cultures were inoculated with E (2 µg), 4‑OHT (2 µg), or 
NAF (2 µg) by themselves and E (2 µg) + drug (2 µg) combinations. The 
drug synergistic activities of FEs were determined based on the following 
calculations:
•	 Equation 3a: % Decrease of E activity by FE or drug (4‑OHT or NAF) 

= 100 – (FE/drug + E activity [MU]/E activity [MU] × 100)
•	 Equation 3b: % Decrease of E activity by drug + FE = 100 – (Activity of 

E + FE + 4‑OHT/NAF [MU]/Activity of estradiol [MU] × 100)
•	 Equation 3c: Fold change by FE = % Decrease of E activity by 4‑OHT 

or NAF + FE/% Decrease of E activity by FE
•	 Equation 3d: Fold change by drug (4‑OHT or NAF) = % Decrease of 

E activity by 4‑OHT or NAF + FE/% Decrease of E activity by drug.

Statistical analysis
Each experiment with two replicates each was repeated three times and 
means and standard deviations were calculated. One‑way ANOVA was 
performed, and significance of differences among means was determined 
with Tukey’s test (*P ≤ 0.05) using GraphPad Prism 6. Pearson correlation 
was performed between the antiestrogenic and drug synergistic activities 
of FEs at 400E equivalents.

RESULTS
Estrogenic activities of fruit extracts and drugs
Compared to estradiol and genistein activities, all FEs showed 
low‑to‑medium estrogenic activities in the estrogen‑regulated 
transcription system in yeast. California table grape extract 
showed the highest estrogenic activity  (296  ±  1.6 MU) among FEs 
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at 400E equivalents. The estrogenic activity of the other FEs at 
400E equivalents ranked as follows: blackberry, red raspberry, and 
strawberry > blueberry > jackfruit, and black raspberry [Table 1]. All FEs 
displayed increasing estrogenic activity with increasing concentrations, 
and the highest activities were induced by 400E equivalents of each 
FE  [Table  1]. The estrogenic activities of 4‑OHT and NAF were 
209.68 ± 4.4 and 200.3 ± 8.9 MU, respectively, indicating low estrogenic 
activities of both drugs. The estrogenic activities of the drugs were in the 
same range with those of most FEs at 400E equivalents [Table 1]. For that 
reason, the 400E equivalents of FEs were used in determining the drug 
synergistic activities of the FEs.

Antiestrogenic activities of fruit extracts and drugs
FEs showed antiestrogenic properties by reducing the transcriptional 
activity induced by estradiol in the transgenic yeast expressing 
human ERα. The transcriptional activities of the combinations 
estradiol‑FEs (400E equivalents) ranked as follows: blueberry (95.9%), 
blackberry  (86.2%), black raspberry  (88.9%), and California table 
grape  (81.5%) > jackfruit  (72.2%), and red raspberry  (73.2%) > 
strawberry  (60.7%)  [Table  2]. The transcriptional activities of the 

combinations estradiol with 4‑OHT or NAF were 73.4% and 73.5% 
of estradiol activity, respectively  (calculated according to Eq. 2). The 
drugs decreased the estradiol activity by 26.5  ±  2.9%  (4‑OHT) and 
26.6 ± 1.6% (NAF), respectively (calculated according to Eq. 3a).

Drug synergistic activities of fruit extracts
In this study, we investigated whether the FEs can enhance the 
antiestrogenic activities of 4‑OHT and NAF for better adjuvant 
therapy of breast cancer  [Table  3]. The highest synergistic activities 
with 4‑OHT were induced by black and red raspberry extracts at 400E 
equivalents  [Table  3]. Black raspberry extract with 4‑OHT lowered 
estradiol activity by 74.9%. Red raspberry extract in combination with 
4‑OHT decreased estradiol activity by 73.9%. The drug synergistic 
activities of the other FEs in combination with 4‑OHT ranked as 
follows: blueberry  (62.7%) and California table grape  (60.7%) > 
jackfruit (54.5%), blackberry (51.6%), and strawberry (50.4%) [Table 3]. 
Similarly, the highest drug synergistic activity with NAF was induced 
by the red raspberry extract, which in combination with the drug 
lowered the estradiol activity by 77.9%. The drug synergistic activities 
of the other FEs with NAF ranked as follows: blueberry  (71.2%) > 

Table 1: Estrogenic activities (Miller units) of fruit extracts

Fruit extracts 100 E equivalents 200 E equivalents 300 E equivalents 400 E equivalents
Blueberry 106.9±12.4a 125.4±2.5 166.7±5.1 181.4±4.2
Jackfruit 29.3±0.7b 69.3±1.3b 78±0.7b 83±2.5b

Blackberry 88.7±3.7a,c 115.6±2.4c 129.8±3.9 218.5±9.1c

Black raspberry 40.4±3.6b,d 72±3.1b 85.4±0.5b 100.6±4.7b

Red raspberry 149.7±4.2 162.6±2.9 183.4±3.5e 223.7±12.2c,e

Strawberry 73.9±8c 111.3±2c 183±4e 212.9±28.9c,e

California table grape 47.2±1.6b,d 182.3±2.3 235.2±0.3 296±1.6
Results represent means±SD of three experiments (each experiment had two replicates). In each column, mean values with no superscript letters are significantly 
different from each other at P≤0.05; mean values with same superscript letters are not significantly different from each other at P≤0.05 (Tukey’s test). The average 
estrogenic activities for the positive controls estradiol and genistein were 3358.2±142.5 and 1406.1±63.9 MU, respectively. MU: Miller units; SD: Standard deviation

Table 2: Transcriptional activities (percentage of estradiol activity) of fruit extracts‑estradiol combinations

Fruit extracts 100 E equivalents 200 E equivalents 300 E equivalents 400 E equivalents
Blueberry 62±2.5a 76.3±10.1 86.2±5.7 95.9±5.6a,c

Jackfruit 47.3±1.9b 50.9±2.3b 54.5±2.8b,f 72.2±4.6
Blackberry 44.5±2.3c 54.5±1.9b,c 70±3.8c 86.2±9.1a,c

Black raspberry 43.2±2.4b,c 60.2±2.8 63.9±3 88.9±4.7a,c

Red raspberry 45.2±1.8b,c,d 54.5±1.7b,c,e 70.3±2.2c 73.2±2.6b

Strawberry 39.7±2.4b,d,e 50.5±0.3b,c,e,f 55±0.7b,f 60.7±1.6
California table grape 33.5±2.1b,e 49.1±4.7b,f 55.1±4.1b,f 81.5±12.8c

Results represent means±SD of three experiments (each experiment had two replicates). In each column, mean values with no superscript letters are significantly 
different from each other at P≤0.05; mean values with same superscript letters are not significantly different from each other at P≤0.05 (Tukey’s test). The average 
activities for the positive controls estradiol and genistein were 3358.2±142.5 and 1406.1±63.9 MU, respectively. MU: Miller units; SD: Standard deviation

Table 3: Synergistic activities of fruit extracts with 4‑hydroxytamoxifen and nafoxidine

Fruit extracts Percentage decrease of 
estradiol activity by FE (400 

estrogen equivalents)a

Percentage decrease 
of Estradiol activity 

by 4‑OHT+FEb

Fold 
change 
by FEc

Fold 
change by 

4‑OHTd

Percentage decrease 
of estradiol activity 

by NAF+FE

Fold 
change 
by FEc

Fold 
change 
by NAFd

Blueberry 4.1±5.6a,c 62.7±1.6a 15.3 2.4 71.2±0.8 17.4 2.6
Jackfruit 27.8±4.6b 54.5±1.8b 2 2.1 50.9±2.1b 1.9 1.9
Blackberry 13.8±9.1a,c 51.6±1.1b,c 3.7 2 50.3±1.4b,c 3.6 1.8
Black raspberry 11.1±4.7a,c 74.9±0.8d 6.8 2.8 63.8±1.2 5.8 2.3
Red raspberry 26.8±2.6b 73.9±1d 3 2.8 77.9±1 2.9 2.9
Strawberry 39.3±1.6 50.4±2b,c 1.3 1.9 56.4±1.9f 1.5 2.2
California table grape 18.5±12.8b,c 60.7±1.2a 3.3 2.3 53.8±1.5b,c,f 2.9 2.1

Results represent means±SD of three experiments. In each column, mean values with no superscript letters are significantly different from each other at P≤0.05; 
mean values with same superscript letters are not significantly different from each other at P≤0.05 (Tukey’s test). The average activities for estradiol, estradiol with 
4‑hydroxytamoxifen, and estradiol with nafoxidine were as follows: 1835.03±41 MU (100%), 1346.14±23 MU (73.4%), and 1347.2±24.1 MU (73.5%), respectively. a, b, 
c, d: Equations for calculations in Materials and Methods. 4‑OHT: 4‑hydroxytamoxifen; NAF: Nafoxidine; FE: Fruit extract; MU: Miller units; SD: Standard deviation
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black raspberry  (63.8%) > jackfruit  (50.9%), blackberry  (50.3%), 
strawberry  (56.4%), and California table grape  (53.8%)  [Table  3]. 
Fold changes between percentage decrease of E activity by 4‑OHT or 
NAF + FE and percentage decrease of E activity by FE were calculated 
and ranged from 1.3 to 15.3 for 4‑OHT and 1.5–17.4 for NAF. Blueberry 
extract in combination with 4‑OHT and NAF induced the highest fold 
changes of 15.3 and 17.4, respectively [Table 3]. Fold changes between 
percentage decrease of E activity by 4‑OHT or NAF + FE and percentage 
decrease of E activity by drug (4‑OHT/NAF) were calculated and ranged 
from 1.9 to 2.8 for 4‑OHT and 1.8–2.9 for NAF. Results clearly show 
drug synergistic activities of FEs with both drugs.

Correlation between antiestrogenic activity and 
drug synergistic activities of fruit extracts
The antiestrogenic activity of FEs at 400E equivalents was correlated with 
their drug synergistic activities and the results are presented in Table 4. 
The antiestrogenic activities of blueberry, black raspberry, and California 
Table grape extracts displayed high correlation with drug synergistic 
activities for both 4‑OHT and NAF. Blackberry, red raspberry, and 
strawberry antiestrogenic activities showed high correlation only with 
NAF synergistic activity. Jackfruit antiestrogenic activity showed low 
correlation with drug synergistic activities of both 4‑OHT and NAF, 
whereas the antiestrogenic activities of blackberry, red raspberry, and 
strawberry extracts showed low correlation only with 4‑OHT synergistic 
activity [Table 4].

DISCUSSION
Our results demonstrate the in vitro synergistic effects of seven FEs with 
4‑OHT and NAF. The combined drug and FEs significantly lowered the 
estradiol activity in steroid‑regulated transcription S. cerevisiae cells 
expressing the human ERα. No reports of the estrogenic, antiestrogenic, 
and drug synergistic activities of the seven fruits by employing an 
estrogen‑responsive yeast system were found in the literature. This 
highlights the novelty of the present study. Few studies speculated on 
the estrogenic activities of some FEs by reporting their bone‑sparing and 
cardioprotective effects. Grape and blueberry extracts have been shown 
to increase bone calcium retention and BMD in ovariectomized rats.[23,24] 
Iowa Women’s Health Study on postmenopausal women  (n  =  34.489) 
found a correlation between strawberry intake and reduced 
cardiovascular disease mortality during a 16‑year period of follow‑up.[25]

Häkkinen et al. reviewed the chemical composition of 25 edible berries 
and found that blueberry, red raspberry, and strawberry contained 
the flavonoids quercetin. Besides quercetin, blueberry, and strawberry 
also contained other flavonoids such as myricetin and kaempferol, 
respectively.[26] Resende et  al. reported the estrogenic activity of 
kaempferol by employing a recombinant yeast assay expressing human 
ERα.[27] The presence of flavonoids in the FEs used in the present study is 
most likely responsible for the estrogenic and antiestrogenic activities in 
the estrogen‑regulated transcription system.

The antiproliferative activities of some of the FEs employed in this study 
were reported in cancer cell lines containing ERα. Studies on the effect of 
blackberry, black and red raspberry, blueberry, and jackfruit FEs on the 
proliferation of MCF‑7 cells found that all FEs inhibited cell proliferation 
and induced apoptosis.[28‑31] Lu and Serrero reported the antiestrogenic 
activity of resveratrol, a stilbene found in grapes, which acted as an 
estradiol antagonist leading to the inhibition of MCF‑7 cell growth.[32] It 
is possible that the antiestrogenic activities of the FEs contributed to the 
antiproliferative effects on MCF‑7 cancer cells in the above study[28‑32]. 
In our study, different FEs showed different degrees of transcriptional 
activities in the presence of estradiol in vitro, ranging from 33.5% estradiol 
activity by California table grape extract at 100E equivalents to 95.9% 
estradiol activity by blueberry extract at 400E equivalents.
Globally, breast cancer is reported as being the most frequently 
diagnosed cancer in women and is responsible for the highest number 
of cancer‑associated deaths.[33] Various treatments such as surgery, 
radiotherapy, adjuvant chemotherapies, and hormonal therapies 
help reduce mortality rates of breast cancer patients.[34] Although 
pharmaceutical agents show preventive and chemotherapeutic actions 
toward breast cancer, the use of phytochemicals extracted from 
different fruits and vegetables has been explored to target molecular 
subtypes of breast cancer and breast cancer stem cells.[35] There are 
not many studies reporting the drug synergistic activities of FEs with 
breast cancer drugs; however, Castillo‑Pichardo and Dharmawardhane 
explored the effects of grape polyphenols, such as resveratrol, quercetin, 
and catechin  (RQC) on potentiating the drug gefitinib, an epidermal 
growth factor receptor‑specific tyrosine kinase inhibitor, which is used 
for treatment of certain breast cancers. Gefitinib together with RQC 
decreased the cell viability in gefitinib‑resistant cells to a greater extent 
as compared to gefitinib or RQC alone. Furthermore, this combination 
reduced growth and metastasis of a mammary tumor in nude mice.[36] 
Another study by Woode et al. found that both red raspberry extract and 
its active compounds delphinidin and ellagic acid enhanced the effect of 
sublethal dose (1 nM) of fulvestrant (ICI 182,780; ICI), an antiestrogen 
introduced clinically, and inhibited cell proliferation in ICI‑sensitive and 
resistant cell lines LCC1, ZR75‑1, and BT474.[37] Shi et al. reported the 
synergistic activity of resveratrol with tamoxifen in that together they 
enhanced apoptosis in tamoxifen‑resistant MCF‑7/TR cells.[38] In our 
study, red raspberry extract showed the highest drug synergistic activities 
with both 4‑OHT and NAF. Red raspberry extract in combination with 
4‑OHT lowered the estradiol activity by 73.9% and with NAF by 77.9%. 
Black raspberry extract also showed the highest synergistic activity with 
4‑OHT, lowering the estradiol activity by 74.9%. The results show that 
some FEs were more effective in their drug synergistic activities than 
others. In the present study, the decrease of estradiol activity by FEs 
ranked from 39.3% (strawberry) to 4.1% (blueberry) [Table 3]. Although 
blueberry extract induced a very low decrease of estradiol activity, in 
combination with each drug, it showed the highest synergistic activity 
expressed in the fold change. On the other hand, red and black raspberry 
extracts induced a significant higher antiestrogenic activity by themselves, 
11.2% and 26.8%, respectively, compared to the antiestrogenic activity of 
blueberry extracts (4.1%) but showed a much lower synergistic activity 
in combination with the drugs.
The antiestrogenic activities of blueberry, blackberry, red raspberry, 
and California table grape extracts have been found to highly correlate 
with their synergistic activities with both 4‑OHT  (0.960, 0.982, 0.988, 
and 0.999, respectively) and NAF  (0.934, 0.923, 0.994, and 0.975, 
respectively)  [Table  4]. The results indicate that the antiestrogenic 
activities of blueberry, blackberry, red raspberry, and California table 
grape extracts at 400E equivalents contributed to the drug synergistic 
activities. In the cases of jackfruit and strawberry extracts, low correlations 

Table 4: Correlation between antiestrogenic and drug synergistic activities of 
fruit extracts

Fruit extracts (400 estrogen equivalents) E+4‑OH‑T+FE E+NAF+FE
Blueberry 0.960 0.934
Jackfruit 0.204 0.365
Blackberry 0.982 0.923
Black raspberry 0.633 0.550
Red raspberry 0.988 0.994
Strawberry 0.190 0.376
California table grape 0.999 0.975

4‑OHT: 4‑hydroxytamoxifen; E: Estradiol; NAF: Nafoxidine; FE: Fruit extract
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have been observed between their antiestrogenic activities and synergistic 
activities with 4‑OHT  (0.204 and 0.190, respectively) and NAF  (0.365 
and 0.376, respectively) [Table 4]. Black raspberry extract shows medium 
correlation between its antiestrogenic activity and synergistic activity 
with 4‑OHT  (0.633) and NAF  (0.550). The low correlations between 
antiestrogenic and drug synergistic activities indicate the presence of other 
mechanisms for decreasing the estradiol activity in the estrogen‑regulated 
steroid yeast system. It can be speculated that the phytochemicals 
present in jackfruit and strawberry extracts interact differently than 
the other FEs with 4‑OHT and NAF in the estrogen‑regulated steroid 
system. Yang and Liu reported the synergistic activity of apple extract 
with quercetin 3‑β‑D‑glucoside on the antiproliferative activity in 
MCF‑7 cells. The EC50 values of apple extract were 2‑fold lower, and of 
quercetin, 3‑β‑D‑glucoside were 4‑fold lower were combined compared 
to when each of them were used individually in MCF‑7 antiproliferative 
assays.[39] In another study, Huang et al. showed that chrysin present in the 
water‑ethyl acetate FEs of cheese fruit, Morinda citrifolia, in combination 
with apigenin synergistically reduced cell viability, and induced apoptosis 
in HepG2 and MDA‑MB‑231 cells. Furthermore, cotreatment of apigenin 
and chrysin reduced tumor growth in human MDA‑MB‑231 breast 
cancer cells xenografts.[40] The present study shows that the FEs under 
study, with the exception of jackfruit and strawberry extracts, induced 
high‑fold changes (3–17.4) in the antiestrogenic activities of both 4‑OHT 
and NAF  [Table  3]. The drugs by themselves induced fold changes in 
the range of 1.9–2.9  [Table 3]. The results showed that phytochemicals 
present in the FEs enhanced the antiestrogenic activities of both drugs in 
estrogen‑regulated transcription system in yeast. More research is needed 
on the mechanism of synergistic activities of FEs and identification of 
active compounds to establish their efficacy in cancer treatment.

CONCLUSIONS
The current study presents evidence of the in  vitro estrogenic, 
antiestrogenic, and drug synergistic activities of seven commercially 
available fruits. To the best of our knowledge, this is the first report on 
the estrogenic, antiestrogenic, and drug synergistic activities of the seven 
FEs by employing an estrogen‑regulated transcription system in yeast. 
This is also the first report of in vitro synergistic activities of blueberry, 
jackfruit, blackberry, black raspberry, red raspberry, strawberry, 
and California table grape extracts with 4‑OHT and NAF. The data 
on antiestrogenic and drug synergistic properties of the FEs offer 
opportunities for exploring new drug targets and could be useful for 
scientists and nutritionists in search of new effective ways for preventing 
or treating cancers, osteoporosis, and menopausal symptoms.
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