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Abstract

:

Breast cancer (BC) is one of the most common cancers in women and is a major cause of female cancer-related deaths. BC is a multifactorial disease caused by the dysregulation of many genes, raising the need to find novel drugs that function by targeting several signaling pathways. The antitumoral drug thymoquinone (TQ), found in black seed oil, has multitargeting properties against several signaling pathways. This study evaluated the inhibitory effects of TQ on the MCF7 and T47D human breast cancer cell lines and its antitumor activity against BC induced by a single oral dose (65 mg/kg) of 7,12-dimethylbenzanthracene (DMBA) in female rats. The therapeutic activity was evaluated in DMBA-treated rats who received oral TQ (50 mg/kg) three times weekly. TQ-treated MCF7 and T47D cells showed concentration-dependent inhibition of cell proliferation and induction of apoptosis. TQ also decreased the expression of DNA methyltransferase 1 (DNMT1) in both cancer cell types. In DMBA-treated animals, TQ inhibited the number of liver and kidney metastases. These effects were associated with a reduction in DNMT1 mRNA expression. These results indicate that TQ has protective effects against breast carcinogens through epigenetic mechanisms involving DNMT1 inhibition.
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1. Introduction


Breast cancer (BC) is a complex disease characterized by distinct biological subtypes and numerous targeted prognostic markers of therapeutic importance [1,2]. In 2012, 1.7 million BC cases and 521,900 deaths were reported [3]. Over 2.3 million (11.7%) new cases and 684,996 (6.9%) mortalities from BC occurred in 2020, and its prevalence is expected to increase to over 3 million new cases and 1 million deaths by 2040, making BC the most common type of malignancy worldwide in women [4]. BC develops through several mechanisms, including epigenetic modifications that mainly involve the inactivation of tumor suppressor genes (TSGs) through DNA methylation [5,6,7]. Several studies have shown epigenetic inactivation of the TSG breast cancer susceptibility gene 1 (BRCA1) through promoter hypermethylation catalyzed by DNA methyltransferase 1 (DNMT1) [8,9,10]. DNMT1 overexpression is associated with BC development, and its downregulation has been reported to inhibit the proliferation and invasion of BC cells and the progression of BC [11,12,13]. Higher expression levels of DNMT1 have been found in patients with BC than in those with breast fibroadenoma [14]. DNMT1 overexpression has also been correlated with promoter hypermethylation, decreased expression of BRCA1, and lymph node metastasis [14]. These findings suggest that DNMT1 may be involved in the progression of breast cancer through an epigenetic inactivation of BRCA1. Abnormal DNA methylation is also associated with drug resistance in breast cancer cells [15,16], indicating that DNMT1 overexpression could also be a cause of BC resistance to therapy. Thus, one approach aimed at increasing the sensitivity of BC cells to chemotherapy is the inhibition of DNMT1 expression using the FDA-approved nucleoside DNMT inhibitors, azacytidine and decitabine. However, both drugs have adverse side effects and poor chemical stability [17,18]. The identification of novel, potent, and safe inhibitors of DNMT is therefore becoming increasingly important.



Plant-derived bioactive components may represent agents that could help overcome the challenge of finding safe DNMT inhibitors. For example, epigallocatechin-3-gallate (EGCG) [19,20] and curcumin [21,22] have anticancer activities related to their effects on DNA methylation and subsequent inhibition of the enzymatic activity and/or transcription of DNMT1. Another compound, thymoquinone (TQ), the biologically active component of black cumin (Nigella sativa) seeds, also shows cytotoxicity activities against various human cancer cells by targeting several signaling pathways, including the epigenetic machinery [23,24,25,26,27]. Several in vitro studies have shown that TQ has inhibitory effects on leukemia, a hematological tumor model, by inhibiting DNMT1 activity [28] and decreasing its expression at both the transcriptional and protein levels [25,27,29,30].



In the present study, we investigated the possibility that TQ would show similar inhibitory effects in vitro on the MCF7 and T47D human breast cancer cell lines and in vivo in a rat model of 7,12-dimethylbenzanthracene (DMBA)-induced BC through its ability to modulate DNMT1 expression.




2. Results


2.1. TQ Inhibited Growth and Induced Apoptosis in T47D and MCF7 Cells


The effect of TQ on T47D and MCF7 cell proliferation was examined by treating the cells with TQ for 24 h (Figure 1A,B). TQ induced half-maximum effects (IC50) on cell proliferation at concentrations of approximately 30 µM in T47D (Figure 1A) and 50 µM in MCF-7 in T47D cells, TQ concentration-dependently inhibited cell proliferation inhibition (Figure 1A) and triggered apoptosis (Figure 1C). The treatment of MCF7 cells with 30 μM TQ significantly decreased cell proliferation (Figure 1B) and increased the percentage of apoptotic cells (Figure 1D). These results show that TQ inhibits breast cancer cell proliferation through what was largely determined to be an apoptotic process.




2.2. TQ Reduced DMBA-Induced Kidney and Liver Damage


In group 1, the control group rats showed normal kidney and liver tissue morphology (Figure 2 and Figure 3A). In group 2, the DMBA-treated rats showed ascites and metastasis (Figure 2 and Figure 3B). The rats in group 3 (the preventive group) showed near-normal architecture, with reduced kidney and liver damage (Figure 2 and Figure 3C). The latter finding indicated that TQ had preventive effects on DMBA-induced kidney and liver damage, as these tissues in group 3 showed morphology nearly equivalent to that of the control group 1.




2.3. Effect of TQ on DMBA-Induced Histopathological Changes in Mammary Glands of Female Rats


Figure 4 depicts the typical mammary gland morphology as well as the pathological modifications caused by the administration of DMBA and TQ. The mammary glands of control group 1 showed normal tiny ducts with a single layer of epithelial cells surrounding them and a normal number of acini (Figure 4A). DMBA treatment of the rats induced the proliferation of the terminal ductal breast tissue and the formation of premalignant and malignant hyperplastic lesions that closely resemble human breast cancer. The morphological changes were characterized by an increased number of small ducts that were further differentiated into lobular units with striking secretion and neoplasia, including ductal hyperplasia and sloughing of epithelial cells into the duct. No edema, inflammation by neutrophils, or epidermal ulceration were observed (Figure 4B). By contrast, group 3 (preventive group) showed near-normal mammary gland architecture (Figure 4C) with decreased lobular alveolar damage when DMBA induction was followed by TQ treatment (50 mg/kg b. wt.). The group 3 rats showed significant reductions in all the tumor types detected in group 2, except that some of the glands showed an increased number of acini, which are normally only seen during pregnancy and lactation.




2.4. Effect of TQ on DMBA-Induced Histopathological Changes in Female Rat Kidneys


The kidneys of the control rats showed normal renal corpuscles and glomerular capillaries. The cortical and medullary tubules also showed normal narrow luminas and epithelial linings (Figure 5A). The kidneys of the DMBA-induced rats (Figure 5B) showed mild aggregations of infiltrating viable neoplastic cells, a decrease in renal corpuscle and glomerular size, and dilation of the tubular lumina. By contrast, the kidneys in group 3 (preventive group) showed only a slight deformity of some of the renal corpuscles (Figure 5C) when DMBA induction was followed by TQ treatment (50 mg/kg b. wt.). The kidney tubules showed a healthy epithelial lining like that of the group 1 control animals, with only a slight luminal dilation in the cortical region (Figure 5C). However, the abundance of neoplastic cells detected (Figure 5C) exhibits a notable increase in comparison to the control group.




2.5. Effect of TQ on DMBA-Induced Histopathological Changes in Female Rat Livers


The hepatic organs of control rats showed healthy normal hepatocytes with some bi-nucleated cells indicating regeneration (Figure 6A). The hepatic organs of the DMBA-induced rats (group 2) showed cytoplasmic degeneration and some aggregation of inflammatory cells and fatty degeneration, necrosis, and distortion (Figure 6B). By contrast, group 3 (preventive group) rats induced with DMBA and treated with TQ (50 mg/kg, b. wt.) showed a healthy epithelial lining similar to that of the control group (group 1) but with a mild activation of Kupffer cells (Figure 6C).




2.6. TQ Induced DNMT1 Downregulation in BC Cells and DMBA-Treated Female Rats


DNMT1 was reported to be overexpressed in the MCF-7 and T47D breast cancer cell lines [31,32], and its downregulation led to cell proliferation inhibition and the induction of apoptosis [32]. In line with this, our results showed that at 30 µM of TQ, mRNA expression levels of the DNMT1 gene were significantly decreased in both MCF7 and T47D cell lines (Figure 7A). Interestingly, administering DMBA-treated female rats with TQ 50 mg/kg significantly decreased the expression of DNMT1 (Figure 7B) and increased the expression of BRCA1 in tumorous mammary tissues (Figure 7C).





3. Discussion


The silencing of TSG by DNMT1 promotes breast cancer progression and contributes to metastasis [12,33]. Therefore, the decrease in DNMT1 expression in BC is expected to inhibit cell proliferation and metastasis through the reactivation of TSG. In this context, the tumor suppressor gene BRCA1 has been shown to be increased in response to natural compounds exhibiting anti-cancer activities such as liquiritigenin [34] and genistein [35]. In this study, we showed that the natural compound thymoquinone inhibited cell proliferation and induced apoptosis of MCF7 and T47D breast cancer cells. The TQ-mediated inhibitory effects on MCF7 and T47D cells were associated with the downregulation of DNMT1, indicating that TQ could be a promising candidat for the treatment of breast cancer by inhibiting DNMT1. The in vitro results were substantiated in vivo in female rats, as TQ reduced the number of liver and kidney metastases in DMBA-treated rats, and these effects were associated with a decrease in the expression of DNMT1.



While DMBA treatment led to neoplasia and hyperplasia in the rat breast tissues, subsequent treatment with TQ improved the breast tissue morphology and reduced both the rate of DMBA carcinogenicity and the degree of mammary tumor growth. In line with our findings, a restriction in neoplastic alteration during the steps involved in oncogenesis in DMBA-treated male Syrian hamsters have been shown upon their treatment with TQ [36]. These findings indicate that TQ administration suppresses DMBA-induced mammary carcinogenesis, providing further evidence for the use of phytochemicals, including TQ, in the prevention and the progression of BC.



Interestingly, despite treatment with DMBA, the preventive group treated with TQ showed no malignant tumors and resembled the control group. DMBA caused moderate inflammatory alterations in the tissues but did not induce any epithelial alterations. These changes were particularly noticeable in the kidneys and liver, as histopathological differences were noticed between the DMBA (group 2) and DMBA-TQ (preventive group 3) groups. These results were somewhat surprising, as they indicate that the oxidative damage caused by DMBA is not necessarily linked to the histological findings. A previous study showed that the effects of DMBA were mainly on gut glutathione metabolism and observed no variations in gut pathology between the treated and untreated groups, despite considerable changes in gut glutathione metabolism [37].



In histopathology, the injured liver and kidney cells in the DMBA-treated rats displayed significant cytoplasmic vacuolization, high eosinophilic cytoplasm, necrosis, blood sinusoid compaction, and hyperchromatic nuclei. These changes appeared to follow the same pattern as those previously published for rodent livers and kidneys after the oral administration of DMBA carcinogens [38]. Different-sized vacuoles were found in the cytoplasm of the hepatocytes and kidney cells, which may increase the permeability of cell membranes and may reflect intracytoplasmic lipid accumulation [39,40] and an increase in the number of pleomorphic mitochondria with a dense matrix [41,42]. These types of changes could explain the excessive presence of eosinophilic cytoplasm in these tissues [43].



The DMBA-treated rat tissues typically showed swollen hepatocytes and kidney cells with dilated ER, deformed microvilli, and poor intercellular linkages. These changes could again be related to mitochondrial malfunction, which would cause a decrease in the functioning of the plasma membrane energy-dependent sodium pump, resulting in intracellular sodium buildup and potassium outflow [41,44]. Furthermore, DMBA treatment may promote p53 overexpression [45], which could lead to alterations in mitochondrial architecture [46] and impairment of ER-mitochondria contact sites [41,47].



The cell structure of the DMBA-treated rats showed considerable modifications, including irregular shapes, hyperchromatic nuclei, and an increase in the number of bi-nucleated cells, consistent with previous findings [41]. An increase in mitotic activity could be related to the increased number of bi-nucleated hepatocytes and kidney cells [48]. In addition, the nucleoli were uneven, large, and segregated, in agreement with previous studies [49]. Administration of TQ to DMBA-treated rats restored these alterations to a considerable degree, as evidenced by the histopathology of the tissues from the treated animals. This restoration of normal architecture indicated that TQ is effective against cancer in vivo.



Clinically, patients with BC were reported to overexpress DNMT1 compared to patients with breast fibroadenoma [14], and this overexpression was associated with BC development, while its downregulation inhibits proliferation and invasion of BC [11,12,13]. In the present study, 30 µM of TQ significantly decreased mRNA expression levels of the DNMT1 gene in breast cancer cell lines. DNMT1 overexpression has been correlated with a decrease in the expression of the tumor suppressor gene BRCA1 in lymph node metastasis [14]. Our results showed that administering TQ to DMBA-treated female rats significantly increased the expression of BRCA1, and this effect was associated with a decrease in DNMT1 expression. These changes provide further evidence that DNMT1 is involved in the progression of BC through an epigenetic inactivation of BRCA1 and that DNMT1 inhibition by TQ could be a key event modulating the inhibition of BC proliferation and metastasis.




4. Materials and Methods


4.1. Cell Culture and Treatment


MCF-7 and T47D human breast cancer cell lines were purchased from the America Type Culture Collection (Manassas, VA, USA). DMEM (UFC-Biotech, Riyadh, Saudi Arabia) supplemented with 15% (v/v) foetal calf serum (FCS, Biowhitaker, Lonza, Belgium), 2 mM glutamine, penicillin (100 IU/mL), and streptomycin (Sigma St. Louis, MO, USA) (100 g/mL) was used to maintain the cell lines. Conditions of 37 °C, 5% CO2, and 95% relative humidity were maintained on all cell lines in the incubator. A 10 mM solution of TQ (Sigma-Aldrich, Louis, MO, USA) in 10% Dimethyl sulfoxide (DMSO) (Millipore, Molsheim, France) was used for all treatments and for preparing the requisite working concentrations with cell culture medium. In both controls, the overall DMSO concentration remained less than 0.1%. 7,12-dimethylbenzanthracene (DMBA) was obtained from Sigma-Aldrich (St. Louis, MO, USA). Corn oil was used to prepare the stock solutions of thymoquinone.




4.2. Cell Proliferation Assay


To investigate the impact of TQ on the proliferation of ductal carcinoma cells, T47D, and MCF-7cells, a colorimetric cell proliferation assay using the WST-1 Cell Proliferation Reagent kit (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was used. In brief, the breast cancer cells were cultured in 96-well plates at a density of 3 × 104 cells/well. The cells were subsequently subjected to increasing concentrations of TQ at 10 and 30 µM for 24 h following 24 h of incubation at 37 °C. Quickly prepared WST-1 reagent was subsequently utilized to assess the rate of cell growth. A total of 10 μL of the WST-1 solution was added after 24 h of incubation, and then the solution was subjected to an extra 3 h of incubation at 37 °C. These results were then analyzed using Gen5 software (BioTek Instruments, Inc., Winooski, VT, USA), and the absorbance was measured at 450 nm using a microplate ELISA reader (ELx800™; BioTek Instruments, Inc.). In this reaction, the tetrazolium salt WST-1 is transformed into formazan product via cellular mitochondrial dehydrogenases. The number of metabolically active, viable cells is directly proportional to the amount of formazan dye found in the media. The percentage of cell viability was determined by assuming the control (untreated) sample viability to be 100%.




4.3. Annexin-V-FITC Analysis (Apoptosis Assay)


Cells (2 × 105) were seeded into a 6-well plate and cultured overnight. The cells were then treated with increasing concentrations of TQ at 10 and 30 µM for 24 h. Annexin V Binding Guava Nexin® Assay by capillary cytometry (Guava Easycyte Plus HP system, with absolute cell count and six parameters) was then used to evaluate the cellular apoptosis rate following the manufacturer’s instructions (Guava Technologies Inc, Hayward, CA, USA). Briefly, Nexin® reagent (100 µL) (Millipore®, Billerica, MA, USA, catalog no. 4500-0450) was added to each well. The cells were further incubated for 20 min at room temperature in a dark environment. The forward and side scatter were recorded at 10,000 events. Then, a Guava® easyCyte 12HT Benchtop Flow Cytometer (Millipore®, Billerica, MA) was used to analyze the percentage of the early and the late apoptotic cells. InCyte™ software (Millipore®, Billerica, MA, USA, https://www.thelabworldgroup.com/product/guava-easycyte-ht-cytometer/, accessed on 12 January 2024) was finally used to plot the results.




4.4. Reverse Transcription and Real-Time PCR


Cells were treated with increasing concentrations of TQ at 10 and 30 µM for 24 h. The total RNA was isolated and purified from cancer cells using the RNeasy kit (Haven Scientific, Jeddah, Makkah, Saudi Arabia).




4.5. Experimental Animals


The 42-day-old female Wistar albino rats, weighing 180–200 g, were obtained from the animal facility at King Fahd Medical and Research Centre in Jeddah, Saudi Arabia followed by acclimatization for one week in the laboratory. The rats were housed in polypropylene cages. Rats were provided a standard food pellet diet and free access to water and were kept at an optimum temperature of 22 ± 1 °C, relative humidity of 60 ± 10%, and in an artificially illuminated (12 h dark/light cycle) room. The use of animals for research was carried out in observance with the Ethics Committee’s approval to the protocol (443-19 of HA-02-J-008), Faculty of Biochemistry, King Abdul-Aziz University, Jeddah Saudi Arabia.




4.6. Treatment Regime


The rats (n = 36) were randomly divided into three groups of twelve animal each, as follows:




	
Control group: animals were administered corn oil (1 mL/kg) three times a week by oral gavage for 14 weeks [50].



	
Positive control: animals were administered a single dose of DMBA (65 mg/kg) dissolved in corn oil by oral gavage.



	
Preventive group: animals were administered a single dose of DMBA (65 mg/kg) dissolved in corn oil by oral gavage, and then they were given TQ (50 mg/kg), also dissolved in corn oil, orally three times a week for 14 weeks [51].








Rats were examined weekly for tumors by palpation beginning at 4 weeks after DMBA administration. After receiving full doses for 14 weeks, the rats were euthanized under the effect of the diethyl ether by a cervical dislocation to obtain organ samples from all rats in the three groups. Tumor tissue was weighed and subjected to histopathological analysis.




4.7. Histopathological Analysis


Breast tissues were soaked in a formaldehyde solution (10%), dehydrated in ethanol, embedded in paraffin wax, and sectioned with a microtome at 5-µm thickness. The sections were then mounted on slides and stained with eosin and hematoxylin and observed using a trinocular microscope.




4.8. Analysis of mRNA Levels


The mRNA levels of DNMT1, BRCA1, and 36P4 in breast tissues were determined by quantitative reverse transcription polymerase chain reaction (qRT-PCR). The total RNA was isolated and purified from breast tissues using kits (Superscript III Reverse Transcriptase, Invitrogen, Waltham, MA, USA). The RNA was used to create cDNA libraries (Superscript III Reverse Transcriptase, Invitrogen) by using specific primers. RT-PCR was then carried out by employing SYBR Green qPCR (iQ SUPERMIX, BioRad, Hercules, CA, USA) on an ABI7500 system. The used qPCR conditions were as follows: 95 °C for 30 s, 60 °C for 40 s, and finally 72 °C for 40 s. The results were finally normalized to those obtained with 36P4 mRNA. The CT values of the samples were determined, and relative expression was calculated using the 2−ΔΔCT method. The sequences of the primers used for the PCR amplification were as follows: DNMT1 (sense: 5′-GGCCTTTTCACCTCCATCAA-3′; antisense: 5′-GCACAAACTGACCTGCTTCA-3′); BRCA1 (sense: 5′-CCGCCTTGCTTTAACTGATGT-3′; antisense: 5′-CACTTTCCTCCTGCAATGCC-3′); 36P4 (sense: 5′-AGTACCTGCTCAGAACACCG-3′ antisense: 5′-GCCATTGTCAAACACCTGCT-3′). Amplicons were size controlled on agarose gel and purity was assessed by analysis of the melting curves at the end of the RT-PCR reaction.




4.9. Statistical Analysis


All the data were presented as the mean ± S.E.M of three independent experiments for studies on cell lines with twelve rats per group. Statistical analysis and plotting graphs were performed using GraphPad Prism 8 (GraphPad Software, San Diego, CA, USA). A one-way ANOVA followed by a Tukey’s post hoc test was used to compare the differences among the groups. The statistically significant differences of p-values were indicated as * p < 0.05, ** p < 0.01, *** p < 0.001, and **** p < 0.0001.





5. Conclusions


In conclusion, we propose that TQ is a promising drug for breast cancer through its ability to target DNMT1. Besides its in vitro activity, TQ reduced the number of liver and kidney metastases in vivo in DMBA-treated rats. While DMBA led to neoplasia and hyperplasia in breast tissues, the administration of TQ to rats prevented these histological alterations in breast tissues and reduced DMBA carcinogenicity in rats, and these inhibitory effects were associated with a decrease in DNMT1 expression. Taken together, these results suggest that TQ exerts protective effects against BC risk and reduces the development of metastatic tumors in vivo through a mechanism involving a downregulation of DNMT1, which leads to the inhibition of proliferation and the induction of apoptosis of tumor cells. Further research is needed into the mechanisms by which TQ regulates the expression of DNMT1 in breast cancer cells and the related events.
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Figure 1. Effect of TQ on MCF7 and T47D cell proliferation and apoptosis. MCF7 cells (A,C) and T47D cells (B,D) were exposed to increasing concentrations of TQ at 10 or 30 µM for 24 h. Cell proliferation rate was assessed by WST-1 assay. Apoptosis was assessed by flow cytometry using the Annexin V/7AAD staining apoptosis. The data is representative of three different experiments. Values are shown as means ± S.E.M. (n = 3); *, p < 0.05 versus respective control. 
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Figure 2. Morphology of the three groups of rats: the control group (A), the DMBA-induced rats (B), and the preventive group (C). 
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Figure 3. Liver and kidney morphology of the three groups of rats: the control group (A), the DMBA-induced rats (B), and the preventive group (C). 
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Figure 4. Effect of TQ on histopathology of mammary tissue from rats with DMBA-induced breast cancer. Data are shown as means ± S.E.M. (n = 12): rat mammary tissues from histological sections exhibit the typical anatomy of the control group’s mammary glands (×200) (A). (B) group 2: (DMBA (65 mg/kg, b. wt.) (×200)): mammary hypertrophy (×200) indicated an increase in the number of tiny ducts, and ductal hyperplasia and the sloughing of epithelial cells into the duct were among the neoplastic changes. (C) the preventive group (DMBA (65 mg/kg, b. wt.) and TQ (50 mg/kg, b. wt.) (×400)); displayed a decreased number of lobular alveolar damage and an increased number of acini. 
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Figure 5. Effect of TQ on histopathology of the kidney tissue from rats with DMBA-induced breast cancer. Histological sections of rat kidney tissues reveal the typical structure of the control group’s kidney gland (×200) (A). In (B), group 2: (DMBA (65 mg/kg, b. wt.) (×200)): the kidney gland shows hypertrophy with the presence of cancer cells infiltrating and a slight decrease in renal corpuscle size. (C) the preventive group consisting of DMBA (65 mg/kg, b. wt.) and TQ (50 mg/kg, b. wt.) (400) displayed some mild deformation in certain renal corpuscles, but the kidney tubules exhibited a healthy lining epithelium. 
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Figure 6. The rat liver tissue segment was stained with hematoxylin and eosin to examine its histological features. In the control group, the hepatic gland’s normal anatomy was revealed through histological sections (×200) (A). (B) positive control: (DMBA 65 mg/kg, b. wt.) (×200): cytoplasmic degeneration, inflammatory cell aggregation, and some fatty degenerations were seen in the hypertrophied liver gland (×200). (C) preventive group: (DMBA (65 mg/kg, b. wt.) and TQ (50 mg/kg, b. wt.) (×400)); liver tissue looks healthy with mild activation of Kupffer cells. 
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Figure 7. The effect of TQ on the mRNA expression of DNMT1 and BRCA1. MCF7 and T47D cells (A) were treated with 10 or 30 µM TQ for 24 h. The histograms show the quantification data of mRNA expression of DNMT1 as assessed by real-time RT-PCR. Data are shown as mean ± S.E.M. (n = 3); (* p < 0.05) versus respective control. Effect of TQ (50 mg/kg, b. wt.) on DNMT1 (B), and BRCA1 (C) mRNA levels in mammary tissue homogenate from rats with DMBA-induced breast cancer. Data shown as means ± S.E.M. (n = 12); * p < 0.05, compared to the positive control group. 
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