Carotenoids Suppressed Proliferating Cell Nuclear Antigen and Cyclin D1 Expression in Oral Carcinogenic Models
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Abstract

The purpose of this study was to investigate the chemopreventive effect of carotenoids on proliferating cell nuclear antigen (PCNA) and cyclin D1 expression in the betel quid extract (BQE)-induced hamster oral cancer and human KB cell models, respectively.  In animal study, forty-one hamsters were divided into six groups and were treated with 0.3 mL of 0.5% of DMBA, BQE, α-tocopherol, β-carotene, lycopene, lutein, and a mixture of carotenoids for 12 weeks.  After treatment, the pouches were excised and graded using an immunohistochemical assay of PCNA.  In cell experiment, KB cells were cultured and evaluated the inhibitory effect of carotenoids (β-carotene, lycopene and lutein) on cell proliferation. Cyclin D1 and PCNA were evaluated as cell differentiation.  In results, most of the animal lesions showed no overexpression of PCNA. However, in the dysplastic lesions, PCNA expressions of the β-carotene, lutein, lycopene, mixture, and vitamin E groups were less than that of the control group.  In papilloma lesions, PCNA expressions of the β-carotene, mixture, and vitamin E groups were less severe than of the control group. PCNA expressions of vitamin E-treated group were less severe than that of the controlled group. No carcinoma was found in the lycopene and mixture groups.  In cell study, all carotenoids exerted a significant inhibitory effect on KB cell proliferation.  Although lycopene suppressed KB cell proliferation at G0/G1 phase with significant decrease of PCNA expression, -carotene and lutein possessed less inhibited effect and even elevated the cell proliferation at G2/M phase. These results indicate that differ carotenoids presented the various suppressive ability of PCNA and cyclin D1 expression in cell proliferation. In conclusion, carotenoids suppressed the carcinogenesis of induced hamster oral cancer and cancer cell line by acting as a suppressor for inhibiting the expression of PCNA and cyclin D1.
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1. Introduction

Betel quid chewing is thought to contribute to leukoplakia, submucosal fibrosis, and oral cancer in Taiwan, India, and many Southeast Asian countries [1]. The traditional formula of the Taiwanese betel quid contains the tender areca nut, slaked lime, catechu (an astringent), inflorescence of the piper betel, or piper betel leaves. Some studies have reported that the extract of areca quid is associated with the onset of early malignant changes in hamster cheek pouch [2,3]. The components of betel quid accelerate the proliferation and differentiation of oral mucous cells, especially in combination with slaked lime and the nitrosative products of areca nut -- arecoline (i.e., guvacoline, guvacine, and arecaidine) [4]. One of the possible mechanisms of submucosal fibrosis might be the elevation of reactive oxygen species and then induction of DNA damage in vitro. However, the mechanism of BQ chewing induced oral cancer still remains unknown.
The immunohistochemical assay of proliferating cell nuclear antigen (PCNA) has been utilized by many investigators as a useful marker of cell proliferation and differentiation. Proliferating cell nuclear antigen (PCNA) is one of the helper proteins of DNA polymerase , which is a key protein in cell cycle regulation [5,6] and a trigger in cell proliferation and differentiation [7,8]. Some studies have indicated that PCNA shows different expression degrees in normal, precancerous stage, and malignant tissues: the greater the degree of metaplastic tissue, the greater the PCNA expression is. In cancer progression, e.g., from normal mucosal tissues to metaplasia, then dysplasia to squamous cell carcinoma in neck and oral tissues, PCNA expression is elevated [9], and the assay can be used to diagnose throat cancer progression [10]. Cyclin D1 was an important nuclear protein in G1/S phase of cell cycle. Bova and colleagues revealed that the cyclin D1 overexpression and cyclin D1 gene amplification were found in the patients with oral squamous cell carcinoma. It implied that the cyclin D1 expression may be as an early indicator in oral carcinogenesis [11]. 
In our previous studies, betel quid was shown to have a promoter role during the carcinogenesis of hamster buccal pouch carcinoma, and carotenoids presented inhibitory effect in induced hamster oral carcinogenesis [12,13]. Carotenoids have been indicated to present a strong ability to protect against active oxygen species in cells. Carotenoids were common lipotrophic phytochemicals in nature which prevent cancers by interfering protein expression in cell cycle. Dietary carotenoids may serve in lowering the risk of cancer in humans based on their reported antioxidant capability to quench singlet oxygen and other oxidizing species. If such a free radical mechanism is involved in the initiation and promotion of carcinogenesis, carotenoids may undergo oxidation in order to protect against cellular oxidative damage. Thus, In this study, we investigated the chemopreventive effect of carotenoids on proliferating cell nuclear antigen (PCNA) and cyclin D1 expression in the betel quid extract (BQE)-induced hamster oral cancer and KB cell (human oral epidermoid carcinoma cell line) models, respectively.
2. Materials and methods
2.1  Animal Protocol
During the experiment, forty-one 8-week-old adult male hamsters (National Science Council, Taipei, Taiwan), weighing between 110~120 g, were housed under a 12-h light-dark cycle, a temperature- (22~24°C) and humidity-controlled (60%) room. Rodent chow (Labdiet ＃5001) and water were received ad libitum.
2.1.1  Experimental design
Animals were divided into six experimental groups and were treated with 0.3 mL 0.5% of the experimental agents, which included 9,10-dimethyl- 1,2-benz[a]- anthracene (DMBA), betel quid extract (BQE), -tocopherol, β-carotene, lycopene, lutein, and a mixture of equal amounts of these carotenoids, respectively. In the 16-week experimental period, the buccal pouches of animals in the test groups were initially daubed with DMBA for 4 weeks. In the subsequent 12 weeks, groups were daubed with either BQE or a mineral oil solution containing carotenoids three times per week on alternate days. The process of manufacturing BQE was modified from the description by Lin et al. [14]. Vitamin E and carotenoids were purchased from Roche (Nutley, NJ, USA). All chemicals used in this study were obtained from Sigma (St Louis, MO, USA). The components of BQE were purchased from a local market.
2.1.2  Sample preparation
At the end of the experiment, all animals were anesthetized under a CO2 atmosphere. Hamster buccal pouch carcinoma and esophageal tissues were removed, extended, and fixed on a 25-cm2 paperboard under a 10% formaldehyde solution for at least 24 h. The tumor number and volume of the tissue lesions were recorded and photographed. After the paraffin fixation process, the tissue lesions were sliced into 5-m sections under poly-L-lysine treatment for further immunohistochemical staining and were evaluated by a senior pathologist.
2.1.3 Immunohistochemical Staining of PCNA

For immunohistochemical staining analyses, tissue sections cut from the paraffin blocks were first deparaffinized and rehydrated in graded alcoholic solutions and phosphate buffered saline (PBS). The specific antibody staining for various antigens (LSAB2 System, HRP, DAKO, Carpinteria, CA, USA) were used. Primary antibody incubations of PCNA (DAKO-PCNA PC10 monoclone antibody) were carried out at room temperature for 45 min with non-immune mouse IgG; after careful washing, sections were incubated in biotinylated secondary immunoglobulin of appropriate species specificity (Sigma; diluted with PBS at 1:200) for 30 min at room temperature. After incubation with the secondary antibody, sections were washed in PBS three times for 10 min each and then incubated with an avidin-biotin complex for 30 min at room temperature. Histochemical localization was accomplished using an avidin-biotin horseradish peroxidase complex (DAKO Liquid DAB+ Substrate- Chromogen System) with DAB (3-3’ diaminobenzidine tetrahydrochloride) as the chromagen. Normal goat serum was applied to the sections for 30 min to bind nonspecific sites. After immunohistochemical staining, tissue sections were counterstained with hematoxylin. Control sections were processed in parallel with mouse nonimmune IgG at the same concentration as the primary antibodies. After sectioning and staining, multiple degrees (score, 1~5) were examined to determine the percentage of epithelial cells showing positive immunoreactivity against PCNA. For each individual degree, the percentage of expressing cells was counted in five separate, low-magnification microscopic fields.

2.2  KB Cell culture

2.2.1 Chemicals

Bovine serum albumin (BSA), tetramethylene diamine (TEMED), dimethyl sulfoxide (DMSO), β-carotene and lutein were commercially obtained from Sigma Chemical (St. Louis, MO) while lutein needed partial purification. Lycopene, propidium iodium and ribonuclease A (RNase A) were purchased from MP Biomedicals, France. Minimum essential medium (MEM), fetal bovine serum (FBS), trypsin/EDTA solution and penicilline-streptomycin were purchased from GIBCO (Grand Island, NY). Cyclin D1 mouse monoclone IgG1 antibody and PCNA mouse monoclone IgG2 antibody and goat anti-mouse IgG-HRP antibody were obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). -Actin mouse monoclone IgG1k antibody was offered from Chemicon International, Inc. (Temecula, CA). Absolute ethanol was purchased from Merck (Darmstadt, Germany). All other laboratory chemicals were of the highest quality available and were purchased from Sigma, TEDIA (Fairfield, OH) and USB (Cleveland, OH).
2.2.2  Cell culture condition

Human KB cell line (human oral epidermoid carcinoma cell line, American Type Culture Collection number [ATCC]: CCL-17) originated from the Food Industry Research and Development Institute, Hsin-Chiu, Taiwan. Cells were grown as monolayers in Minimum Essential Medium (MEM) supplemented with 10% fetal bovine serum (FBS) and 100 IU/ml of penicillin-streptomycin in an atmosphere of 95% air and 5% CO2 at 37°C. -Carotene, lycopene and lutein were dissolved in absolute ethanol, and the concentration of absolute ethanol added to the media never exceeded 0.2% (v/v). Because -carotene, lycopene and lutein (5, 10, 20, & 30 M) showed no significant cytotoxicity, these concentrations were used in this study.
2.2.3  MTT assay

The inhibition of carotenoids on KB cell proliferation was determined by the below described MTT assay [15], where in cells were plated onto 96-well tissue culture dishes at density of 5×103 well−1 in 100 μL medium. After plating, the cells were allowed to attach for 24 h. Cells were incubated with various concentrations of the agents for 24 h, at which time 20 μL of 2 mg/mL MTT was added, and the absorbance at 492 nm was determined by a microtiter plate reader. The extract was added using THF as the vehicles, at maximum concentration of 0.1%. Live cells convert 3-(4,5-dimethylthiazol-2-yl)- 5-(3-carboxymethoxyphenyl)-2- (4-sulfophenyl)- 2H- tetrazolium (MTS) to a formazan dye that can be detected at 492 nm by a microplate reader. The absorbance at 690 nm was also measured as reference. The same aliquot of carotenoid-free emulsion alone was added to the control cells. Experiments were conducted in six times.
2.2.4 Protein Extraction and Western Blot

At the termination of cultures, the treated KB cells were incubated at 4°C for 60 min in the presence of lysis buffer consisting of 150 mM/L NaCl, 2 mM phenylmethylsulfonyl fluoride, 1% Triton X-100, 1% sodium deoxycholate (DOS), 1 mg/L aprotinin, 0.1% sodium dodecylsulfate (SDS) and 50 mM Tris-HCL (pH 7.4). Cells were subsequently scraped off the plates. The lysates were centrifuged at 4°C,   15,000×g for 15 min and the supernatants were collected. Protein contents in the supernatants were determined using a protein assay kit (Bio-Rad Dc Protein Assay Reagent; Bio-Rad Laboratories, USA). Proteins (50 µg) were subjected to 12.5% SDS-PAGE and electrophoretically transferred to a polyvinylidene fluoride membrane (Immobilon-P, Millipore, Bedford, MA). Membranes were blocked with nonfat dried milk and immunoblotting was done using anti-cyclin D1 mouse monoclone IgG1 antibody (1:500) (Santa Cruz Biotechnology), anti-PCNA mouse monoclone IgG2 antibody (1:2000) (Santa Cruz Biotechnology) and anti--actin monoclone IgG1K antibody (1:1000) (Chemicon) in Tween 20 base saline buffer (PBS-T). Membranes were probed with a goat anti-mouse IgG-horseradish peroxidase antibody (Santa Cruz Biotechnology) as a second antibody. The antigen-antibody complexes were detected with the secondary antibodies using an ECL chemiluminescence detection system (Amersham Pharmacia Biotech). Membranes were visualized by exposure to X-Omat film (Eastman Kodak Co., Rochester, NY). The experiments were repeated triplicate analysis in different cultured specimens with the similar results, and the reported results are representative.
2.2.5 Cell Cycle Analysis

Cell sample preparations for cytometry analysis were performed according to the method reported where else [16]. Cell cycle distribution was determined using a FACScan laser flow cytometer (Becton Dichenson, San Jose CA). Cells were trypsinized, collected, and washed twice with PBS. The pellets were resuspended in 1 mL of PBS, fixed in 2 mL of ethanol-PBS solution (75/25), and stored at -20°C. Cells were washed twice with PBS, then incubated for 30 minutes in 1 ml of PBS containing and 3 L ribonuclease A (Rnase A, 10 mg/mL) at room temperature. One mL propidium iodide (PI, 40 g/mL) was added, and the suspension was incubated in the dark at room temperature for 30 min and was then filtered through a 60-m mesh filter. The percentage of cells in different phases of the cell cycle was determined by flow cytometry with a ModFit (Verity Software House) computer program.
2.3  Statistical analysis

Values are presented as the mean ± SD. All data were analyzed using the SAS system. ANOVA with least significant difference test was performed to analyze differences among different ethanol durations. The acceptable level of significance was established at p < 0.05 except when otherwise indicated.
3. Results
3.1 Effect of Carotenoid on PCNA Expression in Hamster Buccal Pouch Lesion
The results indicated that most of the normal tissues showed low expression of PCNA. The expression of PCNA merely appeared in the basal layer of the epithelium. In basal layers, the expression of PCNA was significant, especially in peripheral cells of the basal layer. The expression of PCNA was obvious in lesions with dysplasia, carcinoma and hyperplasia and papilloma in the control group. Cells along the in border of the tumor and anterior tissue of invasive carcinomas also showed significant positive expression of PCNA. Precancerous lesions such as hyperplasia, dysplasia and keratocytes showed strong PCNA expression, especially in lesions with papilloma and squama cell carcinoma. The PCNA expression with carotenoid treatment is summarized in Table 1.

Figure 1A~D shows morphologic changes in lesions treated with mixed carotenoids. In the control, cells showed disorientation during proliferation and chromosomal aberrations, such as micronuclei and sister chromatid exchanges. Under the low microscopic field, lesions appeared dysplastic (Fig. 1A). Not surprisingly, lesions exhibiting PCNA expression showed inconsistencies (Fig. 2A~D). In hyperplastic lesions, PCNA expressions of the lutein, lycopene, mixture, and vitamin E groups were less severe compared with that of the control group. In papilloma lesions, PCNA expressions of the β-carotene, mixture, and vitamin E groups were less severe compared with that of the control group.  In dysplastic lesions, PCNA expressions of the carotenoid and vitamin E groups were less severe compared with that of the control group, but in carcinoma lesions, only the PCNA expression of the β-carotene group was less severe than the of control group. There was no carcinoma production in the lycopene and mixture groups, thus, no PCNA expression in those groups. For most of the lesions, vitamin E and β-carotene showed inhibitory effects on PCNA expression in buccal mucosal lesions.
3.2  Carotenoid on PCNA and Cyclin D1 Expression in KB Cells
3.2.1 MTT assay

The inhibitory effects of carotenoids (-carotene, lycopene and lutein) on the growth of KB human oral tumor cells were detected in 24 h (Fig. 2). The carotenoid solvent (THF) did not affect KB cell growth relative to growth in the control media. The cell-growth inhibition induced by carotenoids presented dose-dependent manner. Surprisingly, the cell-growth suppression induced by lutein (30 µM) was significantly more potent than that by -carotene and lycopene. -Carotene and lycopene presented the similar concentration-dependent inhibitory effect on cell proliferation. The lowest dose (5 µM) of ß-carotene and lycopene caused 12 ± 7% and 21 ± 9% inhibition, respectively, the highest dose (30 µM) resulted in a much higher and significant inhibition (35 ± 8% and 37 ± 10%) after 24 hr.  A lutein concentration of 5 µM inhibited growth by 21 ± 9% after 24 hr of incubation, whereas the highest concentration (30 µM) led to 45 ± 8% inhibition after this time (Fig. 3). 
3.2.2 Carotenoids on PCNA & Cyclin D1 expression

The inhibitory effect of carotenoids on KB cell was additionally confirmed using the immunohistochemical marker, PCNA.  PCNA/cyclin regulates the initiation of cell proliferation by mediating DNA polymerase and is elevated in the G1 and S phases of cell cycle.  Under cultural conditions, lycopene remarkably suppressed the PCNA expression KB cells in higher doses (10 M ~ 30 M) statistically.  However, -carotene and lutein presented the less inhibitory effects on PCNA expression beyond 20M.  THF did not affect PCNA expression. Determination of PCNA expression in control and treated cells demonstrates that lycopene did affect proliferation in KB cells in dose-dependent manner (Fig. 4).  Surprisingly, -carotene and lutein suppressed the cyclin D1 expression in dose-dependent manner but no in lycopene group (Fig. 5).  THF did not affect PCNA expression.  Although THF affected the cyclin D1 expression in lycopene group, the higher concentrations did not show any inhibitory effectiveness. 
3.2.3 Carotenoids on cell cycle progression


The cell cycle progression of KB cell under various carotenoids treatment was shown in Figure 6.  There were no significant differences in any concentration while treated with -carotene and lutein, however, lycopene (20M and 30M) presented the significant alteration in the phase of G0/G1 and G2/M. 
Discussion
In this study, PCNA expression obviously showed dramatic alterations in each cancer stage. Due to the cancer development process, the morphologic changes in lesions are in progressed; nevertheless, PCNA expression presented more activity in lately stages such as the transformation and translocation stages. The expression of PNCA was lower in the vitamin E and β-carotene groups than in the control, but PCNA presented overexpressed action in most of the developing cancerous lesions. The invasive and metastatic potential of carcinomas has been considered to be regulated by alterations in cell morphology and motility [17].  Compared to HE staining, there was no such difference between groups, in contrast to specific protein expression (such as PNCA and cytoskeletons), while the control showed much protein expression, especially in the late stage of cancerous cell proliferation and displayed various extents levels of tissue disorientation.

Meanwhile, PCNA expression was found not only in the lesions of papilloma, dysplasia, and squamous cell carcinoma, but also in normal basal cells and peripheral tissues. Thus, from the viewpoint of cell differentiation, some cells of the suprabasal layer had proceeded and even bypassed normal cell-cycle regulation. Cell proliferation by normal cells and squamous cell carcinoma showed little PCNA expression; the reason for this situation could have been that cancer cells released some transforming growth factors or epithelium growth factors, which stimulated irregular cell differentiation or activated some DNA excision-repair actions [5,6].  Betel quid extract (BQE) has been demonstrated to promote oral carcinogenesis, it shows strong genotoxicity, and DNA breakage may contribute to the major cause of oral carcinoma [18,19].  Thus, it is suggested that the expression of PCNA is highly correlated with the genotoxicity of DNA and hyperproliferation of buccal mucosal tissues [20].  PCNA was expressed to a greater extent in the control group than in the experimental groups in our study.  These results could imply two aspects of clinical significance: 1) some components of betel quid extract contribute to PCNA’s overexpression via genotoxicity; and 2) carotenoids attenuated the DNA-breaking process and PCNA expression, and thus may provide a chemopreventive effect against oral carcinogenesis.

The results indicated that buccal and esophageal histological symptoms (data not shown) in the mixture group were less severe compared with those of the control group. With DMBA induction, the BQE intervention indeed promoted the development of oral cancer. Carotenoids effectively inhibited the development of oral mucosal malignant tumors, especially in the lycopene and the mixture group. Compared with the esophageal and buccal mucosal pathology, there were fewer buccal mucosal tumors than esophageal mucosal tumors. However, the volume of tumors in the esophagus was smaller than that of buccal tumors. Furthermore, the buccal mucosal tumor burden was much greater than that in the esophagus. From the aspect of carotenoids preventive effect ability, the tumor number and burden in the esophagus and the buccal mucosa were the most severe in the control group. The application of carotenoids significantly inhibited the development of both esophageal and buccal tumors, especially in the mixture group.  Kozuki et al. reported the anti-invasive effects of carotenoids on rat ascites hepatoma AH109A cells [21]. Cancer cells cultured with hypoxanthine and xanthine oxidase showed highly invasive activity. β-Carotene and astaxanthin, at up to 5 M, suppressed the reactive oxygen species-potentiated invasive capacity. The results suggested that the antioxidative property of carotenoids may be involved in this anti-invasive action.
The impact of carotenoids on cell proliferation has been discussed [22-24]. Cellular micronuclei have been suggested that involved in the DNA damage and replicated as end products.  -Carotene (10 M) has been reported that indeed decreased the prevalence of micronuclei in KB cell [22].  Livny et al., (23) indicated the lower lycopene concentration (7 M) possessed the suppressed capability on KB cell proliferation.  Another study showed alternative anti-cancer actions. β-Carotene (1 M) and its derivatives (9-cis β-carotene isomers, 10 M) have suppressing effects on proliferation and gene expression in murine 10T1/2 cells and human HaCaT keratinocytes [24].  The 9-cis isomer was less active than all-trans β-carotene in reducing proliferation and in upregulating expression of connexin 43 in 10T1/2 cells and suppressing expression of keratin K1. Surprisingly, the 9-cis isomer of retinoic acid was approximately 10-fold more active in suppressing neoplastic transformation and inducing connexin 43 expression in both cell types than the all-trans.  In our study, carotenoids represented the significant inhibitory effect on the cell proliferation and showed with dose-dependent manner.  -Carotene showed the suppressive action on S phase and stayed on G1 phase of cell proliferation in fibroblasts [25].  Nahum et al., [26] also reported the lycopene suppressed the cyclin D1 expression, cyclin-dependent kinase 4 (cdk-4) activity, and retinoblastoma protein (pRb) phosphorylation of breast (MCF-7) and endometrial cancer cells. 
It is noteworthy that lycopene showed greater chemopreventive effectiveness than other carotenoids in this study, especially on PCNA expression. Cell-cell interaction via gap junctions has been considered to be a key factor in tissue homeostasis, and its alteration is associated with the neoplastic phenotype. Lycopene up-regulates both the transcription and expression of connexin 43 [27]. The report implied that the pattern of cellular uptake and incorporation into cancer KB-1 cells differed between the carotenoids.  β-Carotene was rapidly incorporated into KB-1 cells, whereas lycopene uptake into the cells took place after longer incubation periods and only at the highest concentrations.  Regarding to the change in PCNA expression correlated with the phase of the cell cycle that the agents acted upon.  In our study, although lycopene suppressed KB cell proliferation at G0/G1 phase with significant decrease of PCNA expression, -carotene and lutein possessed less inhibited effect and even elevated the cell proliferation at G2/M phase.  These results indicate that differ carotenoids presented the various suppressive ability of PCNA and cyclin D1 expression in cell proliferation.  Furthermore, with the exception of its cellular regulatory property, lycopene also demonstrated strong free radical-quenching ability. In some in vitro studies, lycopene possessed the most-powerful quenching capacity for singlet oxygen. Lycopene also showed an ability to deactivate some free radicals such as H2O2, NO2, RS and RSO2 [28]. Such potential mechanisms of the anticancer reveal the molecular regulation aspect of carotenoids may contribute the major role in these chemopreventive actions.

In conclusion, carotenoids suppressed the carcinogenesis of induced hamster oral cancer and cancer cell line by acting as a suppressor for inhibiting the expression of PCNA and cyclin D1.  The results suggested that diverse anticancer characteristics of carotenoids may involve in the cell cycle progression.
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Table 1: PCNA expression of epithelial cells treated with different carotenoids

	Treatment
	Animal
Number
	Normal epithelium
	Hyperplasia
	Dysplasia
	Papilloma
	Carcinoma

	DMBA+BQE
	7
	1.6±0.3 (0~2)
	2.6±0.7 (2~3)
	4.4±0.8 (4~5)
	3.1±0.5 (3~4)
	4.6±0.6 (4~5)

	DMBA+BQE+ Vitamin E
	6
	0.3±0.0 (0~1)*
	1.6±0.2 (1~2)*
	1.3±0.2 (1~2)*
	2.3±0.3 (2~3)*
	2.8±0.5 (2~4)*

	DMBA+BQE+ -Carotene
	7
	1.5±0.4 (0~2)
	2.1±0.2 (2~3)
	2.1±0.1 (2~3)*
	2.1±0.4 (2~3)*
	3.2±0.4 (2~4)*

	DMBA+BQE+ Lycopene
	7
	1.1±0.2 (0~2)
	2.3±0.1 (2~3)
	2.4±0.6 (2~3)*
	2.5±0.6 (2~3)
	0*

	DMBA+BQE+ Lutein
	7
	0.3±0.0 (0~1)*
	2.2±0.1 (2~3)
	2.6±0.4 (2~3)*
	3.2±0.5 (3~4)
	3.9±0.7 (2~4)

	DMBA+BQE+ Mixture
	7
	1.1±0.0 (0~2)*
	1.7±0.7 (1~3)
	2.2±0.2 (2~3)*
	2.1±0.5 (2~3)*
	0*


1. The expression and distribution of proliferating cell nuclear antigen (PCNA) were graded as five degrees (scores 1~5, a higher number indicated greater severity). Values are presented as the mean ( SD. * p<0.05 comparing to control group (DMBA+BQE).
2. The Mixture consisted of equal amounts of -carotene, lycopene, lutein, and -tocopherol.

3. ‘--‘ Indicates no carcinoma production in the group.
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Figure 1: Lesions characteristics of the control and experimental groups with H&E stain. In the control group, some lesions presented with a disordered cell arrangement, condensed chromosomes of the basal layer, and dysplasia (A, 100X); some lesions developed papilloma with hyperplasia (B, 20X); and some lesions exhibited squamous cell carcinoma with keratin overexpression (C, 20X). In the carotenoids mixture group, lesions showed less hyperplasia and more-normal tissue morphology (D, 40X).
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Figure 2.  PCNA expression of lesions. In the control group, the basal with dysplasia presented greater PCNA expression (A, 100X); some lesions developed papilloma with hyperplasia (B, 40X); and some lesions with carcinoma also showed high PCNA expression (C, 100X). In the carotenoid mixture group, PCNA was only evident in the basal layer (D, 40X).
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Figure 3.  Effect of catotenoids (β-carotene [A]; lycopene [B] and lutein [C]) on KB cell proliferation at 24h incubation. Cells were incubated in medium (control), in the presence of the carotenoid solvent tetrahydrofuran (THF) at final concentration of 0.1% (0 μM), or in the presence of 5, 10, 20, 30μM carotenoids. Results are mean ± SD, n=6.  Values were evaluated by One-Way ANOVA and the Fisher’s test. Data with different superscripts indicate significantly differ between groups, p < 0.05.
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[C] lutein
36 kDa [image: image18.png]


  PCNA
43 kDa [image: image19.png]


  β-actin
[image: image46.jpg]


 [image: image20.emf]0

50

100

150

control0 μM  5 μM 10 μM20 μM 30 μM

lutein concentration

% of control


Figure 4. Effects of catotenoids (β-carotene [A]; lycopene [B] and lutein [C]) on PCNA (36 kDa) protein expression of KB cell at 24h incubation. β-Actin (43 kDa) serves as internal control. Results are mean ± SEM, n=3. Values were evaluated by Student’s t-test. Data with “＊”indicates significantly different from 0 M group, p < 0.05. 
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Figure 5. Effects of catotenoids (β-carotene [A]; lycopene [B] and lutein [C]) on cyclin D1 (36 kDa) expression of KB cell at 24h incubation.  β-Actin (43 kDa) serves as internal control. Data with “＊”indicates significantly different from 0 M group, p < 0.05.
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Figure 6.  Effect of carotenoids ([A] -carotene, [B] lycopene and [C] lutein, on cell cycle progression of KB cell for 24 h incubation.  Data with “＊” indicates significantly different from 0 M group, p < 0.05.
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Chart1

		control		13.5434653905

		0 μM (0.1% THF)		14.3124647025

		5 μM		15.0260404687

		10 μM		10.0987348952

		20 μM		10.0360691243

		30 μM		11.4595832985



bc

c

a

a

c

b

concentration of lycopene

% of control

100

90.6624921965

78.7644691655

70.2322226227

68.0793926341

63.1339901035



4.19 day 1

																				average		SD

		control				0.985		1.058				1.129		1.195		1.111		0.993		1.0785

		%				91.3305516922		98.0992118683				104.6824293		110.8020398702		103.013444599		92.0723226704		100		7.6067135503

		0 mM (0.1% THF)		1.063				1.057		1.039				1.126		1.245

		%		98.5628187297				98.0064904961		96.3375057951				104.4042651831		115.438108484				102.5498377376		7.8210903472

		5 mM				1.212		1.1		1.11		1.004		1.166		1.248

		%				112.3783031989		101.9935095039		102.9207232267		93.0922577654		108.1131200742		115.7162726008				105.702364395		8.1383804386

		10 mM		0.92		1.134		1.06		1.034		1.022		1.038		1.137		0.927

		%		85.3036624942		105.1460361613		98.2846546129		95.8738989337		94.7612424664		96.2447844228		105.4242002782		85.9527121001		95.8738989337		7.5074052443

		20 mM		1.133				1.098		1.08		1.214		1.023		1.297		1.017

		%		105.0533147891				101.8080667594		100.1390820584		112.5637459434		94.8539638387		120.2596198424		94.297635605		104.1393469766		9.4532502522

		30 mM		1.145		1.265						1.041		1.045		1.245

		%		106.1659712564		117.2925359295						96.5229485396		96.8938340287		115.438108484				106.4626796477		9.8525784281

				average		SD

		control		100		7.6067135503

		0 mM (0.1% THF)		102.5498377376		7.8210903472

		5 mM		105.702364395		8.1383804386

		10 mM		95.8738989337		7.5074052443

		20 mM		104.1393469766		9.4532502522

		30 mM		106.4626796477		9.8525784281





4.19 day 1

		0		7.6067135503

		0		7.8210903472

		0		8.1383804386

		0		7.5074052443

		0		9.4532502522

		0		9.8525784281



b

ab

b

b

b

c

bc

b

a



4.29 day 1

																				average		SD

		control		1.777		1.457		1.615		1.455		1.492		1.39		1.497		1.729		1.5515

		%		114.5343216242		93.9091202063		104.0928134064		93.7802126974		96.1650016113		89.5907186594		96.4872703835		111.4405414115		100		9.0243148155

		0 mM (0.1% THF)		1.984		1.808		1.844		1.615		1.846		1.509		1.599		2.055

		%		127.8762487915		116.5323880116		118.8527231711		104.0928134064		118.98163068		97.2607154367		103.0615533355				112.3797246904		11.0072506463

		1 mM		1.925		1.492		1.604		1.219		1.431		1.295		1.405		1.741

		%		124.0734772801		96.1650016113		103.3838221076		78.5691266516		92.233322591		83.4676119884		90.5575249758		112.2139864647		97.5829842088		15.0722986878

		5 mM		1.898		1.511		1.429		1.285		1.469		1.081		1.355		1.831

		%		122.3332259104		97.3896229455		92.1044150822		82.8230744441		94.6825652594		69.6745085401		87.3348372543		118.0148243635		95.5446342249		17.4725196314

		10 mM		2.144		2.024		1.793		1.496		1.819		1.428		1.584		1.882

		%						115.5655816951		96.4228166291		117.2413793103		92.0399613277		102.094747019		121.3019658395		107.4444086368		12.1766772525

		20 mM		1.348		0.957		0.169		0.159		1.499		1.015		1.154		1.282

		%		86.8836609733		61.6822429907						96.6161778924		65.4205607477		74.3796326136		82.6297131808		77.9353313997		13.3004451753

		30 mM		0.842		0.18		0.173		0.165		0.204		1.295		0.239		1.647

		%		54.2700612311										83.4676119884				106.1553335482		81.2976689225		26.0106105376

				average		SD

		control		100		9.0243148155

		0 mM (0.1% THF)		112.3797246904		11.0072506463

		5 mM		95.5446342249		17.4725196314

		10 mM		107.4444086368		12.1766772525

		20 mM		77.9353313997		13.3004451753

		30 mM		81.2976689225		26.0106105376





4.29 day 1

		0		9.0243148155

		0		11.0072506463

		0		17.4725196314

		0		12.1766772525

		0		13.3004451753

		0		26.0106105376



b

ab

b

b

b

c

bc

b

a



6.2 day 1 (1)

																		average		SD

		control		1.62		1.408		0.655		0.604		0.899		1.005				1.0318333333

		%		157.0020998223		136.4561460184		63.479244064		58.5365853659		87.1264739137		97.3994508157				100		39.506356106

		0 mM (0.1% THF)		1.476		1.251		1.216		1.515		1.374		1.136

		%		143.0463576159		121.2405104183		117.8484897432		146.8260377968		133.1610402197		110.0952996285				128.7029559037		14.6547342934

		5 mM		0.927		1.12		1.182		1.133		1.052		1.029		0.794

		%		89.8400904539		108.5446616056		114.5533839444		109.8045549992		101.9544500081		99.7254078501		76.9504118882		100.1961372499		13.0324900791

		10 mM		0.911		0.965		1.122		1.268		1.317		1.404		1.124

		%		88.2894524309		93.5228557584		108.7384913584		122.8880633177		127.636892263		136.0684865127		108.9323211113		112.2966518218		17.6322685583

		20 mM		1.205		1.187		1.243		1.435		1.308		0.758		0.845

		%		116.7824261024		115.0379583266		120.4651914069		139.0728476821		126.7646583751		73.4614763366		81.8930705863		110.4968041166		23.9113720997

		30 mM		0.178		1.14		0.986		1.18		1.045		1.232		1.029

		%				110.4829591342		95.5580681635		114.3595541916		101.276045873		119.3991277661		99.7254078501		106.8001938298		9.3423125885

				average		SD

		control		100		39.506356106

		0 μM (0.1% THF)		128.7029559037		14.6547342934

		5 μM		100.1961372499		13.0324900791

		10 μM		112.2966518218		17.6322685583

		20 μM		110.4968041166		23.9113720997

		30 μM		106.8001938298		9.3423125885





6.2 day 1 (1)

		0		39.506356106

		0		14.6547342934

		0		13.0324900791

		0		17.6322685583

		0		23.9113720997

		0		9.3423125885



a

a

b

b

b

b

concentration of lutein

% of control



6.2 day 1 (3)

																		average		SD

		control		0.745		0.907		1.007		1.088		1.098		1.066				0.9851666667

		%		75.6217222128		92.0656403316		102.2162070716		110.4381661309		111.4532228049		108.2050414481				100		13.9256626052

		0 mM (0.1% THF)		1.227		1.504		1.198		1.247		1.304		1.124

		%		124.5474538995		152.6645237692		121.6037895449		126.5775672475		132.3633902893		114.0923701573				128.641515818		13.2150347548

		5 mM		0.828		0.909		0.851		1.095		1.084		0.839		1.107

		%		84.046692607		92.2686516664		86.3813229572		111.1487058027		110.0321434613		85.1632549484		112.3667738115		97.3439350364		13.2184908514

		10 mM		0.941		0.96		0.83		0.957		0.946		1.246		1.391

		%		95.5168330232		97.4454407038		84.2497039418		97.1409237016		96.0243613602		126.4760615801		141.1943833531		105.4353868091		20.3708593069

		20 mM		0.853		0.963		1.001		1.303		0.989		1.047		1.148

		%		86.584334292		97.749957706		101.6071730672		132.2618846219		100.3891050584		106.2764337676		116.5285061749		105.9139135268		14.6990414023

		30 mM		0.88		1.041		1.131		0.977		0.809		0.621		1.013

		%		89.3249873118		105.6673997632		114.8029098291		99.1710370496		82.1180849264		63.0350194553		102.825241076		93.8492399159		17.2974966791

				average		SD

		control		100		13.9256626052

		0 μM (0.1% THF)		128.641515818		13.2150347548

		5 μM		97.3439350364		13.2184908514

		10 μM		105.4353868091		20.3708593069

		20 μM		105.9139135268		14.6990414023

		30 μM		93.8492399159		17.2974966791





6.2 day 1 (3)

		0		13.9256626052

		0		13.2150347548

		0		13.2184908514

		0		20.3708593069

		0		14.6990414023

		0		17.2974966791



a

a

b

b

b

b

concentration of lutein

% of control



6.4 day 1

																		average		SD

		control								0.58		0.773		0.792				0.715

		%								81.1188811189		108.1118881119		110.7692307692				100		16.405421517

		0 mM (0.1% THF)		0.752		0.64		0.923		0.873		1.071		0.968

		%		105.1748251748		89.5104895105		129.0909090909		122.0979020979		149.7902097902		135.3846153846				121.8414918415		21.634409243

		5 mM		0.619		0.581		0.642		0.409		0.416		0.467		0.381

		%		86.5734265734		81.2587412587		89.7902097902		57.2027972028		58.1818181818		65.3146853147		53.2867132867		70.2297702298		15.2613046271

		10 mM		1.012		0.626		0.757		0.772		0.409		0.442		0.433

		%		141.5384615385		87.5524475524		105.8741258741		107.972027972		57.2027972028		61.8181818182		60.5594405594		88.9310689311		31.5325356432

		20 mM		0.932		0.787		0.63		0.54		0.54		0.53		0.675

		%		130.3496503497		110.0699300699		88.1118881119		75.5244755245		75.5244755245		74.1258741259		94.4055944056		92.5874125874		21.1269068867

		30 mM		0.427		0.602		0.687		0.758		0.84		0.658		0.809

		%		59.7202797203		84.1958041958		96.0839160839		106.013986014		117.4825174825		92.027972028		113.1468531469		95.5244755245		19.6873536892

				average		SD

		control		100		16.405421517

		0 μM (0.1% THF)		121.8414918415		21.634409243

		5 μM		70.2297702298		15.2613046271

		10 μM		88.9310689311		31.5325356432

		20 μM		92.5874125874		21.1269068867

		30 μM		95.5244755245		19.6873536892





6.4 day 1

		0		16.405421517

		0		21.634409243

		0		15.2613046271

		0		31.5325356432

		0		21.1269068867

		0		19.6873536892



a

a

b

b

b

b

concentration of lutein

% of control



6.13 day 1

																		average		SD

		control		1.301		1.065		1.388		1.101		1.148		1.229				1.2053333333

		%		107.9369469027		88.357300885		115.1548672566		91.3440265487		95.2433628319		101.9634955752				100		10.2919809444

		0 mM (0.1% THF)		1.885		1.816		1.814		1.694		1.155		1.108

		%		156.3882743363		150.6637168142		150.4977876106		140.5420353982		95.8241150442		91.9247787611				130.9734513274		29.2118193965

		5 mM		1.178		1.1184		1.286		1.111		0.943		1.03		1.187

		%		97.732300885		92.7876106195		106.6924778761		92.1736725664		78.235619469		85.453539823		98.4789823009		93.0791719343		9.2692854065

		10 mM		0.948		1.563		1.473		1.26		1.051		1.373		1.172

		%		78.6504424779		129.6736725664		122.2068584071		104.5353982301		87.1957964602		113.9103982301		97.2345132743		104.7724399494		18.5099355749

		20 mM		0.912		0.939		1.068		1.065		1.34		1.469		1.52

		%		75.6637168142		77.9037610619		88.6061946903		88.357300885		111.1725663717		121.875		126.1061946903		98.5263906448		20.8787942278

		30 mM		1.189		1.857		1.894		1.778		1.813		1.963		1.703

		%		98.6449115044		154.0652654867		157.1349557522		147.5110619469		150.4148230088		162.8595132743		141.2887168142		144.5598925411		21.3901696053

				average		SD

		control		100		10.2919809444

		0 μM (0.1% THF)		130.9734513274		29.2118193965

		5 μM		93.0791719343		9.2692854065

		10 μM		104.7724399494		18.5099355749

		20 μM		98.5263906448		20.8787942278

		30 μM		144.5598925411		21.3901696053





6.13 day 1

		0		10.2919809444

		0		29.2118193965

		0		9.2692854065

		0		18.5099355749

		0		20.8787942278

		0		21.3901696053



a

a

b

b

b

b

concentration of lutein

% of control



5.25 day 1

																		average		SD

		control		0.977		0.876		1.075		0.978		0.911		1.114				0.9885

		%		98.8366211431		88.6191198786		108.7506322711		98.937784522		92.1598381386		112.6960040465				100		9.3277170358

		0 mM (0.1% THF)		0.932		0.893		1.075		0.911		0.732		0.14

		%		94.2842690946		90.3388973192		108.7506322711		92.1598381386		74.0515933232						91.9170460293		12.3561449546

		5 mM		0.886		0.775		0.82		0.697		0.834		0.199		0.67

		%		89.6307536672		78.4016186141		82.9539706626		70.5108750632		84.3702579666				67.7794638341		78.9411566346		8.4355134667

		10 mM		0.542		0.149		0.542		0.681		0.749		0.667		0.903

		%		54.8305513404				54.8305513404		68.8922610015		75.7713707638		67.4759736975		91.3505311077		68.8585398752		13.777942165

		20 mM		0.533		0.68		0.738		0.825		0.85		0.657		0.589

		%		53.9200809307		68.7910976227		74.6585735964		83.4597875569		85.9888720283		66.464339909		59.5852301467		70.4097116844		11.8203971854

		30 mM		0.755		0.669		0.751		0.657		0.699		0.693		0.36

		%		76.3783510369		67.6783004552		75.9736975215		66.464339909		70.7132018209		70.1062215478		36.4188163885		66.24756124		13.6864279559

				average		SD

		control		100		9.3277170358

		0 μM (0.1% THF)		91.9170460293		12.3561449546

		5 μM		78.9411566346		8.4355134667

		10 μM		68.8585398752		13.777942165

		20 μM		70.4097116844		11.8203971854

		30 μM		66.24756124		13.6864279559





5.25 day 1

		0		9.3277170358

		0		12.3561449546

		0		8.4355134667

		0		13.777942165

		0		11.8203971854

		0		13.6864279559



a

ab

bc

c

c

c

concentration of lutein

% of control



6.2 day 1 (2)

																		average		SD

		control		0.931		1.119		1.547		1.448		1.202		1.309				1.2593333333

		%		73.928004235		88.8565378507		122.8427739545		114.9814716781		95.4473266278		103.9438856538				100		17.812600014

		0 mM (0.1% THF)		1.355		1.069		0.903		1.1		1.076		0.943

		%		107.596611964		84.8861831657		71.7046056114		87.3478030704		85.4420328216		74.8808893594				85.3096876654		12.6088530184

		5 mM		0.794		0.989		0.758		0.86		0.941		1.49		1.098

		%		63.0492323981		78.5336156697		60.1905770249		68.2901005823		74.722075172		118.3165696136		87.188988883		78.6130227634		19.8042310542

		10 mM		1.007		0.955		0.964		0.794		0.824		0.917		0.834

		%		79.9629433563		75.8337744839		76.5484383272		63.0492323981		65.4314452091		72.8163049232		66.2255161461		71.4096649777		6.5016444977

		20 mM		0.796		0.807		0.793		0.804		0.728		0.818		1.05

		%		63.2080465855		64.0815246162		62.9698253044		63.8433033351		57.8083642139		64.9550026469		83.3774483854		65.7490735839		8.1141720783

		30 mM		0.839		0.75		0.707		0.62		0.672		0.757		0.946

		%		66.6225516146		59.5553202753		56.1408152462		49.2323980942		53.3615669666		60.1111699312		75.1191106406		60.020418967		8.6367068148

				average		SD

		control		100		17.812600014

		0 μM (0.1% THF)		85.3096876654		12.6088530184

		5 μM		78.6130227634		19.8042310542

		10 μM		71.4096649777		6.5016444977

		20 μM		65.7490735839		8.1141720783

		30 μM		60.020418967		8.6367068148





6.2 day 1 (2)

		0		17.812600014

		0		12.6088530184

		0		19.8042310542

		0		6.5016444977

		0		8.1141720783

		0		8.6367068148



a

ab

b

bc

c

c

concentration of lutein

% of control



525+602

		24 h																														mean		SD

		control		98.8366211431		88.6191198786		108.7506322711		98.937784522		92.1598381386		112.6960040465				73.928004235		88.8565378507		122.8427739545		114.9814716781		95.4473266278		103.9438856538				100		13.5434653905

		0 μM (0.1% THF)		94.2842690946		90.3388973192		108.7506322711		92.1598381386		74.0515933232		116.5065502183				107.596611964		84.8861831657		71.7046056114		87.3478030704		85.4420328216		74.8808893594				90.6624921965		14.3124647025

		5 μM		89.6307536672		78.4016186141		82.9539706626		70.5108750632		84.3702579666				67.7794638341		63.0492323981		78.5336156697		60.1905770249		68.2901005823		74.722075172		118.3165696136		87.188988883		78.7644691655		15.0260404687

		10 μM		54.8305513404				54.8305513404		68.8922610015		75.7713707638		67.4759736975		91.3505311077		79.9629433563		75.8337744839		76.5484383272		63.0492323981		65.4314452091		72.8163049232		66.2255161461		70.2322226227		10.0987348952

		20 μM		53.9200809307		68.7910976227		74.6585735964		83.4597875569		85.9888720283		66.464339909		59.5852301467		63.2080465855		64.0815246162		62.9698253044		63.8433033351		57.8083642139		64.9550026469		83.3774483854		68.0793926341		10.0360691243

		30 μM		76.3783510369		67.6783004552		75.9736975215		66.464339909		70.7132018209		70.1062215478		36.4188163885		66.6225516146		59.5553202753		56.1408152462		49.2323980942		53.3615669666		60.1111699312		75.1191106406		63.1339901035		11.4595832985





525+602

		0		13.5434653905

		0		14.3124647025

		0		15.0260404687

		0		10.0987348952

		0		10.0360691243

		0		11.4595832985



bc

c

a

a

c

b

concentration of lycopene

% of control



		0		13.5434653905

		0		14.3124647025

		0		15.0260404687

		0		10.0987348952

		0		10.0360691243

		0		11.4595832985



b

c

a

a

c

b
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Chart1

		SubG0		SubG0		SubG0		SubG0		SubG0		SubG0		1.153964182		1.1494201437		0.9443516294		0.3009983389		0.4255192906		0.3035347317

		G0/G1		G0/G1		G0/G1		G0/G1		G0/G1		G0/G1		2.8536102864		2.4530440273		4.5436292396		3.0997024947		5.9447476818		3.1415534904

		S		S		S		S		S		S		1.7867941497		2.0232811635		2.0299322649		0.9779911383		1.7320387794		2.3366500237

		G2/M		G2/M		G2/M		G2/M		G2/M		G2/M		3.6760066648		3.5293153255		4.9829801993		1.9804769347		5.114113641		1.7837974474



control

0 μM (0.1% THF)

5 μM

10 μM

20 μM

30 μM

%

0.76

0.83

0.74

1.11

1.455

1.6633333333

71.6575

74.2375

70.4466666675

70.985

72.6625

72.5025

10.32

8.7625

10.2

10.5125

9.74

9.415

17.56

16.4425

18.9266666675

17.7325

16.46

14.7075



Sheet1

		3月23日		control		0 μM (0.1% THF)		5 μM		10 μM		20 μM		30 μM

		M1		1.19		1.43		0.74		2.47		3.11		2.95

		M2		69.12		81.8		70.44666667		75.25		73.94		76.42

		M3		13.4		7.77		10.2		11.32		11.72		9.56

		M4		16.59		9.21		18.92666667		11.24		11.67		11.21

		3月31日

		M1		0.75		0.69		0.47		0.4		1.17

		M2		74.88		75.31		74.11		71.81		74.21		71.64

		M3		8.54		7.29		9.43		7.79		7.11		6.9

		M4		16.16		16.94		16.31		20.23		17.78		12.08

		4月14日

		M1		0.59		0.77		0.59		1.02		1.09		1.32

		M2		73.82		72.2		70.7		72.32		73.49		72.33

		M3		8.47		8.81		9.59		10.36		9.28		10.14

		M4		17.36		18.54		19.37		16.72		16.37		16.62

		4月16日

		M1		0.51		0.43		1.16		0.55		0.45		0.72

		M2		68.81		67.64		66.53		64.56		69.01		69.62

		M3		10.87		11.18		11.58		12.58		10.85		11.06

		M4		20.13		21.08		21.1		22.74		20.02		18.92

		d1

		Mean

		SubG0		0.76		0.83		0.74		1.11		1.455		1.6633333333

		G0/G1		71.6575		74.2375		70.4466666675		70.985		72.6625		72.5025

		S		10.32		8.7625		10.2		10.5125		9.74		9.415

		G2/M		17.56		16.4425		18.9266666675		17.7325		16.46		14.7075

		SD

		M1		0.3035347317		0.4255192906		0.3009983389		0.9443516294		1.1494201437		1.153964182

		M2		3.1415534904		5.9447476818		3.0997024947		4.5436292396		2.4530440273		2.8536102864

		M3		2.3366500237		1.7320387794		0.9779911383		2.0299322649		2.0232811635		1.7867941497

		M4		1.7837974474		5.114113641		1.9804769347		4.9829801993		3.5293153255		3.6760066648





Sheet1

		0		0		0		0		0		0		1.153964182		1.1494201437		0.9443516294		0.3009983389		0.4255192906		0.3035347317

		0		0		0		0		0		0		2.8536102864		2.4530440273		4.5436292396		3.0997024947		5.9447476818		3.1415534904

		0		0		0		0		0		0		1.7867941497		2.0232811635		2.0299322649		0.9779911383		1.7320387794		2.3366500237

		0		0		0		0		0		0		3.6760066648		3.5293153255		4.9829801993		1.9804769347		5.114113641		1.7837974474
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Chart2

		Sub G0		Sub G0		Sub G0		Sub G0		Sub G0		Sub G0		0.3544479275		0.1466003638		0.3341656276		0.1520964606		0.1170113955		0.1975685535

		G0/G1		G0/G1		G0/G1		G0/G1		G0/G1		G0/G1		1.7032420067		2.4663603413		1.6570857954		1.128627485		1.6171451182		1.9013043768

		S		S		S		S		S		S		3.0325951483		2.2047883496		0.9308419128		1.8215995718		1.1320335684		0.602570881

		G2/M		G2/M		G2/M		G2/M		G2/M		G2/M		1.6909267676		1.7810741141		1.0522990703		2.0544342287		1.6322658076		1.7808705736



control

0 μM (0.1% THF)

5 μM

10 μM

20 μM

30 μM

%

0.8333333333

0.8525

0.82

0.73

0.8775
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72.3233333333
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68.6625

68.3875

11.6933333333
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KB with beta-carotene

		d1(第一次)		control		0 μM (0.1% THF)		5 μM		10 μM		20 μM		30 μM						control		0 μM (0.1% THF)		5 μM		10 μM		20 μM		30 μM						control		0 μM (0.1% THF)		5 μM		10 μM		20 μM		30 μM						control		0 μM (0.1% THF)		5 μM		10 μM		20 μM		30 μM

		M1		0.58		0.66		0.71		0.7		0.86		0.96

		M2		64.77		65.46		69.42		74.73		75.95		69.08

		M3		13.12		14.35		12.22		9.42		7.94		9.12

		M4		19.52		17.52		16.18		13.71		13.95		18.86

		d1(3/2)-1																d2(3/2)-1																d3(3/2)-1

		M1		0.83				0.66		0.26		0.38		0.34				M1		0.64		0.78		1.8		1.28		1.08		0.55				M1		6.83		8.5		6.37		3.7		7.59		4.49

		M2		76.61				82.88		84.01		79.68		81.11				M2		73.51		77.13		80.13		85.29		84.87		82.31				M2		72.45		71.26		74.42		75.67		77.93		81.86

		M3		12.14				8.45		7.88		10.47		7.82				M3		16.41		17.1		14.53		11.66		12.46		11.18				M3		15.42		14.08		13		12.31		12.03		10.97

		M4		10.37				8.06		7.93		9.55		10.74				M4		9.82		5.19		3.46		1.32		1.56		6.07				M4		5.76		6.52		6.69		8.7		1.54		1.85

		d1(3/2)-2																d2(3/2)-2																d3(3/2)-2

		M1		0.3						0.4		0.89		0.36				M1		1.07		1.19		0.56		0.94		1.26		0.76				M1		12.22		6.55		5.79		10.4		9.59		2.07

		M2		78.65						83.58		79.9		79.17				M2		72.92		76.32		76.78		84.4		77.73		83.27				M2		69.58		71.23		75.03		75.1		77.45		81.16

		M3		12.1						8.17		14.29		9.47				M3		15.85		16.12		12.09		11.63		12.04		10.62				M3		12.59		14.7		12.74		11.2		10.03		14.82

		M4		9.07						7.88		5.22		11.08				M4		10.26		6.68		10.78		2.72		9.08		5.38				M4		6.14		7.93		6.8		3.25		1.25		1.83

		d1(3/10)																d2(3/??)																d3(3/??)

		M1		2.69		0.64		4.34		1.92		2		1.08				M1		3.44				1.25		3.43		4.07		3.17				M1		11.67				12.55		11.8		11.86		9.99

		M2		69.25		69.68		70.88		67.49		70.78		72.52				M2		69.83				68.81		69.75		69.16		69.98				M2		59.42				66.55		66.73		57.45		66.33

		M3		18.41		20.74		16.75		17.6		15.26		17.2				M3		20.09				21.06		19.98		15.2		19.24				M3		22.59				17.61		17.65		21.91		18.35

		M4		10.18		9.19		8.41		13.41		12.46		9.67				M4		6.97				9.23		7.16		12		9.01				M4		6.87				3.93		4.39		9.36		5.88

		d1(3/23)																																d3(3/23)																d5(3/23)

		M1		1.19		1.43		0.61		2.17		4.71		5.17																				M1		17.7		4.54		15.8		15.54		20.96		17.17				M1		42.43		18.04		28.25		26.61		25.96		26.57

		M2		69.12		81.8		68.78		77.33		74.19		73.22																				M2		63.19		77.26		67.68		68.53		63.46		68.81				M2		41.4		63.31		38.34		39.66		44.62		44.73

		M3		13.4		7.77		13.09		9.33		9.26		8.68																				M3		11.83		9.57		10.35		10.17		10.59		8.8				M3		11.12		8.38		9.66		8.06		9.59		8.88

		M4		16.59		9.21		17.87		11.39		11.98		13.13																				M4		7.59		9		6.58		6.21		5.53		5.68				M4		5.53		8.86		8.14		7.41		8.31		7.93

		d1

		M1				0.81		0.79		0.75		0.72		0.63

		M2				70.98		71.72		70.34		70.27		71.36

		M3				12.9		10.88		10.09		10.33		10.6

		M4				15.02		16.24		18.36		18.33		17.13

		d1

		M1		0.84				0.49		1		0.53		0.54

		M2		71.23				68.88		69.89		71.57		71.8

		M3		20.9				12.43		10.51		14.49		13.59

		M4		7.14				18.39		18.63		13.54		14.12

		d1

		M1		0.59		0.77		1.07		0.59		1.09		0.93

		M2		73.82		72.2		7..83		70.7		73.49		71.99

		M3		8.47		8.81		8.32		9.59		9.28		9.52

		M4		17.36		18.54		6.95		19.37		16.37		17.81

		d1																d2																d3

		Mean																Mean																Mean

		Sub G0		1.0028571429		0.862		1.2385714286		0.97375		1.3975		1.25125				M1		1.7166666667		0.985		1.2033333333		1.8833333333		2.1366666667		1.4933333333				M1		12.105		6.53		10.1275		10.36		12.5		8.43

		G0/G1		71.9214285714		72.024		72.0933333333		74.75875		74.47875		73.78125				M2		72.0866666667		76.725		75.24		79.8133333333		77.2533333333		78.52				M2		66.16		73.25		70.92		71.5075		69.0725		74.54

		S		14.0771428571		12.914		11.7342857143		10.32375		11.415		10.75				M3		17.45		16.61		15.8933333333		14.4233333333		13.2333333333		13.68				M3		15.6075		12.7833333333		13.425		12.8325		13.64		13.235

		G2/M		12.89		13.896		13.1571428571		13.835		12.675		14.0675				M4		9.0166666667		5.935		7.8233333333		3.7333333333		7.5466666667		6.82				M4		6.59		7.8166666667		6		5.6375		4.42		3.81

		SD																SD																SD

		Sub G0		0.8660484975		0.3255303365		1.4672650295		0.7568795589		1.4923966025		1.7084272913				M1		1.5078571993		0.2899137803		0.6213158081		1.3501975164		1.6767329344		1.4558273707				M1		4.4471751333		1.9800757561		4.8641023495		4.941767565		5.9035977731		6.7030938131

		G0/G1		5.2327570808		6.0264317801		5.7884263837		6.5250717931		3.8698443429		4.3830539473				M2		1.9764699171		0.5727564928		5.8150064488		8.7264559435		7.8658396458		7.4114168686				M2		5.9304018976		3.472794264		4.4248013138		4.5432174722		10.2505361648		8.1167275836

		S		3.2090933299		5.1626572615		3.1725158261		3.3152863842		2.7400417098		3.1398187694				M3		2.3033888078		0.6929646456		4.6378047968		4.8122378716		1.7160808062		4.8232354286				M3		4.9045990322		2.8000416664		3.0342324675		3.3284268056		5.5773231333		4.2219624189

		G2/M		4.4811668867		4.4740507373		4.966563198		4.5521533366		4.3401744534		3.7984031733				M4		1.7860664415		1.053589104		3.8574127772		3.049021701		5.3862541096		1.9277188592				M4		0.8103085832		1.2438783435		1.3829196168		2.3778894704		3.8287944143		2.276239589





KB with beta-carotene

		0		0		0		0		0		0		0.8660484975		0.3255303365		1.4672650295		0.7568795589		1.4923966025		1.7084272913

		0		0		0		0		0		0		5.2327570808		6.0264317801		5.7884263837		6.5250717931		3.8698443429		4.3830539473

		0		0		0		0		0		0		3.2090933299		5.1626572615		3.1725158261		3.3152863842		2.7400417098		3.1398187694

		0		0		0		0		0		0		4.4811668867		4.4740507373		4.966563198		4.5521533366		4.3401744534		3.7984031733



control

0 μM (0.1% THF)

5 μM

10 μM

20 μM

30 μM



KB with extract lutein

		0		0		0		0		0		0		1.5078571993		0.2899137803		0.6213158081		1.3501975164		1.6767329344		1.4558273707

		0		0		0		0		0		0		1.9764699171		0.5727564928		5.8150064488		8.7264559435		7.8658396458		7.4114168686

		0		0		0		0		0		0		2.3033888078		0.6929646456		4.6378047968		4.8122378716		1.7160808062		4.8232354286

		0		0		0		0		0		0		1.7860664415		1.053589104		3.8574127772		3.049021701		5.3862541096		1.9277188592



KB with beta-carotene, d2



KB with pure lutein

		0		0		0		0		0		0		4.4471751333		1.9800757561		4.8641023495		4.941767565		5.9035977731		6.7030938131

		0		0		0		0		0		0		5.9304018976		3.472794264		4.4248013138		4.5432174722		10.2505361648		8.1167275836

		0		0		0		0		0		0		4.9045990322		2.8000416664		3.0342324675		3.3284268056		5.5773231333		4.2219624189

		0		0		0		0		0		0		0.8103085832		1.2438783435		1.3829196168		2.3778894704		3.8287944143		2.276239589



KB with beta-carotene, d3



KB with lutein

		69.58

		71.23

		75.03

		75.1

		77.45

		81.16



d3 (3/2)-1

72.45

71.26

74.42

75.67

77.93

81.86

d3 (3/2)-2



KB with lycopene

		59.42

		66.55

		66.73

		57.45

		66.33



d3 (3/??)



		63.19

		77.26

		67.68

		68.53

		63.46

		68.81



d3 (3/23)



		41.4

		63.31

		38.34

		39.66

		44.62

		44.73



d5



		3"月"23"日"		control		0 μM (0.1% THF)		1 μM		2 μM		5 μM		10 μM		15 μM		20 μM		25 μM		30 μM

		M1		1.19		1.43		1.21		6.08				2.47				3.11		4		2.95

		M2		69.12		81.8		78.06		74.87				75.25				73.94		76.08		76.42

		M3		13.4		7.77		9.45		8.5				11.32				11.72		8.92		9.56

		M4		16.59		9.21		11.55		10.55				11.24				11.67		11.13		11.21

		3"月"31"日"

		M1		0.75		0.69		0.6		0.72		0.47		0.4		0.67		1.17

		M2		74.88		75.31		76.88		75.4		74.11		71.81		73.03		74.21				71.64

		M3		8.54		7.29		12.58		11.07		9.43		7.79		7.93		7.11				6.9

		M4		16.16		16.94		10.36		13.19		16.31		20.23		18.69		17.78				12.08

		4"月"14"日"

		M1		0.59		0.77				1.07		0.59		1.02		0.55		1.09		0.93		1.32

		M2		73.82		72.2				73.83		70.7		72.32		72.46		73.49		71.99		72.33

		M3		8.47		8.81				8.32		9.59		10.36		9.44		9.28		9.52		10.14

		M4		17.36		18.54				16.95		19.37		16.72		17.81		16.37		17.81		16.62

		4"月"16"日"

		M1		0.51		0.43		0.95				1.16		0.55		0.56		0.45		0.88		0.72

		M2		68.81		67.64		66.83				66.53		64.56		65.52		69.01		69.66		69.62

		M3		10.87		11.18		11.66				11.58		12.58		11.75		10.85		11.32		11.06

		M4		20.13		21.08		20.91				21.1		22.74		22.58		20.02		18.45		18.92

		2004/5/

		M1				0.81						0.69		0.86				0.61				0.59

		M2				70.98						71.84		71.88				71.37				70.98

		M3				12.9						10.58		10.6				11.03				11.63

		M4				15.02						16.8		16.42				16.96				16.59

		d1

		Mean

		Sub G0		0.76		0.826		0.92		2.6233333333		0.7275		1.06		0.5933333333		1.286		1.9366666667		1.395

		G0/G1		71.6575		73.586		73.9233333333		74.7		70.795		71.164		70.3366666667		72.404		72.5766666667		72.198

		S		10.32		9.59		11.23		9.2966666667		10.295		10.53		9.7066666667		9.998		9.92		9.858

		G2/M		17.56		16.158		14.2733333333		13.5633333333		18.395		17.47		19.6933333333		16.56		15.7966666667		15.084

		SD

		Sub G0		0.3035347317		0.3686190445		0.3061045573		2.9986719283		0.3020347662		0.825439277		0.0665832812		1.0647441007		1.7870739586		1.0843277487

		G0/G1		3.1415534904		5.3504467103		6.1712748548		0.7986864216		3.1770269121		3.9552029025		4.1810804026		2.2016312134		3.2499589741		2.5633805804

		S		2.3366500237		2.3819634758		1.6086951234		1.5383866007		0.9962764007		1.7584083712		1.9239109474		1.8447411743		1.2489995997		1.8373132558

		G2/M		1.7837974474		4.4744072233		5.778237909		3.2162918607		2.2478804832		4.3551234196		2.5383524841		3.0646451671		4.0541008045		3.2929515636





		1



d1(3/23)



		1



d3 (3/23)



		0		0		0		0		0		0		0.3035347317		0.3686190445		0.3020347662		0.825439277		1.0647441007		1.0843277487

		0		0		0		0		0		0		3.1415534904		5.3504467103		3.1770269121		3.9552029025		2.2016312134		2.5633805804

		0		0		0		0		0		0		2.3366500237		2.3819634758		0.9962764007		1.7584083712		1.8447411743		1.8373132558

		0		0		0		0		0		0		1.7837974474		4.4744072233		2.2478804832		4.3551234196		3.0646451671		3.2929515636





		d1		control		0 μM (0.1% THF)		5 μM		10 μM		20 μM		30 μM

		M1				0.81		0.69		0.86		0.61		0.59

		M2				70.98		71.84		71.88		71.37		70.98

		M3				12.9		10.58		10.6		11.03		11.63

		M4				15.02		16.8		16.42		16.96		16.59

		d1

		M1		0.59		0.77		0.55		0.56		0.88		0.72

		M2		73.82		72.2		64.56		65.52		69.66		69.62

		M3		8.47		8.81		12.58		11.75		11.32		11.06

		M4		17.36		18.54		22.74		22.58		18.45		18.92

		d1

		M1		1.24		0.76		0.87		1.33		0.97		0.97

		M2		72.68		72.38		72.43		70.84		71.38		71.36

		M3		12.12		11.24		12		11.94		10.29		12.65

		M4		14.24		15.77		15.03		16.13		17.46		15.12

		d1

		Mean

		Sub G0		0.915		0.78		0.7033333333		0.9166666667		0.82		0.76

		G0/G1		73.25		71.8533333333		69.61		69.4133333333		70.8033333333		70.6533333333

		S		10.295		10.9833333333		11.72		11.43		10.88		11.78

		G2/M		15.8		16.4433333333		18.19		18.3766666667		17.6233333333		16.8766666667

		SD

		Sub G0		0.4596194078		0.0264575131		0.1604161255		0.3881151032		0.18734994		0.1931320792

		G0/G1		0.8061017306		0.7616648432		4.3833662863		3.4115880955		0.9901683359		0.9148406054

		S		2.5809397513		2.0570448059		1.0289800776		0.7250517223		0.531130869		0.8055432949

		G2/M		2.2061731573		1.8540855788		4.0385764819		3.6430801986		0.7583095234		1.9161506552





		0		0		0		0		0		0		0.4596194078		0.0264575131		0.1604161255		0.3881151032		0.18734994		0.1931320792

		0		0		0		0		0		0		0.8061017306		0.7616648432		4.3833662863		3.4115880955		0.9901683359		0.9148406054

		0		0		0		0		0		0		2.5809397513		2.0570448059		1.0289800776		0.7250517223		0.531130869		0.8055432949

		0		0		0		0		0		0		2.2061731573		1.8540855788		4.0385764819		3.6430801986		0.7583095234		1.9161506552



control

0 μM (0.1% THF)

5 μM

10 μM

20 μM

30 μM



		41.4

		63.31

		38.34

		39.66

		44.62

		44.73



G0/G1

concentration of b-carotene

%

0

0.8061017306

0

0.7616648432

0

4.3833662863

0

3.4115880955

0

0.9901683359

0

0.9148406054

d5



		0		2.5809397513

		0		2.0570448059

		0		1.0289800776

		0		0.7250517223

		0		0.531130869

		0		0.8055432949



S

concentration of b-carotene

%



		3"月"23"日"		control		0 μM (0.1% THF)		5 μM		10 μM		20 μM		30 μM

		M1		1.19		1.43				2.47		3.11		2.95

		M2		69.12		81.8				75.25		73.94		76.42

		M3		13.4		7.77				11.32		11.72		9.56

		M4		16.59		9.21				11.24		11.67		11.21

		3"月"31"日"

		M1		0.75		0.69		0.47		0.4		1.17

		M2		74.88		75.31		74.11		71.81		74.21		71.64

		M3		8.54		7.29		9.43		7.79		7.11		6.9

		M4		16.16		16.94		16.31		20.23		17.78		12.08

		4"月"14"日"

		M1		0.59		0.77		0.59		1.02		1.09		1.32

		M2		73.82		72.2		70.7		72.32		73.49		72.33

		M3		8.47		8.81		9.59		10.36		9.28		10.14

		M4		17.36		18.54		19.37		16.72		16.37		16.62

		4"月"16"日"

		M1		0.51		0.43		1.16		0.55		0.45		0.72

		M2		68.81		67.64		66.53		64.56		69.01		69.62

		M3		10.87		11.18		11.58		12.58		10.85		11.06

		M4		20.13		21.08		21.1		22.74		20.02		18.92

		2004/5/

		M1				0.81		0.69		0.86		0.61		0.59

		M2				70.98		71.84		71.88		71.37		70.98

		M3				12.9		10.58		10.6		11.03		11.63

		M4				15.02		16.8		16.42		16.96		16.59

		d1

		M1				0.81		0.69		0.86		0.61		0.59

		M2				70.98		71.84		71.88		71.37		70.98

		M3				12.9		10.58		10.6		11.03		11.63

		M4				15.02		16.8		16.42		16.96		16.59

		d1

		M1		0.59		0.77		0.55		0.56		0.88		0.72

		M2		73.82		72.2		64.56		65.52		69.66		69.62

		M3		8.47		8.81		12.58		11.75		11.32		11.06

		M4		17.36		18.54		22.74		22.58		18.45		18.92

		d1

		M1		1.24		0.76		0.87		1.33		0.97		0.97

		M2		72.68		72.38		72.43		70.84		71.38		71.36

		M3		12.12		11.24		12		11.94		10.29		12.65

		M4		14.24		15.77		15.03		16.13		17.46		15.12

		d1

		Mean

		Sub G0		0.81		0.81		0.72		1.01		1.11		1.12

		G0/G1		72.19		72.94		70.29		70.51		71.80		71.62

		S		10.31		10.11		10.91		10.87		10.33		10.58

		G2/M		16.97		16.27		18.31		17.81		16.96		15.76

		SD

		Sub G0		0.32		0.28		0.23		0.66		0.85		0.85

		G0/G1		2.59		4.16		3.44		3.62		1.93		2.15

		S		2.15		2.23		1.20		1.46		1.49		1.76

		G2/M		1.93		3.53		2.82		3.85		2.42		2.85





		0



d1(3/23)



		0



d3 (3/23)



		0		0		0		0		0		0		0.3223921008		0.2800223205		0.2331461834		0.6617279868		0.8461752183		0.8458864046

		0		0		0		0		0		0		2.5938112242		4.1627324045		3.4427591371		3.6173974465		1.9329321731		2.152450016

		0		0		0		0		0		0		2.1467129912		2.2296043852		1.1955731839		1.460829021		1.4945179586		1.7617802482

		0		0		0		0		0		0		1.9257794959		3.5276297182		2.8240379736		3.8536402086		2.415375969		2.847128566





		0		2.5938112242

		0		4.1627324045

		0		3.4427591371

		0		3.6173974465

		0		1.9329321731

		0		2.152450016





		0		2.1467129912

		0		2.2296043852

		0		1.1955731839

		0		1.460829021

		0		1.4945179586

		0		1.7617802482





		0		0.3223921008

		0		0.2800223205

		0		0.2331461834

		0		0.6617279868

		0		0.8461752183

		0		0.8458864046





		d1		control		0 μM (0.1% THF)		5 μM		10 μM		20 μM		30 μM																								control		0 μM (0.1% THF)		5 μM		10 μM		20 μM		30 μM

		Sub G0				0.81		0.62		0.77		1		1.06

		G0/G1				70.98		71		70.54		69.52		67.29

		S				12.9		11.87		11.5		10.55		12.35

		G2/M				15.02		16.6		17.16		18.82		19.07

		d1

		Sub G0		0.67		1.07		0.67		0.78		0.81		0.74

		G0/G1		70.47		67.08		68.42		69.91		67.87		68.91

		S		14.49		13.84		12.29		14.53		13.29		12.74

		G2/M		14.67		18.32		18.78		15.14		18.24		17.86

		d1

		Sub G0

		G0/G1

		S

		G2/M

		d1

		Sub G0		0.59		0.77		1.32		0.51		0.95		1.16

		G0/G1		73.82		72.2		72.33		68.81		66.83		66.53

		S		8.47		8.81		10.14		10.87		11.66		11.58

		G2/M		17.36		18.54		16.62		20.13		20.91		21.1

		d1

		Sub G0		1.24		0.76		0.67		0.86		0.75		0.82

		G0/G1		72.68		72.38		71.25		71.5		70.43		70.82

		S		12.12		11.24		11.38		10.55		12.08		11.5

		G2/M		14.24		15.77		16.84		17.19		17		16.99

		d1

		Mean

		Sub G0		0.8333333333		0.8525		0.82		0.73		0.8775		0.945

		G0/G1		72.3233333333		70.66		70.75		70.19		68.6625		68.3875

		S		11.6933333333		11.6975		11.42		11.8625		11.895		12.0425

		G2/M		15.4233333333		16.9125		17.21		17.405		18.7425		18.755

		SD

		Sub G0		0.3544479275		0.1466003638		0.3341656276		0.1520964606		0.1170113955		0.1975685535

		G0/G1		1.7032420067		2.4663603413		1.6570857954		1.128627485		1.6171451182		1.9013043768

		S		3.0325951483		2.2047883496		0.9308419128		1.8215995718		1.1320335684		0.602570881

		G2/M		1.6909267676		1.7810741141		1.0522990703		2.0544342287		1.6322658076		1.7808705736





		0		0		0		0		0		0		0.3544479275		0.1466003638		0.3341656276		0.1520964606		0.1170113955		0.1975685535

		0		0		0		0		0		0		1.7032420067		2.4663603413		1.6570857954		1.128627485		1.6171451182		1.9013043768

		0		0		0		0		0		0		3.0325951483		2.2047883496		0.9308419128		1.8215995718		1.1320335684		0.602570881

		0		0		0		0		0		0		1.6909267676		1.7810741141		1.0522990703		2.0544342287		1.6322658076		1.7808705736



ab

ab

a

b

ab

b

ab

ab

a

ab

b

b

control

0 μM (0.1% THF)

5 μM

10 μM

20 μM

30 μM



		0

		0

		0

		0

		0

		0



G0/G1

concentration of b-carotene

%

0

1.7032420067

0

2.4663603413

0

1.6570857954

0

1.128627485

0

1.6171451182

0

1.9013043768

d3 (3/2)-2



		59.42

		66.55

		66.73

		57.45

		66.33



d3 (3/??)



		63.19

		77.26

		67.68

		68.53

		63.46

		68.81



d3 (3/23)



		41.4

		63.31

		38.34

		39.66

		44.62

		44.73



d5



		11.6933333333		3.0325951483

		11.6975		2.2047883496

		11.42		0.9308419128

		11.8625		1.8215995718

		11.895		1.1320335684

		12.0425		0.602570881



S

concentration of b-carotene

%




_1211107084.xls
Chart1

		control		14.1105678898

		0 μM (0.1% THF)		15.3983389932

		5 μM		10.0918818947

		10 μM		15.7760498277

		20 μM		15.418739758

		30 μM		14.7793075758



b

c

a

a

d

b

concentration of b-carotene

% of control

100

107.0870457252

88.4275975973

89.9283878544

77.1038619195

64.8425732362



24h

																				average		SD

		control		1.102		1.144		1.448		1.403		1.222		1.208		1.352		1.385		1.283

		%		85.8924395947		89.1660171473		112.8604832424		109.3530787217		95.2455183164		94.1543257989		105.378020265		107.9501169135		100		10.1289896527

		0 mM (0.1% THF)		1.241		1.34		1.278		1.366		1.182		0.886		1.199		1.254

		%		96.7264224474		104.4427123928		99.6102883866		106.4692127825		92.1278254092		69.0568978956		93.4528448948		97.7396726422		94.9532346064		11.5642236811

		5 mM		0.985		1.022		1.138		1.186		0.87		1.112		1.037		1.087

		%		76.773187841		79.6570537802		88.6983632112		92.4395946999		67.8098207327		86.6718628215		80.8261886204		84.7233047545		82.1999220577		7.7304974033

		10 mM		0.803		1.124		1.248		1.209		1.112		0.94		1.352		1.316

		%		62.587685113		87.6071706937		97.2720187062		94.2322681216		86.6718628215		73.2657833203		105.378020265		102.5720966485		88.6983632112		14.6387575039

		20 mM		0.701		1.088		0.904		1.017		1.08		1.062		1.164		1.453

		%		54.6375681995		84.8012470772		70.4598597038		79.2673421668		84.1777084957		82.7747466875		90.7248636009		113.2501948558		82.5116913484		16.7038826193

		30 mM		0.955		0.831		0.919		0.914		0.943		0.887		0.773		0.809

		%		74.4349181606		64.7700701481		71.628994544		71.2392829306		73.4996102884		69.1348402182		60.2494154326		63.0553390491		68.5015588465		5.2036455954

				average		SD

		control		100		10.12899

		0 mM (0.1% THF)		94.953235		11.564224

		5 mM		82.199922		7.7304974

		10 mM		88.698363		14.638758

		20 mM		82.511691		16.703883

		30 mM		68.501559		5.2036456





24h

		0		10.12899

		0		11.564224

		0		7.7304974

		0		14.638758

		0		16.703883

		0		5.2036456



bc

b

b

c

a

c



48h

																				average		SD

		control		1.16		1.169		1.26		1.24		1.498		1.469		1.553		1.496		1.355625

		%		85.5693868142		86.2332872291		92.9460580913		91.4707238359		110.5025357308		108.3633010604		114.5597049331		110.3550023052		100		12.0696240186

		0 mM (0.1% THF)		1.11		1.369		1.389		1.305		1.369		1.508		1.616		1.52

		%		81.8810511757		100.9866297833		102.4619640387		96.265560166		100.9866297833		111.2402028585		119.2070078377		112.1254034117		103.1443061319		11.4232464789

		5 mM		1.284		1.401		1.413		1.527		1.392		1.521		1.489		1.481

		%		94.7164591978		103.347164592		104.2323651452		112.6417704011		102.683264177		112.1991701245		109.8386353158		109.2485016136		106.1134163209		6.0498984673

		10 mM		1.221		1.359		1.173		1.265		1.284		1.196		1.333		1.554

		%		90.0691562932		100.2489626556		86.5283540802		93.3148916551		94.7164591978		88.224988474		98.3310281236		114.6334716459		95.7584140157		8.9795148023

		20 mM		1.152		1.165		1.143		1.18		1.278		0.851		1.232		0.908

		%		84.979253112		85.9382203781		84.3153526971		87.0447210696		94.2738589212		62.775472568		90.8805901337		66.9801751959		82.1484555095		11.2103865831

		30 mM		0.955		1.095		0.966		0.734		0.913		0.898		0.921		0.885

		%		70.4472106962		80.7745504841		71.2586445367		54.1447671738		67.3490087598		66.2425080682		67.939142462		65.2835408022		67.9299216229		7.3932435856

				average		SD

		control		100		12.069624

		0 mM (0.1% THF)		103.14431		11.423246

		5 mM		106.11342		6.0498985

		10 mM		95.758414		8.95148

		20 mM		82.148456		11.210387

		30 mM		67.929922		7.3932436





48h

		0		12.069624

		0		11.423246

		0		6.0498985

		0		8.95148

		0		11.210387

		0		7.3932436



b

c

cd

a

cd

d



72h

																				average		SD

		control		1.206		0.92		1.085		1.661		1.216		1.139		1.472		1.3		1.249875

		%		96.4896489649		73.6073607361		86.8086808681		132.8932893289		97.2897289729		91.1291129113		117.7717771777		104.0104010401		100		18.4500520416

		0 mM (0.1% THF)		0.87		1.407		1.101		1.372		1.708		1.375		1.525		1.533

		%		69.6069606961		112.5712571257		88.0888088809		109.7709770977		136.6536653665		110.0110011001		122.0122012201		122.6522652265		108.9208920892		21.1249234525

		5 mM		1.12		1.516		1.237		1.422		1.604		1.626		1.567		1.904

		%		89.6089608961		121.2921292129		98.9698969897		113.7713771377		128.3328332833		130.0930093009		125.3725372537		152.3352335234		119.9719971997		19.4645318049

		10 mM		1.168		1.328		1.499		1.164		1.722		1.405		1.444		1.574

		%		93.4493449345		106.2506250625		119.9319931993		93.1293129313		137.7737773777		112.4112411241		115.5315531553		125.9325932593		113.0513051305		15.3920446264

		20 mM		1.167		1.298		1.315		1.293		1.395		1.351		1.531		1.587

		%		93.3693369337		103.8503850385		105.2105210521		103.4503450345		111.6111611161		108.0908090809		122.4922492249		126.9726972697		109.3809380938		10.8728856679

		30 mM		1.112		1.371		1.267		1.267		1.389		1.544		1.228		1.328

		%		88.9688968897		109.6909690969		101.3701370137		101.3701370137		111.1311131113		123.5323532353		98.2498249825		106.2506250625		105.0705070507		10.236357394

				average		SD

		control		100		18.450052

		0 mM (0.1% THF)		108.92089		21.124923

		5 mM		119.972		19.464532

		10 mM		113.05131		15.392045

		20 mM		109.38094		10.872886

		30 mM		105.07051		10.236357





72h

		0		18.450052

		0		21.124923

		0		19.464532

		0		15.392045

		0		10.872886

		0		10.236357



ab

b

ab

a

ab

ab



24h (2)

																				average		SD

		control		1.433		1.379		1.462		1.228		1.068		1.518		1.267		0.958		1.289125

		%		111.1606709978		106.9717831863		113.4102588965		95.2584117134		82.8468922719		117.7542907011		98.2837195772		74.3139726559		100		15.3420319166

		0 mM (0.1% THF)		1.457		1.308		1.396		1.537		1.437		1.595		1.647		1.565

		%		113.022398914		101.4641714341		108.2905071269		119.2281586347		111.4709589838		123.7273344323		127.7610782508		121.400174537		115.7955977892		8.7618346362

		5 mM		1.098		1.192		1.218		1.04		1.209		1.214		1.092		1.289

		%		85.1740521672		92.465819839		94.4826917483		80.6748763696		93.7845437797		94.1724037622		84.7086201881		99.9903035004		90.6816639193		6.4613328957

		10 mM		0.947		1.025		0.811		0.928		1.164		1.146		1.126		1.138

		%		73.4606806943		79.511296422		62.910889169		71.9868127606		90.2938039368		88.8975079996		87.3460680694		88.2769320275		80.3354988849		10.0424121949

		20 mM		0.88		0.871		1.179		1.189		1.125		1.007		1.163		1.135

		%		68.2633569281		67.5652089596		91.4573838844		92.2331038495		87.2684960729		78.1150004848		90.2162319403		88.044216038		82.8953747697		10.2238712174

		30 mM		0.8		0.904		1.205		0.985		0.902		0.836		0.903		1.319

		%		62.0575972074		70.1250848444		93.4742557937		76.4084165616		69.9699408514		64.8501890817		70.0475128479		102.3174633957		76.156307573		14.2575647421

				average		SD

		control		100		15.342032

		0 mM (0.1% THF)		115.7956		8.7618346

		5 mM		90.681664		6.4613329

		10 mM		80.335499		10.042412

		20 mM		82.895375		10.223871

		30 mM		76.156308		14.257565





24h (2)

		0		15.342032

		0		8.7618346

		0		6.4613329

		0		10.042412

		0		10.223871

		0		14.257565



bc

ab

d

c

ab

a



48h (2)

																				average		SD

		control		1.79		1.72		1.651		1.62		1.255		1.52		1.76		1.573		1.611125

		%		111.1024904958		106.7577003647		102.474978664		100.5508573202		77.8958802079		94.3440142757		109.2404375824		97.6336410893		100		10.6027516651

		0 mM (0.1% THF)		1.521		1.332		1.403		1.616		1.489		1.439		1.436		1.508

		%		94.4060827062		82.6751493522		87.0820079137		100.3025835984		92.419892932		89.3164714097		89.1302661184		93.5991931104		91.1164558926		5.3155679655

		5 mM		1.579		1.481		1.421		1.67		1.485		1.375		1.678		1.609

		%		98.006051672		91.9233454884		88.1992396617		103.6542788424		92.1716192102		85.3440918613		104.150826286		99.8681045853		95.4146947009		7.0401463396

		10 mM		1.621		1.56		1.488		1.598		1.431		1.332		1.48		1.522

		%		100.6129257506		96.8267514935		92.3578245015		99.1853518504		88.8199239662		82.6751493522		91.861277058		94.4681511366		93.3509193886		5.8286755574

		20 mM		1.475		1.336		1.483		1.132		1.331		1.444		1.653		1.322

		%		91.5509349057		82.9234230739		92.0474823493		70.2614632632		82.6130809217		89.626813562		102.5991155249		82.0544650477		86.7095973311		9.5337478617

		30 mM		1.28		1.163		1.481		1.35		1.406		1.747		1.838		1.735

		%		79.447590969		72.185584607		91.9233454884		83.7923811002		87.2682132051		108.4335479867		114.0817751571		107.6887268213		93.1026456668		15.2784186873

				average		SD

		control		100		10.602752

		0 mM (0.1% THF)		91.116456		5.315568

		5 mM		95.414695		7.0401463

		10 mM		93.350919		5.8286756

		20 mM		86.709597		9.5337479

		30 mM		93.102646		15.278419





48h (2)

		0		10.602752

		0		5.315568

		0		7.0401463

		0		5.8286756

		0		9.5337479

		0		15.278419



a

ab

ab

b

ab

ab



72h (2)

																				average		SD

		control		1.519		1.363		1.71		1.842		1.631		1.856		1.506				1.6324285714

		%		93.0515445874		83.4952305942		104.7519033867		112.8380152271		99.9124879671		113.6956331496		92.2551850879				100		11.2223278206

		0 mM (0.1% THF)		1.506		1.416		1.664		1.643		1.761		1.501		1.726		1.427

		%		92.2551850879		86.741927015		101.9340159272		100.6475890435		107.8760829614		91.9488929728		105.7320381552		87.4157696683		96.8189376039		8.255191478

		5 mM		1.348		1.331		1.426		1.859		1.595		1.653		1.523		1.391

		%		82.5763542487		81.5349610571		87.3545112453		113.8794084187		97.7071847379		101.2601732738		93.2965782795		85.2104664391		92.8524547125		11.0769995515

		10 mM		1.204		1.248		1.395		1.509		1.641		1.458		1.379		1.273

		%		73.7551413319		76.4505119454		85.4555001313		92.438960357		100.5250721974		89.3147807824		84.4753653627		77.9819725212		85.0496630787		8.9780655233

		20 mM		1.094		1.169		1.491		1.854		1.449		1.518		1.316		1.418

		%		67.0167147983		71.6110965258		91.3363087425		113.5731163035		88.7634549751		92.9902861643		80.6160847116		86.864443861		86.5964382603		14.3404885164

		30 mM		1.486		1.37		1.588		1.889		1.761		1.643		1.548		1.857

		%		91.0300166273		83.9240395554		97.2783757767		115.7171611097		107.8760829614		100.6475890435		94.8280388553		113.7568915726		100.6322744377		11.1393038521

				average		SD

		control		100		11.222328

		0 mM (0.1% THF)		96.818938		8.2551915

		5 mM		92.852455		11.077

		10 mM		85.049663		8.9780655

		20 mM		86.56438		14.340489

		30 mM		100.63227		11.139304





72h (2)

		0		11.222328

		0		8.2551915

		0		11.077

		0		8.9780655

		0		14.340489

		0		11.139304



ab

c

bc

c

abc

a



24h (3)

																				average		SD

		control		1.309		1.1		1.218		1.362		1.668		1.795						1.4086666667

		%		92.9247515381		78.0880265026		86.4647420729		96.6871746332		118.4098438239		127.4254614292						100		19.0549207642

		0 mM (0.1% THF)		1.157		1.344		1.49		1.466		1.566		1.777		1.779		1.875

		%		82.1344060577		95.4093705632		105.7737813535		104.0700425935		111.1689540937		126.1476573592		126.2896355892		133.1045906294		110.5123047799		17.3270683785

		5 mM		1.177		1.216		1.197		1.388		1.005		1.541		1.415		1.474

		%		83.5541883578		86.3227638429		84.9739706578		98.5328916233		71.3440605774		109.3942262186		100.4495977283		104.6379555135		92.401206815		12.8433380797

		10 mM		1.274		1.435		1.099		1.352		1.573		1.827		1.546		1.248

		%		90.440132513		101.8693800284		78.0170373876		95.9772834832		111.6658778987		129.6971131093		109.7491717937		88.594415523		100.7513014671		16.1817703976

		20 mM		1.03		0.757		0.729		0.707		0.876		1.033		1.235		1.06

		%		73.1187884524		53.7387600568		51.7510648367		50.1893043067		62.1864647421		73.3317557974		87.6715570279		75.2484619025		65.9045196403		13.5089420089

		30 mM		0.894		0.515		0.682		0.685		0.702		0.635		0.669		0.838

		%		63.4642688121		36.5593942262		48.4145764316		48.6275437766		49.8343587317		45.0780880265		47.4917179366		59.488878372		49.8698532892		8.3390738012

				average		SD

		control		100		19.054921

		0 mM (0.1% THF)		110.5123		17.327068

		5 mM		92.401207		12.843338

		10 mM		100.7513		16.18177

		20 mM		65.90452		13.508942

		30 mM		49.869853		8.3390738





24h (3)

		0		19.054921

		0		17.327068

		0		12.843338

		0		16.18177

		0		13.508942

		0		8.3390738



b

a

d

cd

c

cd



48h (3)

																		average		SD

		control		1.067		1.42		1.785		1.898								1.5425

		%		69.1734197731		92.0583468395		115.7212317666		123.0470016207								100		24.4381485617

		0 mM (0.1% THF)		1.128		1.411		1.658		1.826		1.672		1.828		1.898

		%		73.1280388979		91.4748784441		107.4878444084		118.379254457		108.3954619125		118.5089141005		123.0470016207		105.7744848345		17.7926016422

		5 mM		1.021		1.767		1.716		1.908		1.957

		%		66.1912479741		114.5542949757		111.2479740681		123.6952998379		126.8719611021						108.5121555916		24.508476596

		10 mM		1.087		1.244		1.21		1.368		1.994		1.938

		%		70.4700162075		80.6482982172		78.4440842788		88.6871961102		129.2706645057		125.6401944895				95.5267423015		25.4294180293

		20 mM		1.761		1.398		1.793		1.785		1.776

		%		114.1653160454		90.6320907618		116.2398703404		115.7212317666		115.1377633712						110.379254457		11.0658447887

		30 mM		0.982		0.966		1.042		1.473		1.993		1.744		1.917

		%		63.6628849271		62.6256077796		67.5526742301		95.4943273906		129.205834684		113.0632090762		124.2787682334		93.6976151887		29.2272919793

				average		SD

		control		100		24.438149

		0 mM (0.1% THF)		105.77448		17.792602

		5 mM		108.51216		24.508477

		10 mM		95.526742		25.429418

		20 mM		110.37925		11.065845

		30 mM		93.697615		29.227292





48h (3)

		0		24.438149

		0		17.792602

		0		24.508477

		0		25.429418

		0		11.065845

		0		29.227292



a

a

a

a

a

a



72h (3)

																				average		SD

		control		1.281		1.309		1.362		1.342		1.45		1.277		1.379		1.516		1.3645

		%		93.8805423232		95.9325760352		99.8167827043		98.3510443386		106.2660315134		93.5873946501		101.0626603151		111.1029681202		100		6.1124478338

		0 mM (0.1% THF)		1.328		1.637		1.386		1.503		1.181		1.375		1.431		1.492

		%		97.3250274826		119.9706852327		101.5756687431		110.1502381825		86.5518504947		100.769512642		104.873580066		109.3440820813		103.8200806156		9.9085692634

		5 mM		1.249		1.431		1.386		1.475		1.054		1.415		1.66		1.489

		%		91.5353609381		104.873580066		101.5756687431		108.0982044705		77.2444118725		103.7009893734		121.6562843532		109.1242213265		102.2260901429		13.1343709748

		10 mM		1.189		1.551		1.655		1.443		1.535		1.765		1.612		1.536

		%		87.138145841		113.6680102602		121.2898497618		105.7530230854		112.4954195676		129.3514107732		118.1385122756		112.5687064859		112.5503847563		12.4390993529

		20 mM		1.839		1.919		1.761		1.629		1.486		1.519		1.488		1.676

		%		134.7746427263		140.6375961891		129.0582631		119.3843898864		108.9043605716		111.322828875		109.0509344082		122.8288750458		121.9952363503		12.077575975

		30 mM		1.215		1.238		1.138		1.331		1.876		1.489		1.176

		%		89.0436057164		90.7292048369		83.4005130084		97.5448882374		137.4862587028		109.1242213265		86.1854159033				99.0734439617		18.9774645228

				average		SD

		control		100		18.450052

		0 mM (0.1% THF)		108.92089		21.124923

		5 mM		119.972		19.464532

		10 mM		113.05131		15.392045

		20 mM		109.38094		10.872886

		30 mM		105.07051		10.236357





72h (3)

		0		18.450052

		0		21.124923

		0		19.464532

		0		15.392045

		0		10.872886

		0		10.236357



ab

c

bc

c

c

a



total (%)

		24 h																																																		mean		SD

		control		85.8924395947		89.1660171473		112.8604832424		109.3530787217		95.2455183164		94.1543257989		105.378020265		107.9501169135		111.1606709978		106.9717831863		113.4102588965		95.2584117134		82.8468922719		117.7542907011		98.2837195772		74.3139726559		92.9247515381		78.0880265026		86.4647420729		96.6871746332		118.4098438239		127.4254614292						100		14.1105678898

		0 μM (0.1% THF)		96.7264224474		104.4427123928		99.6102883866		106.4692127825		92.1278254092		69.0568978956		93.4528448948		97.7396726422		113.022398914		101.4641714341		108.2905071269		119.2281586347		111.4709589838		123.7273344323		127.7610782508		121.400174537		82.1344060577		95.4093705632		105.7737813535		104.0700425935		111.1689540937		126.1476573592		126.2896355892		133.1045906294		107.0870457252		15.3983389932

		5 μM		76.773187841		79.6570537802		88.6983632112		92.4395946999		67.8098207327		86.6718628215		80.8261886204		84.7233047545		85.1740521672		92.465819839		94.4826917483		80.6748763696		93.7845437797		94.1724037622		84.7086201881		99.9903035004		83.5541883578		86.3227638429		84.9739706578		98.5328916233		71.3440605774		109.3942262186		100.4495977283		104.6379555135		88.4275975973		10.0918818947

		10 μM		62.587685113		87.6071706937		97.2720187062		94.2322681216		86.6718628215		73.2657833203		105.378020265		102.5720966485		73.4606806943		79.511296422		62.910889169		71.9868127606		90.2938039368		88.8975079996		87.3460680694		88.2769320275		90.440132513		101.8693800284		78.0170373876		95.9772834832		111.6658778987		129.6971131093		109.7491717937		88.594415523		89.9283878544		15.7760498277

		20 μM		54.6375681995		84.8012470772		70.4598597038		79.2673421668		84.1777084957		82.7747466875		90.7248636009		113.2501948558		68.2633569281		67.5652089596		91.4573838844		92.2331038495		87.2684960729		78.1150004848		90.2162319403		88.044216038		73.1187884524		53.7387600568		51.7510648367		50.1893043067		62.1864647421		73.3317557974		87.6715570279		75.2484619025		77.1038619195		15.418739758

		30 μM		74.4349181606		64.7700701481		71.628994544		71.2392829306		73.4996102884		69.1348402182		60.2494154326		63.0553390491		62.0575972074		70.1250848444		93.4742557937		76.4084165616		69.9699408514		64.8501890817		70.0475128479		102.3174633957		63.4642688121		36.5593942262		48.4145764316		48.6275437766		49.8343587317		45.0780880265		47.4917179366		59.488878372		64.8425732362		14.7793075758

		48 h																																																		mean		SD

		control		85.5693868142		86.2332872291		92.9460580913		91.4707238359		110.5025357308		108.3633010604		114.5597049331		110.3550023052		111.1024904958		106.7577003647		102.474978664		100.5508573202		77.8958802079		94.3440142757		109.2404375824		97.6336410893		69.1734197731		92.0583468395		115.7212317666		123.0470016207										100		13.761748059

		0 μM (0.1% THF)		81.8810511757		100.9866297833		102.4619640387		96.265560166		100.9866297833		111.2402028585		119.2070078377		112.1254034117		94.4060827062		82.6751493522		87.0820079137		100.3025835984		92.419892932		89.3164714097		89.1302661184		93.5991931104		73.1280388979		91.4748784441		107.4878444084		118.379254457		108.3954619125		118.5089141005		123.0470016207				99.761195219		13.4049075534

		5 μM		94.7164591978		103.347164592		104.2323651452		112.6417704011		102.683264177		112.1991701245		109.8386353158		109.2485016136		98.006051672		91.9233454884		88.1992396617		103.6542788424		92.1716192102		85.3440918613		104.150826286		99.8681045853		66.1912479741		114.5542949757		111.2479740681		123.6952998379		126.8719611021								102.6088412444		13.5874282941

		10 μM		90.0691562932		100.2489626556		86.5283540802		93.3148916551		94.7164591978		88.224988474		98.3310281236		114.6334716459		100.6129257506		96.8267514935		92.3578245015		99.1853518504		88.8199239662		82.6751493522		91.861277058		94.4681511366		70.4700162075		80.6482982172		78.4440842788		88.6871961102		129.2706645057		125.6401944895						94.8197782292		13.909263746

		20 μM		84.979253112		85.9382203781		84.3153526971		87.0447210696		94.2738589212		62.775472568		90.8805901337		66.9801751959		91.5509349057		82.9234230739		92.0474823493		70.2614632632		82.6130809217		89.626813562		102.5991155249		82.0544650477		114.1653160454		90.6320907618		116.2398703404		115.7212317666		115.1377633712								90.6076521433		15.2551163472

		30 μM		70.4472106962		80.7745504841		71.2586445367		54.1447671738		67.3490087598		66.2425080682		67.939142462		65.2835408022		79.447590969		72.185584607		91.9233454884		83.7923811002		87.2682132051		108.4335479867		114.0817751571		107.6887268213		63.6628849271		62.6256077796		67.5526742301		95.4943273906		129.205834684		113.0632090762		124.2787682334				84.5279932452		21.8702552348

		72 h																																																		mean		SD

		control		96.4896489649		73.6073607361		86.8086808681		132.8932893289		97.2897289729		91.1291129113		117.7717771777		104.0104010401		93.0515445874		83.4952305942		104.7519033867		112.8380152271		99.9124879671		113.6956331496		92.2551850879		93.8805423232		95.9325760352		99.8167827043		98.3510443386		106.2660315134		93.5873946501		101.0626603151		111.1029681202				100		12.4316475217

		0 μM (0.1% THF)		69.6069606961		112.5712571257		88.0888088809		109.7709770977		136.6536653665		110.0110011001		122.0122012201		122.6522652265		92.2551850879		86.741927015		101.9340159272		100.6475890435		107.8760829614		91.9488929728		105.7320381552		87.4157696683		97.3250274826		119.9706852327		101.5756687431		110.1502381825		86.5518504947		100.769512642		104.873580066		109.3440820813		103.1866367696		14.5643646067

		5 μM		89.6089608961		121.2921292129		98.9698969897		113.7713771377		128.3328332833		130.0930093009		125.3725372537		152.3352335234		82.5763542487		81.5349610571		87.3545112453		113.8794084187		97.7071847379		101.2601732738		93.2965782795		85.2104664391		91.5353609381		104.873580066		101.5756687431		108.0982044705		77.2444118725		103.7009893734		121.6562843532		109.1242213265		105.0168473517		18.3609883897

		10 μM		93.4493449345		106.2506250625		119.9319931993		93.1293129313		137.7737773777		112.4112411241		115.5315531553		125.9325932593		73.7551413319		76.4505119454		85.4555001313		92.438960357		100.5250721974		89.3147807824		84.4753653627		77.9819725212		87.138145841		113.6680102602		121.2898497618		105.7530230854		112.4954195676		129.3514107732		118.1385122756		112.5687064859		103.5504509885		17.9541890008

		20 μM		93.3693369337		103.8503850385		105.2105210521		103.4503450345		111.6111611161		108.0908090809		122.4922492249		126.9726972697		67.0167147983		71.6110965258		91.3363087425		113.5731163035		88.7634549751		92.9902861643		80.6160847116		86.864443861		134.7746427263		140.6375961891		129.0582631		119.3843898864		108.9043605716		111.322828875		109.0509344082		122.8288750458		105.9908709015		19.1542593256

		30 μM		88.9688968897		109.6909690969		101.3701370137		101.3701370137		111.1311131113		123.5323532353		98.2498249825		106.2506250625		91.0300166273		83.9240395554		97.2783757767		115.7171611097		107.8760829614		100.6475890435		94.8280388553		113.7568915726		89.0436057164		90.7292048369		83.4005130084		97.5448882374		137.4862587028		109.1242213265		86.1854159033				101.7015808539		13.3335343528





total (%)

		0		14.1105678898

		0		15.3983389932

		0		10.0918818947

		0		15.7760498277

		0		15.418739758

		0		14.7793075758



c

b

d

d

a

c

concentration of b-carotene

% of control



total (OD)

		0		13.761748059

		0		13.4049075534

		0		13.5874282941

		0		13.909263746

		0		15.2551163472

		0		21.8702552348



&A

Page &P

c

b

ab

a

bc

b

concentration of b-carotene

% of control



		0		12.4316475217

		0		14.5643646067

		0		18.3609883897

		0		17.9541890008

		0		19.1542593256

		0		13.3335343528



a

a

a

a

a

a

concentration of b-carotene

% of control



		0		14.1105678898

		0		15.3983389932

		0		10.0918818947

		0		15.7760498277

		0		15.418739758

		0		14.7793075758



c

b

d

d

a

c



		0		13.761748059

		0		13.4049075534

		0		13.5874282941

		0		13.909263746

		0		15.2551163472

		0		21.8702552348



c

b

ab

a

bc

b



		0		12.4316475217

		0		14.5643646067

		0		18.3609883897

		0		17.9541890008

		0		19.1542593256

		0		13.3335343528



a

a

a

a

a

a



		24 h																																																		mean		SD				mean		24 h		48 h		72 h

		control		1.102		1.144		1.448		1.403		1.222		1.208		1.352		1.385		1.433		1.379		1.462		1.228		1.068		1.518		1.267		0.958		1.309		1.1		1.218		1.362		1.668		1.795						1.3195						control		100.00		113.32		106.6

		%		83.5164835165		86.6995073892		109.7385373247		106.328154604		92.6108374384		91.5498294809		102.4630541872		104.9640015157		108.6017430845		104.5092838196		110.7995452823		93.0655551345		80.9397499053		115.0435771125		96.0212201592		72.6032588102		99.2042440318		83.3649109511		92.3076923077		103.220917014		126.411519515		136.0363774157						100.0000		14.9576				0 mM (0.1% THF)		107.81		113.19		110.1

		0 mM (0.1% THF)		1.241		1.34		1.278		1.366		1.182		0.886		1.199		1.254		1.457		1.308		1.396		1.537		1.437		1.595		1.647		1.565		1.157		1.344		1.49		1.466		1.566		1.777		1.779		1.875								5 mM		89.06		116.12		111.4

		%		94.0507768094		101.553618795		96.8548692687		103.5240621448		89.5793861311		67.146646457		90.8677529367		95.0359984843		110.4206138689		99.1284577491		105.7976506252		116.4835164835		108.9048882152		120.8791208791		124.8200075786		118.6055323986		87.684729064		101.8567639257		112.9215611974		111.102690413		118.6813186813		134.6722243274		134.8237968928		142.0992800303		107.8123		17.1502				10 mM		90.76		107.68		109.6

		5 mM		0.985		1.022		1.138		1.186		0.87		1.112		1.037		1.087		1.098		1.192		1.218		1.04		1.209		1.214		1.092		1.289		1.177		1.216		1.197		1.388		1.005		1.541		1.415		1.474								20 mM		77.19		103.21		112.3

		%		74.6494884426		77.4535809019		86.2447896931		89.8825312618		65.9340659341		84.2743463433		78.5903751421		82.3796892762		83.2133383858		90.3372489579		92.3076923077		78.8177339901		91.6256157635		92.004547177		82.7586206897		97.6885183782		89.2004547177		92.1561197423		90.7161803714		105.1913603638		76.1652140962		116.7866616142		107.2375899962		111.7089806745		89.0552		12.1487				30 mM		64.75		97.15		109.1

		10 mM		0.803		1.124		1.248		1.209		1.112		0.94		1.352		1.316		0.947		1.025		0.811		0.928		1.164		1.146		1.126		1.138		1.274		1.435		1.099		1.352		1.573		1.827		1.546		1.248								SD

		%		60.8563849943		85.1837817355		94.5812807882		91.6256157635		84.2743463433		71.2391057219		102.4630541872		99.7347480106		71.7696097006		77.6809397499		61.4626752558		70.3296703297		88.2152330428		86.8510799545		85.3353543009		86.2447896931		96.5517241379		108.7533156499		83.2891246684		102.4630541872		119.2118226601		138.4615384615		117.1655930277		94.5812807882		90.7635		18.4240				control		14.96		18.15		17.63

		20 mM		0.701		1.088		0.904		1.017		1.08		1.062		1.164		1.453		0.88		0.871		1.179		1.189		1.125		1.007		1.163		1.135		1.03		0.757		0.729		0.707		0.876		1.033		1.235		1.06								0 mM (0.1% THF)		17.15		15.18		15.41

		%		53.1261841607		82.4554755589		68.5107995453		77.0746494884		81.8491852975		80.4850322092		88.2152330428		110.1174687382		66.6919287609		66.0098522167		89.3520272831		90.1098901099		85.2595680182		76.3167866616		88.1394467601		86.017430845		78.0598711633		57.3702159909		55.2482000758		53.5809018568		66.3887836302		78.2872300114		93.5960591133		80.3334596438		77.1915		14.0860				5 mM		12.15		15.89		15.30

		30 mM		0.955		0.831		0.919		0.914		0.943		0.887		0.773		0.809		0.8		0.904		1.205		0.985		0.902		0.836		0.903		1.319		0.894		0.515		0.682		0.685		0.702		0.635		0.669		0.838								10 mM		18.42		17.56		13.32

		%		72.3758999621		62.9784009094		69.6475937855		69.2686623721		71.4664645699		67.2224327397		58.5827965138		61.3111026904		60.6290261463		68.5107995453		91.3224706328		74.6494884426		68.3592269799		63.3573323228		68.4350132626		99.9621068587		67.7529367185		39.0299355817		51.6862447897		51.9136036377		53.2019704433		48.1242895036		50.7010231148		63.5089048882		64.7499		13.0636				20 mM		14.09		20.94		16.67

																																																										30 mM		13.06		29.46		18.14

		48 h																																																		mean		SD

		control		1.16		1.169		1.26		1.24		1.498		1.469		1.553		1.496		1.79		1.72		1.651		1.62		1.255		1.52		1.76		1.573		1.067		1.42		1.785		1.898

		%		87.9120879121		88.5941644562		95.4907161804		93.9749905267		113.5278514589		111.3300492611		117.6960970064		113.3762788935		135.6574460023		130.3524062145		125.1231527094		122.7737779462		95.111784767		115.1951496779		133.3838575218		119.2118226601		80.8639636226		107.6165214096		135.2785145889		143.842364532										113.3156498674		18.154298905				0 mM (0.1% THF)		107.8123026399

		0 mM (0.1% THF)		1.11		1.369		1.389		1.305		1.369		1.508		1.616		1.52		1.521		1.332		1.403		1.616		1.489		1.439		1.436		1.508		1.128		1.411		1.658		1.826		1.672		1.828		1.898

		%		84.1227737779		103.7514209928		105.2671466465		98.9010989011		103.7514209928		114.2857142857		122.4706328155		115.1951496779		115.2709359606		100.9473285335		106.328154604		122.4706328155		112.8457749147		109.0564607806		108.8291019326		114.2857142857		85.4869268662		106.9344448655		125.6536566881		138.3857521789		126.7146646457		138.5373247442		143.842364532				113.1884607147		15.1776683939

		5 mM		1.284		1.401		1.413		1.527		1.392		1.521		1.489		1.481		1.579		1.481		1.421		1.67		1.485		1.375		1.678		1.609		1.021		1.767		1.716		1.908		1.957

		%		97.3095869648		106.1765820387		107.0860174308		115.7256536567		105.4945054945		115.2709359606		112.8457749147		112.2394846533		119.6665403562		112.2394846533		107.6923076923		126.5630920803		112.542629784		104.2061386889		127.1693823418		121.9401288367		77.3777946192		133.9143615006		130.0492610837		144.6002273588		148.3137552103								116.1154116819		15.8925711491

		10 mM		1.221		1.359		1.173		1.265		1.284		1.196		1.333		1.554		1.621		1.56		1.488		1.598		1.431		1.332		1.48		1.522		1.087		1.244		1.21		1.368		1.994		1.938

		%		92.5350511557		102.993558166		88.897309587		95.8696475938		97.3095869648		90.6403940887		101.0231148162		117.7718832891		122.8495642289		118.2266009852		112.7699886321		121.1064797272		108.4501705191		100.9473285335		112.1636983706		115.3467222433		82.3796892762		94.2781356574		91.7014020462		103.6756347101		151.1178476696		146.8738158393						107.6785283682		17.5581441823

		20 mM		1.152		1.165		1.143		1.18		1.278		0.851		1.232		0.908		1.475		1.336		1.483		1.132		1.331		1.444		1.653		1.322		1.761		1.398		1.793		1.785		1.776

		%		87.3057976506		88.2910193255		86.6237211065		89.4278135657		96.8548692687		64.4941265631		93.3687002653		68.813944676		111.7847669572		101.2504736643		112.3910572186		85.790071997		100.8715422509		109.435392194		125.2747252747		100.1894657067		133.4596438045		105.9492231906		135.8848048503		135.2785145889		134.5964380447								103.2064815316		20.9389780264

		30 mM		0.955		1.095		0.966		0.734		0.913		0.898		0.921		0.885		1.28		1.163		1.481		1.35		1.406		1.747		1.838		1.735		0.982		0.966		1.042		1.473		1.993		1.744		1.917

		%		72.3758999621		82.9859795377		73.2095490716		55.6271314892		69.1928760894		68.0560818492		69.7991663509		67.0708601743		97.006441834		88.1394467601		112.2394846533		102.3114816218		106.5555134521		132.3986358469		139.2951875711		131.4892004547		74.4221295945		73.2095490716		78.9693065555		111.6331943918		151.0420613869		132.1712769989		145.282303903				97.1514242879		29.4587424438

		72 h																																																		mean		SD

		control		1.206		0.92		1.085		1.661		1.216		1.139		1.472		1.3		1.519		1.363		1.71		1.842		1.631		1.856		1.506				1.281		1.309		1.362		1.342		1.45		1.277		1.379		1.516

		%		91.3982569155		69.7233800682		82.2281167109		125.8810155362		92.1561197423		86.3205759757		111.5574081091		98.5221674877		115.1193633952		103.2967032967		129.5945433876		139.5983327018		123.6074270557		140.6593406593		114.1341417203				97.0822281167		99.2042440318		103.220917014		101.7051913604		109.8901098901		96.779082986		104.5092838196		114.8920045472		106.5686936751		17.6257312713

		0 mM (0.1% THF)		0.87		1.407		1.101		1.372		1.708		1.375		1.525		1.533		1.506		1.416		1.664		1.643		1.761		1.501		1.726		1.427		1.328		1.637		1.386		1.503		1.181		1.375		1.431		1.492

		%		65.9340659341		106.6312997347		83.4406972338		103.9787798408		129.4429708223		104.2061386889		115.5740810913		116.1803713528		114.1341417203		107.3133762789		126.1083743842		124.5168624479		133.4596438045		113.7552103069		130.8071239106		108.1470253884		100.6441834028		124.0621447518		105.0397877984		113.9067828723		89.5035998484		104.2061386889		108.4501705191		113.0731337628		110.104837691		15.409513758

		5 mM		1.12		1.516		1.237		1.422		1.604		1.626		1.567		1.904		1.348		1.331		1.426		1.859		1.595		1.653		1.523		1.391		1.249		1.431		1.386		1.475		1.054		1.415		1.66		1.489

		%		84.8806366048		114.8920045472		93.7476316787		107.768093975		121.5611974233		123.2284956423		118.757104964		144.2970822281		102.1599090565		100.8715422509		108.0712391057		140.8866995074		120.8791208791		125.2747252747		115.422508526		105.4187192118		94.6570670709		108.4501705191		105.0397877984		111.7847669572		79.8787419477		107.2375899962		125.8052292535		112.8457749147		111.4089933055		15.2956510232

		10 mM		1.168		1.328		1.499		1.164		1.722		1.405		1.444		1.574		1.204		1.248		1.395		1.509		1.641		1.458		1.379		1.273		1.189		1.551		1.655		1.443		1.535		1.765		1.612		1.536

		%		88.5183781736		100.6441834028		113.6036377416		88.2152330428		130.5039787798		106.4797271694		109.435392194		119.2876089428		91.2466843501		94.5812807882		105.7218643426		114.3615005684		124.3652898825		110.4964001516		104.5092838196		96.4759378552		90.1098901099		117.5445244411		125.4262978401		109.3596059113		116.3319439182		133.7627889352		122.1674876847		116.4077302008		109.5648604269		13.3230526676

		20 mM		1.167		1.298		1.315		1.293		1.395		1.351		1.531		1.587		1.094		1.169		1.491		1.854		1.449		1.518		1.316		1.418		1.839		1.919		1.761		1.629		1.486		1.519		1.488		1.676

		%		88.4425918909		98.3705949223		99.6589617279		97.9916635089		105.7218643426		102.3872679045		116.0287987874		120.2728306177		82.910193255		88.5941644562		112.9973474801		140.507768094		109.8143236074		115.0435771125		99.7347480106		107.4649488443		139.3709738537		145.4338764684		133.4596438045		123.4558544903		112.6184160667		115.1193633952		112.7699886321		127.0178097764		112.2994821271		16.6698812419

		30 mM		1.112		1.371		1.267		1.267		1.389		1.544		1.228		1.328		1.486		1.37		1.588		1.889		1.761		1.643		1.548		1.857		1.215		1.238		1.138		1.331		1.876		1.489		1.176

		%		84.2743463433		103.9029935582		96.0212201592		96.0212201592		105.2671466465		117.0140204623		93.0655551345		100.6441834028		112.6184160667		103.8272072755		120.3486169003		143.1602879879		133.4596438045		124.5168624479		117.317165593		140.735126942		92.0803334596		93.8234179613		86.2447896931		100.8715422509		142.175066313		112.8457749147		89.124668435				109.1025915614		18.1379368097





		0		0		0		0		0		0		17.1501952532		0		12.1487442355		13.0635590746		14.0859695571		18.4239746534

		0		0		0		0		0		0		15.1776683939		14.9576482943		15.8925711491		29.4587424438		20.9389780264		17.5581441823

		0		0		0		0		0		0		15.409513758		18.154298905		15.2956510232		18.1379368097		16.6698812419		13.3230526676
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Chart1

		Sub G0		Sub G0		Sub G0		Sub G0		Sub G0		Sub G0		0.9934913185		0.3743883901		1.782645506		0.8159452596		1.7666257857		2.0910045433

		G0/G1		G0/G1		G0/G1		G0/G1		G0/G1		G0/G1		3.6955739293		6.9260161709		2.2473002321		4.344585711		2.1474849631		1.8194573367

		S		S		S		S		S		S		4.0609276444		5.9613162696		3.4605057434		4.0780918741		3.2772091786		4.0611820939

		G2/M		G2/M		G2/M		G2/M		G2/M		G2/M		4.0178715344		5.114987781		5.4718331785		3.4252785775		1.9737443266		4.2673674555



control

0 μM (0.1% THF)

5 μM

10 μM

20 μM

30 μM

%

1.2625

0.875

1.6825

1.345

2.165

2.035

69.24

72.285

70.7275

72.5625

73.6025

71.7025

13.35

12.9175

12.595

11.485

10.435

11.13

15.9125

13.615

12.3525

14.47

13.69

14.8675



KB, BC

		d1(第一次)		control		0 μM (0.1% THF)		5 μM		10 μM		20 μM		30 μM

		M1		0.58		0.66		0.71		0.7		0.86		0.96

		M2		64.77		65.46		69.42		74.73		75.95		69.08

		M3		13.12		14.35		12.22		9.42		7.94		9.12

		M4		19.52		17.52		16.18		13.71		13.95		18.86

		d1(3/10)

		M1		2.69		0.64		4.34		1.92		2		1.08

		M2		69.25		69.68		70.88		67.49		70.78		72.52

		M3		18.41		20.74		16.75		17.6		15.26		17.2

		M4		10.18		9.19		8.41		13.41		12.46		9.67

		d1(3/23)

		M1		1.19		1.43		0.61		2.17		4.71		5.17

		M2		69.12		81.8		68.78		77.33		74.19		73.22

		M3		13.4		7.77		13.09		9.33		9.26		8.68

		M4		16.59		9.21		17.87		11.39		11.98		13.13

		d1

		M1		0.59		0.77		1.07		0.59		1.09		0.93

		M2		73.82		72.2		73.83		70.7		73.49		71.99

		M3		8.47		8.81		8.32		9.59		9.28		9.52

		M4		17.36		18.54		6.95		19.37		16.37		17.81

		d1

		M1

		M2

		M3

		M4

		d1

		Mean

		Sub G0		1.2625		0.875		1.6825		1.345		2.165		2.035

		G0/G1		69.24		72.285		70.7275		72.5625		73.6025		71.7025

		S		13.35		12.9175		12.595		11.485		10.435		11.13

		G2/M		15.9125		13.615		12.3525		14.47		13.69		14.8675

		SD

		Sub G0		0.9934913185		0.3743883901		1.782645506		0.8159452596		1.7666257857		2.0910045433

		G0/G1		3.6955739293		6.9260161709		2.2473002321		4.344585711		2.1474849631		1.8194573367

		S		4.0609276444		5.9613162696		3.4605057434		4.0780918741		3.2772091786		4.0611820939

		G2/M		4.0178715344		5.114987781		5.4718331785		3.4252785775		1.9737443266		4.2673674555





KB, BC

		0		0		0		0		0		0		0.9934913185		0.3743883901		1.782645506		0.8159452596		1.7666257857		2.0910045433

		0		0		0		0		0		0		3.6955739293		6.9260161709		2.2473002321		4.344585711		2.1474849631		1.8194573367

		0		0		0		0		0		0		4.0609276444		5.9613162696		3.4605057434		4.0780918741		3.2772091786		4.0611820939

		0		0		0		0		0		0		4.0178715344		5.114987781		5.4718331785		3.4252785775		1.9737443266		4.2673674555
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KB, Lu

		69.58

		71.23

		75.03

		75.1

		77.45

		81.16



d3 (3/2)-1

72.45

71.26

74.42

75.67

77.93

81.86

d3 (3/2)-2



KB, Ly

		59.42

		66.55

		66.73

		57.45

		66.33



d3 (3/??)



		63.19

		77.26

		67.68

		68.53

		63.46

		68.81



d3 (3/23)



		0				0.9934913185

		0				0.3743883901

		0				1.782645506

		0				0.8159452596

		0				1.7666257857

		0				2.0910045433





		0				3.6955739293

		0				6.9260161709

		0				2.2473002321

		0				4.344585711

		0				2.1474849631

		0				1.8194573367





		0		4.0609276444

		0		5.9613162696

		0		3.4605057434

		0		4.0780918741

		0		3.2772091786

		0		4.0611820939





		0		4.0178715344

		0		5.114987781

		0		5.4718331785

		0		3.4252785775

		0		1.9737443266

		0		4.2673674555





		3"月"23"日"		control		0 μM (0.1% THF)		5 μM		10 μM		20 μM		30 μM

		M1		0.59		0.77		0.59		1.02		1.09		1.32

		M2		73.82		72.2		70.7		72.32		73.49		72.33

		M3		8.47		8.81		9.59		10.36		9.28		10.14

		M4		17.36		18.54		19.37		16.72		16.37		16.62

		4"月"16"日"

		M1		0.51		0.43		1.16		0.55		0.45		0.72

		M2		68.81		67.64		66.53		64.56		69.01		69.62

		M3		10.87		11.18		11.58		12.58		10.85		11.06

		M4		20.13		21.08		21.1		22.74		20.02		18.92

		d1

		M1		0.59		0.77		0.55		0.56		0.88		0.72

		M2		73.82		72.2		64.56		65.52		69.66		69.62

		M3		8.47		8.81		12.58		11.75		11.32		11.06

		M4		17.36		18.54		22.74		22.58		18.45		18.92

		d1

		M1

		M2

		M3

		M4

		d1

		M1		1.24		0.76		0.87		1.33		0.97		0.97

		M2		72.68		72.38		72.43		70.84		71.38		71.36

		M3		12.12		11.24		12		11.94		10.29		12.65

		M4		14.24		15.77		15.03		16.13		17.46		15.12

		d1

		Mean

		Sub G0		0.73		0.68		0.79		0.87		0.85		0.93

		G0/G1		72.28		71.11		68.56		68.31		70.89		70.73

		S		9.98		10.01		11.44		11.66		10.44		11.23

		G2/M		17.27		18.48		19.56		19.54		18.08		17.40

		SD

		Sub G0		0.34		0.17		0.28		0.38		0.28		0.28

		G0/G1		2.38		2.31		3.64		3.84		2.00		1.34

		S		1.82		1.39		1.30		0.94		0.88		1.04

		G2/M		2.41		2.17		3.32		3.61		1.55		1.86





		0



d1(3/23)



		0



d3 (3/23)



		0		0		0		0		0		0		0.3404286514		0.168399327		0.2833578421		0.3796928583		0.2786126343		0.2839454173

		0		0		0		0		0		0		2.3765573841		2.3115579162		3.6367247169		3.843938952		2.0039377901		1.3442563

		0		0		0		0		0		0		1.8195122973		1.3858571355		1.2981108068		0.9350356499		0.8775914007		1.0427967204

		0		0		0		0		0		0		2.4067041779		2.1688149606		3.3186844783		3.6084195525		1.5501505303		1.8643586922



control

0 μM (0.1% THF)

5 μM

10 μM

20 μM

30 μM



		0		2.3765573841

		0		2.3115579162

		0		3.6367247169

		0		3.843938952

		0		2.0039377901

		0		1.3442563





		0		1.8195122973

		0		1.3858571355

		0		1.2981108068

		0		0.9350356499

		0		0.8775914007

		0		1.0427967204





		0		0.3404286514

		0		0.168399327

		0		0.2833578421

		0		0.3796928583

		0		0.2786126343

		0		0.2839454173





		0		2.3765573841

		0		2.3115579162

		0		3.6367247169

		0		3.843938952

		0		2.0039377901

		0		1.3442563





		0				1.8195122973

		0				1.3858571355

		0				1.2981108068

		0				0.9350356499

		0				0.8775914007

		0				1.0427967204





		0		2.4067041779

		0		2.1688149606

		0		3.3186844783

		0		3.6084195525

		0		1.5501505303

		0		1.8643586922





		d1		control		0 μM (0.1% THF)		5 μM		10 μM		20 μM		30 μM																								control		0 μM (0.1% THF)		5 μM		10 μM		20 μM		30 μM

		Sub G0				0.81		0.62		0.77		1		1.06

		G0/G1				70.98		71		70.54		69.52		67.29

		S				12.9		11.87		11.5		10.55		12.35

		G2/M				15.02		16.6		17.16		18.82		19.07

		d1

		Sub G0		0.67		1.07		0.67		0.78		0.81		0.74

		G0/G1		70.47		67.08		68.42		69.91		67.87		68.91

		S		14.49		13.84		12.29		14.53		13.29		12.74

		G2/M		14.67		18.32		18.78		15.14		18.24		17.86

		d1

		Sub G0		0.59		0.77		1.32		0.51		0.95		1.16

		G0/G1		73.82		72.2		72.33		68.81		66.83		66.53

		S		8.47		8.81		10.14		10.87		11.66		11.58

		G2/M		17.36		18.54		16.62		20.13		20.91		21.1

		d1

		Sub G0		1.24		0.76		0.67		0.86		0.75		0.82

		G0/G1		72.68		72.38		71.25		71.5		70.43		70.82

		S		12.12		11.24		11.38		10.55		12.08		11.5

		G2/M		14.24		15.77		16.84		17.19		17		16.99

		d1

		Sub G0

		G0/G1

		S

		G2/M

		d1

		Mean

		Sub G0		0.8333333333		0.8525		0.82		0.73		0.8775		0.945

		G0/G1		72.3233333333		70.66		70.75		70.19		68.6625		68.3875

		S		11.6933333333		11.6975		11.42		11.8625		11.895		12.0425

		G2/M		15.4233333333		16.9125		17.21		17.405		18.7425		18.755

		SD

		Sub G0		0.3544479275		0.1466003638		0.3341656276		0.1520964606		0.1170113955		0.1975685535

		G0/G1		1.7032420067		2.4663603413		1.6570857954		1.128627485		1.6171451182		1.9013043768

		S		3.0325951483		2.2047883496		0.9308419128		1.8215995718		1.1320335684		0.602570881

		G2/M		1.6909267676		1.7810741141		1.0522990703		2.0544342287		1.6322658076		1.7808705736





		0		0		0		0		0		0		0.3544479275		0.1466003638		0.3341656276		0.1520964606		0.1170113955		0.1975685535

		0		0		0		0		0		0		1.7032420067		2.4663603413		1.6570857954		1.128627485		1.6171451182		1.9013043768

		0		0		0		0		0		0		3.0325951483		2.2047883496		0.9308419128		1.8215995718		1.1320335684		0.602570881

		0		0		0		0		0		0		1.6909267676		1.7810741141		1.0522990703		2.0544342287		1.6322658076		1.7808705736



ab

ab

a

b

ab

b

ab

ab

a

ab

b

b

control

0 μM (0.1% THF)

5 μM

10 μM

20 μM

30 μM



		0

		0

		0

		0

		0

		0



G0/G1

concentration of b-carotene

%

0

1.7032420067

0

2.4663603413

0

1.6570857954

0

1.128627485

0

1.6171451182

0

1.9013043768

d3 (3/2)-2



		59.42

		66.55

		66.73

		57.45

		66.33



d3 (3/??)



		63.19

		77.26

		67.68

		68.53

		63.46

		68.81



d3 (3/23)



		41.4

		63.31

		38.34

		39.66

		44.62

		44.73



d5



		0		3.0325951483

		0		2.2047883496

		0		0.9308419128

		0		1.8215995718

		0		1.1320335684

		0		0.602570881



S

concentration of b-carotene

%



		0		0.3544479275

		0		0.1466003638

		0		0.3341656276

		0		0.1520964606

		0		0.1170113955

		0		0.1975685535





		0		1.7032420067

		0		2.4663603413

		0		1.6570857954

		0		1.128627485

		0		1.6171451182

		0		1.9013043768





		0		3.0325951483

		0		2.2047883496

		0		0.9308419128

		0		1.8215995718

		0		1.1320335684

		0		0.602570881





		0				1.6909267676

		0				1.7810741141

		0				1.0522990703

		0				2.0544342287

		0				1.6322658076

		0				1.7808705736






_1211107079.xls
Chart1

		control		8.1019766771

		0 μM (0.1% THF)		12.0880689181

		5 μM		16.5815949824

		10 μM		13.6011510433

		20 μM		15.3296799727

		30 μM		11.925620667



b

c

a

a

c

b

concentration of lutein

% of control

100

100.2878196521

78.9574649959

70.8706992548

58.5736152908

54.8638533597



3.14 day 1

																average		SD

		control		1.876				1.834				1.948		2.165		1.95575

		%		95.9222804551				93.7747667135				99.6037325834		110.699220248		100		7.5279848552

		0 mM (0.1% THF)		0.179		0.17		0.194		0.176		0.175		0.187

		%		9.1524990413		8.6923175252		9.9194682347		8.9991052026		8.947973923		9.5615492778		9.2121522008		0.4497421627

		2.5 mM		1.247		1.797		1.689		1.1		1.511		1.592

		%		63.7607056117		91.8829093698		86.3607311773		56.2444075163		77.2593634156		81.40099706		76.1515190251		13.6404863509

		5 mM		1.13		1.234		1.212		1.035		1.092		0.949

		%		57.7783459031		63.0959989774		61.971110827		52.9208743449		55.8353572798		48.5235843027		56.6875452725		5.5088743467

		10 mM		1.335		1.098		1.343		1.169		1.244		1.384

		%		68.260258213		56.1421449572		68.6693084494		59.772465806		63.607311773		70.7656909114		64.536196685		5.7231793422

		15 mM		1.105		1.319		1.229		1.261		1.26		1.497

		%		56.5000639141		67.44215774		62.8403425796		64.4765435255		64.4254122459		76.5435255017		65.3713409178		6.5712547109

		20 mM		1.461		1.525		1.322		1.236		1.271		1.164

		%		74.7027994376		77.9752013294		67.5955515787		63.1982615365		64.9878563211		59.5168094082		67.9960799352		7.0525154749

		30 mM		1.501		1.711		1.867		1.797		1.542		1.18

		%		76.74805062		87.4856193276		95.462098939		91.8829093698		78.8444330819		60.3349098811		81.7930035366		12.7722483876

				average		SD

		control		100		7.5279848552

		0 mM (0.1% THF)		9.2121522008		0.4497421627

		2.5 mM		76.1515190251		13.6404863509

		5 mM		56.6875452725		5.5088743467

		10 mM		64.536196685		5.7231793422

		15 mM		65.3713409178		6.5712547109

		20 mM		67.9960799352		7.0525154749

		30 mM		81.7930035366		12.7722483876





3.14 day 1

		0		7.5279848552

		0		0.4497421627

		0		13.6404863509

		0		5.5088743467

		0		5.7231793422

		0		6.5712547109

		0		7.0525154749

		0		12.7722483876



a

b

d

d

de

ce

cf

f



3.17 day 1

																				average		SD

		control		0.793		0.843		0.894		1.023		1.027		0.985		0.877		0.907		0.918625

		%		86.3246700231		91.7675874269		97.3193631787		111.3620900803		111.7975234726		107.2254728534		95.4687712614		98.7345217036		100		9.2935665824

		0 mM (0.1% THF)		0.354		0.341		0.294		0.339		0.353		0.402		0.392		0.39

		%		38.5358552184		37.1206966934		32.0043543339		36.9029799973		38.4269968703		43.761055926		42.6724724452		42.4547557491		38.9848959042		3.8821995729

		1 mM		0.153		0.139		0.139		0.686		0.143		0.142		0.144		0.156

		%		16.6553272554		15.1313103824		15.1313103824				15.5667437747		15.4578854266		15.6756021227		16.9819022996		15.8000116634		0.7314021976

		2 mM		0.661		0.501		0.64		0.448		0.506		0.702		0.582		0.623

		%		71.9553680773		54.5380323854		69.6693427677		48.7685399374		55.0823241257		76.4185603483		63.3555585794		67.8187508505		63.450809634		9.7342282833

		2.5 mM		0.611		0.633		0.578		0.653		0.512		0.486		0.455		0.693

		%		66.5124506736		68.9073343312		62.9201251871		71.0845012927		55.7354742142		52.9051571642		49.5305483739		75.4388352157		62.8793033066		9.2837249578

		5 mM		0.548		0.665		0.621		0.553		0.536		0.559		0.574		0.653

		%		59.6543747449		72.3908014696		67.6010341543		60.1986664852		58.348074568		60.8518165737		62.4846917948		71.0845012927		64.0767451354		5.4902785592

		7.5 mM		0.536		0.53		0.57		0.602		0.622		0.612		0.456		0.71

		%		58.348074568		57.6949244795		62.0492584025		65.5327255409		67.7098925024		66.6213090216		49.639406722		77.2894271329		63.1106272962		8.2375020876

		10 mM		0.698		0.147		0.464		0.584		0.162		0.834		0.649		0.622

		%		75.983126956				50.5102735066		63.5732752755				90.7878622942		70.6490679004		67.7098925024		69.8689164059		13.3764572323

		15 mM		0.565		0.511		0.596		0.425		0.415		0.529		0.578		0.727

		%		61.5049666621		55.6266158661		64.8795754524		46.2647979317		45.1762144509		57.5860661314		62.9201251871		79.1400190502		59.1372975915		10.8781731489

		20 mM		0.929		0.511		0.596		0.425		0.425		0.529		0.578		0.727

		%		101.1294053613		55.6266158661		64.8795754524		46.2647979317		46.2647979317		57.5860661314		62.9201251871		79.1400190502		64.226425364		18.3212189577

		25 mM		0.437		0.435		0.354		0.387		0.442		0.481		0.467		0.614

		%		47.5710981086		47.3533814124		38.5358552184		42.1281807049		48.115389849		52.3608654239		50.8368485508		66.8390257178		49.2175806232		8.4072877559

		30 mM		0.757		0.696		0.622		0.779		0.637		0.694		0.961		0.979

		%		82.4057694924		75.7654102599		67.7098925024		84.8006531501		69.3427677235		75.5476935638		104.6128724997		106.572322765		83.3446727446		14.8977431951

				average		SD

		control		100		9.2935665824

		0 mM (0.1% THF)		38.9848959042		3.8821995729

		1 mM		15.8000116634		0.7314021976

		2 mM		63.450809634		9.7342282833

		2.5 mM		62.8793033066		9.2837249578

		5 mM		64.0767451354		5.4902785592

		7.5 mM		63.1106272962		8.2375020876

		10 mM		69.8689164059		13.3764572323

		15 mM		59.1372975915		10.8781731489

		20 mM		64.226425364		18.3212189577

		25 mM		49.2175806232		8.4072877559

		30 mM		83.3446727446		14.8977431951





3.17 day 1

		0		9.2935665824

		0		3.8821995729

		0		0.7314021976

		0		9.7342282833

		0		9.2837249578

		0		5.4902785592

		0		8.2375020876

		0		13.3764572323

		0		10.8781731489

		0		18.3212189577

		0		8.4072877559

		0		14.8977431951



c

b

cd

c

c

bd

cd

c

c

e

c

a



3.18 day 1

																average		SD

		control		0.657		0.611		0.771		0.789		1.112		1.531		0.9118333333

		%		72.052641199		67.0078596235		84.5549259733		86.5289709377		121.9521111314		167.9034911351		100		38.4248211908

		0 mM (0.1% THF)		0.585		0.676		0.715		0.744		1.182		1.209

		%		64.1564613416		74.1363553281		78.4134527509		81.5938585268		129.6289526595		132.590020106		93.4198501188		29.7947863117

		1 mM		0.515		0.654		0.725		0.873		0.932		1.186

		%		56.4796198136		71.723633705		79.5101443977		95.7411807713		102.2116614878		130.0676293182		89.2889782489		25.8926474656

		2 mM		0.377		0.595		0.676		0.954		0.144		1.038

		%		41.3452750868		65.2531529885		74.1363553281		104.6243831109		15.7923597149		113.8365929446		69.164686529		37.1900841954

		5 mM		0.297		0.4		0.506		0.979		0.942		1.017

		%		32.5717419119		43.8676658746		55.4925973314		107.3661122281		103.3083531347		111.5335404862		75.6900018278		35.5828304513

		10 mM		0.323		0.457		0.661		0.789		0.886		0.654

		%		35.4231401937		50.1188082617		72.4913178578		86.5289709377		97.1668799123		71.723633705		68.9087918114		22.8214829903

		15 mM		0.284		0.3639		0.431		0.572		0.639		0.856

		%		31.146042771		39.9086090294		47.2674099799		62.7307622007		70.0785962347		93.8768049717		57.5013708646		22.8803316477

		20 mM		0.712		0.897		0.907		0.884		0.883		0.76

		%		78.0844452568		98.3732407238		99.4699323707		96.9475415829		96.8378724182		83.3485651618		92.176932919		9.0840896211

		25 mM		0.419		0.373		0.493		0.915		0.775		0.934

		%		45.9513800037		40.9065984281		54.0668981905		100.3472856882		84.9936026321		102.4309998172		71.4494607933		27.7976828896

		30 mM		0.158		0.159		0.141		0.159		0.164		0.169

		%		17.3277280205		17.4373971852		15.4633522208		17.4373971852		17.9857430086		18.534088832		17.3642844087		1.0373257626

				average		SD

		control		100		38.4248211908

		0 mM (0.1% THF)		93.4198501188		29.7947863117

		1 mM		89.2889782489		25.8926474656

		2 mM		69.164686529		37.1900841954

		5 mM		75.6900018278		35.5828304513

		10 mM		68.9087918114		22.8214829903

		15 mM		57.5013708646		22.8803316477

		20 mM		92.176932919		9.0840896211

		25 mM		71.4494607933		27.7976828896

		30 mM		17.3642844087		1.0373257626





3.18 day 1

		0		38.4248211908

		0		29.7947863117

		0		25.8926474656

		0		37.1900841954

		0		35.5828304513

		0		22.8214829903

		0		22.8803316477

		0		9.0840896211

		0		27.7976828896

		0		1.0373257626



b
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bd

ab
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a

b

b

c

a



3.23 day 1

																average		SD

		control		1.103		1.034		1.341		1.031		1.426		1.422		1.2261666667

		%		89.9551447601		84.3278510262		109.3652303928		84.0831860813		116.2974038331		115.9711839065		100		15.5451083171

		0 mM (0.1% THF)		1.093		0.979		1.144		0.867		1.006

		%		89.1395949436		79.8423270355		93.2988990077		70.7081690907		82.04431154				83.0066603235		8.7426407785

		1 mM		1.378		1.001		0.979		1.354		1.519

		%		112.3827647139		81.6365366318		79.8423270355		110.4254451543		123.8820171265				101.6338181324		19.7647114097

		2 mM		1.356		1.488		1.206		1.366		1.128

		%		110.5885551176		121.3538126954		98.3553078701		111.4041049341		91.9940193013				106.7391599837		11.5960745317

		5 mM		1.157		1.313		1.3		1.296		1.183		0.979

		%		94.3591137692		107.0816909066		106.0214761452		105.6952562186		96.4795432921		79.8423270355		98.2465678945		10.4970692273

		10 mM		1.03		1.063		1.027		1.161		1.087		1.041

		%		84.0016310996		86.6929454941		83.7569661547		94.6853336958		88.6502650537		84.8987358978		87.1143128993		4.1406859821

		15 mM		0.163		0.155		0.15		0.13		0.156

		%		13.293462009		12.6410221558		12.2332472475		10.6021476145		12.7225771374				12.2984912328		1.0209042049

		20 mM		0.158		0.157		0.156		0.154

		%		12.8856871007		12.8041321191		12.7225771374		12.5594671741						12.7429658828		0.1392816469

		30 mM		0.154		0.153		0.148		0.149

		%		12.5594671741		12.4779121925		12.0701372842		12.1516922659						12.3148022292		0.2400913651

				average		SD

		control		100		15.5451083171

		0 mM (0.1% THF)		83.0066603235		8.7426407785

		1 mM		101.6338181324		19.7647114097

		2 mM		106.7391599837		11.5960745317

		5 mM		98.2465678945		10.4970692273

		10 mM		87.1143128993		4.1406859821

		15 mM		12.2984912328		1.0209042049

		20 mM		12.7429658828		0.1392816469

		30 mM		12.3148022292		0.2400913651





3.23 day 1

		0		15.5451083171

		0		8.7426407785

		0		19.7647114097

		0		11.5960745317

		0		10.4970692273

		0		4.1406859821

		0		1.0209042049

		0		0.1392816469

		0		0.2400913651
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b

d

d

d

a
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4.16 day 1

																average		SD

		control		1.182				0.795		0.896		0.897		0.898		0.9336

		%		126.6066838046				85.1542416452		95.9725792631		96.0796915167		96.1868037704		100		15.6080233061

		0 mM (0.1% THF)		0.941		0.78		0.79		0.886		0.899		0.787

		%		100.7926306769		83.5475578406		84.618680377		94.9014567266		96.293916024		84.2973436161		90.7419308769		7.4823614704

		1 mM		0.587		0.758		0.72		0.698		0.729		0.613

		%		62.8748928877		81.1910882605		77.1208226221		74.764353042		78.0848329049		65.6598114824		73.2826335333		7.3343090271

		2 mM		0.652		0.695		0.809		0.925		0.972		0.678

		%		69.8371893745		74.4430162811		86.6538131962		99.0788346187		104.1131105398		72.6221079692		84.4580119966		14.5538318891

		5 mM		0.74		0.864		0.844				0.94		0.677

		%		79.2630676949		92.5449871465		90.4027420737				100.6855184233		72.5149957155		87.0822622108		11.1720699274

		10 mM		1.003		0.918		0.881		1.023

		%		107.4335904027		98.3290488432		94.3658954584		109.5758354756						102.426092545		7.2559493506

		15 mM		1.169		0.975		1.043		0.89		1.098		1.015

		%		125.2142245073		104.4344473008		111.7180805484		95.3299057412		117.6092544987		108.7189374464		110.5041416738		10.379098158

		20 mM		1.369		1.269		1.55		1.525		1.207		1.38

		%		146.6366752356		135.9254498715		166.0239931448		163.3461868038		129.2844901457		147.8149100257		148.1719508712		14.5475108408

		25 mM						1.557		1.755		2.016		1.736

		%						166.7737789203		187.9820051414		215.9383033419		185.9468723222		189.1602399314		20.247899358

		30 mM		1.32		1.459		1.654		1.372		1.192		1.421

		%		141.3881748072		156.2767780634		177.1636675236		146.9580119966		127.677806341		152.206512425		150.2784918595		20.3818182506

				average		SD

		control		100		15.6080233061

		0 mM (0.1% THF)		90.7419308769		7.4823614704

		1 mM		73.2826335333		7.3343090271

		2 mM		84.4580119966		14.5538318891

		5 mM		87.0822622108		11.1720699274

		10 mM		102.426092545		7.2559493506

		15 mM		110.5041416738		10.379098158

		20 mM		148.1719508712		14.5475108408

		25 mM		189.1602399314		20.247899358

		30 mM		150.2784918595		20.3818182506





4.16 day 1

		0		15.6080233061

		0		7.4823614704

		0		7.3343090271

		0		14.5538318891

		0		11.1720699274

		0		7.2559493506

		0		10.379098158

		0		14.5475108408

		0		20.247899358

		0		20.3818182506
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4.16 day 1 (2)

																average		SD

		control		1.909		1.943		1.981		1.732				1.912		1.8954

		%		100.7175266435		102.5113432521		104.5161971088		91.3791284162				100.8758045795		100		5.0572765958

		0 mM (0.1% THF)		2.181		1.912		1.472		1.59		1.723		1.676

		%				100.8758045795		77.6617072913		83.8873061095		90.904294608		88.4246069431		88.3507439063		8.6252681483

		1 mM		2.016		1.845		1.383		1.059		1.221		0.999

		%				97.3409306743		72.9661285217		55.8721114277		64.4191199747		52.7065527066		68.660968661		17.8687307927

		2 mM		1.407		1.152		1.083		1.3473		1.212		0.968

		%		74.2323520101		60.7787274454		57.1383349161		71.0826210826		63.9442861665		51.071014034		63.0412226091		8.6483507247

		5 mM		0.95		0.924		1.196		1.564		0.943		0.833

		%		50.1213464176		48.7496043052		63.1001371742		82.515563997		49.7520312335		43.9485069115		56.3645316732		14.3114792176

		10 mM		1.152		0.954		1.238		0.81		0.724

		%		60.7787274454		50.3323836657		65.316028279		42.735042735		38.1977419014				51.4719848053		11.5337696617

		15 mM		1.138		1.174		1.391

		%		60.0400970771		61.9394323098		73.3882030178								65.1225774683		7.2209620464

		20 mM		1.667		0.988		1.423		0.783		0.863		1.013

		%		87.949773135		52.1262002743		75.0765010024		41.3105413105		45.531286272		53.4451830748		59.2399141782		18.2681482812

		25 mM		1.039		1.045		1.325		0.935		1.505		1.545

		%		54.8169251873		55.1334810594		69.9060884246		49.3299567374		79.4027645879		81.5131370687		65.0170588442		13.7897407208

		30 mM		1.879		1.501		1.083		0.878		1.176

		%		99.1347472829		79.1917273399		57.1383349161		46.3226759523		62.0449509338				68.766487285		8.0440795015

				average		SD

		control		100		5.0572765958

		0 mM (0.1% THF)		88.3507439063		8.6252681483

		1 mM		68.660968661		17.8687307927

		2 mM		63.0412226091		8.6483507247

		5 mM		56.3645316732		14.3114792176

		10 mM		51.4719848053		11.5337696617

		15 mM		65.1225774683		7.2209620464

		20 mM		59.2399141782		18.2681482812

		25 mM		65.0170588442		13.7897407208

		30 mM		68.766487285		8.0440795015





4.16 day 1 (2)

		0		5.0572765958

		0		8.6252681483

		0		17.8687307927

		0		8.6483507247

		0		14.3114792176

		0		11.5337696617

		0		7.2209620464

		0		18.2681482812

		0		13.7897407208

		0		8.0440795015



d

bc

cd

b

a

a

a

d

d



6.2 day 1 (1)

																		average		SD

		control		1.62		1.408		0.655		0.604		0.899		1.005				1.0318333333

		%		157.0020998223		136.4561460184		63.479244064		58.5365853659		87.1264739137		97.3994508157				100		39.506356106

		0 mM (0.1% THF)		1.476		1.251		1.216		1.515		1.374		1.136

		%		143.0463576159		121.2405104183		117.8484897432		146.8260377968		133.1610402197		110.0952996285				128.7029559037		14.6547342934

		5 mM		0.155		1.082		0.889		1.217		1.545		1.536		1.321

		%				104.8618963011		86.1573251494		117.9454046196		149.7334840898		148.8612502019		128.0245517687		122.5973186884		24.9787072165

		10 mM		0.161		1.034		1.122		1.111		1.317		1.209		1.332

		%				100.2099822323		108.7384913584		107.6724277177		127.636892263		117.1700856081		129.0906154095		115.0864157648		11.6150366828

		20 mM		0.168		0.166		0.16		0.159		0.161		1.093		1.03

		%		16.2816992408		16.087869488		15.5063802294		15.4094653529		15.6032951058						15.7777418834		0.3840080004

		30 mM		0.18		0.176		0.172		0.178		0.167		0.178		0.176

		%		17.444677758		17.0570182523		16.6693587466		17.2508480052		16.1847843644		17.2508480052		17.0570182523		16.9877933406		0.4287476078

				average		SD

		control		100		39.506356106

		0 μM (0.1% THF)		128.7029559037		14.6547342934

		5 μM		122.5973186884		24.9787072165

		10 μM		115.0864157648		11.6150366828

		20 μM		15.7777418834		0.3840080004

		30 μM		16.9877933406		0.4287476078





6.2 day 1 (1)

		0		39.506356106

		0		14.6547342934

		0		24.9787072165

		0		11.6150366828

		0		0.3840080004

		0		0.4287476078
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b

b

b

concentration of lutein

% of control



6.2 day 1 (2)

																		average		SD

		control		0.931		1.119		1.547		1.448		1.202		1.309				1.2593333333

		%		73.928004235		88.8565378507		122.8427739545		114.9814716781		95.4473266278		103.9438856538				100		17.812600014

		0 mM (0.1% THF)		1.355		1.069		0.903		1.1		1.076		0.943

		%		107.596611964		84.8861831657		71.7046056114		87.3478030704		85.4420328216		74.8808893594				85.3096876654		12.6088530184

		5 mM		1.279		0.931		1.058		0.887		0.747		0.887		0.88

		%		101.5616728428		73.928004235		84.012705135		70.4340921122		59.3170989942		70.4340921122		69.8782424563		75.6522725554		13.5326955343

		10 mM		0.934		0.977		1.053		1.483		0.833		0.771		0.82

		%		74.1662255161		77.5807305453		83.6156696665		117.7607199576		66.1461090524		61.222869243		65.1138168343		77.9437344022		19.2151963036

		20 mM		1.118		1.465		1.04		1.449		0.889		0.725		1.028

		%		88.777130757		116.331392271		82.5833774484		115.0608787718		70.5929062996		57.5701429328		81.630492324		87.5066172578		21.7284469247

		30 mM		0.939		0.857		0.714		0.801		0.534		0.529		0.651

		%		74.5632609846		68.0518793012		56.6966649021		63.605082054		42.403388036		42.0063525675		51.6940179989		57.0029494063		12.5190203416

				average		SD

		control		100		17.812600014

		0 μM (0.1% THF)		85.3096876654		12.6088530184

		5 μM		75.6522725554		13.5326955343

		10 μM		77.9437344022		19.2151963036

		20 μM		87.5066172578		21.7284469247

		30 μM		57.0029494063		12.5190203416





6.2 day 1 (2)

		0		17.812600014

		0		12.6088530184

		0		13.5326955343

		0		19.2151963036

		0		21.7284469247

		0		12.5190203416
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b
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6.2 day 1 (3)

																		average		SD

		control		0.745		0.907		1.007		1.088		1.098		1.066				0.9851666667

		%		75.6217222128		92.0656403316		102.2162070716		110.4381661309		111.4532228049		108.2050414481				100		13.9256626052

		0 mM (0.1% THF)		1.227		1.504		1.198		1.247		1.304		1.124

		%		124.5474538995		152.6645237692		121.6037895449		126.5775672475		132.3633902893		114.0923701573				128.641515818		13.2150347548

		5 mM		0.83		1.13		1.308		1.154		1.013		1.065		1.225

		%		84.2497039418		114.7014041617		132.7694129589		117.1375401793		102.825241076		108.1035357807		124.3444425647		112.0187543805		15.7420921121

		10 mM		0.601		0.932		0.861		0.879		1.044		1.212		1.17

		%		61.0049061073		94.6032820166		87.3963796312		89.2234816444		105.9719167654		123.0248688885		118.7616308577		97.1409237016		21.1554305701

		20 mM		0.854		0.84		0.931		0.954		1.015		1.05		1.325

		%		86.6858399594		85.2647606158		94.5017763492		96.8364066994		103.0282524108		106.5809507698		134.4950093047		101.0561423013		16.679377286

		30 mM		0.835		1.021		0.865		1.108		0.953		0.889		0.966

		%		84.7572322788		103.6372864152		87.8024023008		112.4682794789		96.734901032		90.2385383184		98.0544747082		96.2418735046		9.6667701765

				average		SD

		control		100		13.9256626052

		0 μM (0.1% THF)		128.641515818		13.2150347548

		5 μM		112.0187543805		15.7420921121

		10 μM		97.1409237016		21.1554305701

		20 μM		101.0561423013		16.679377286

		30 μM		96.2418735046		9.6667701765





6.2 day 1 (3)

		0		13.9256626052

		0		13.2150347548

		0		15.7420921121

		0		21.1554305701

		0		16.679377286

		0		9.6667701765
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b

b

b

concentration of lutein

% of control



6.4 day 1

																		average		SD

		control								0.58		0.773		0.792				0.715

		%								81.1188811189		108.1118881119		110.7692307692				100		16.405421517

		0 mM (0.1% THF)		0.752		0.64		0.923		0.873		1.071		0.968

		%		105.1748251748		89.5104895105		129.0909090909		122.0979020979		149.7902097902		135.3846153846				121.8414918415		21.634409243

		5 mM		0.85		0.818		0.562		0.634		0.648		0.888		0.86

		%		118.8811188811		114.4055944056		78.6013986014		88.6713286713		90.6293706294		124.1958041958		120.2797202797		105.0949050949		18.4980315209

		10 mM		0.657		0.497		0.687		0.587		0.532		0.646		0.669

		%		91.8881118881		69.5104895105		96.0839160839		82.0979020979		74.4055944056		90.3496503497		93.5664335664		85.4145854146		10.2606626973

		20 mM		0.942		0.639		0.827		0.667		0.556		0.636		0.711

		%		131.7482517483		89.3706293706		115.6643356643		93.2867132867		77.7622377622		88.951048951		99.4405594406		99.4605394605		18.3768326886

		30 mM		0.523		0.529		0.534		0.567		0.483		0.324		0.381

		%		73.1468531469		73.986013986		74.6853146853		79.3006993007		67.5524475524		45.3146853147		53.2867132867		66.7532467532		12.617088635

				average		SD

		control		100		16.405421517

		0 μM (0.1% THF)		121.8414918415		21.634409243

		5 μM		105.0949050949		18.4980315209

		10 μM		85.4145854146		10.2606626973

		20 μM		99.4605394605		18.3768326886

		30 μM		66.7532467532		12.617088635





6.4 day 1

		0		16.405421517

		0		21.634409243

		0		18.4980315209

		0		10.2606626973

		0		18.3768326886

		0		12.617088635
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b

b

b

concentration of lutein

% of control



6.13 day 1

																		average		SD

		control		1.301		1.065		1.388		1.101		1.148		1.229				1.2053333333

		%		107.9369469027		88.357300885		115.1548672566		91.3440265487		95.2433628319		101.9634955752				100		10.2919809444

		0 mM (0.1% THF)		1.885		1.816		1.814		1.694		1.155		1.108

		%		156.3882743363		150.6637168142		150.4977876106		140.5420353982		95.8241150442		91.9247787611				130.9734513274		29.2118193965

		5 mM		0.946		0.949		0.884		1.014		0.685		1.123		1.154

		%		78.4845132743		78.7334070796		73.3407079646		84.1261061947		56.8307522124		93.1692477876		95.7411504425		80.060840708		13.0593064953

		10 mM		1.027		1.162		1.257		1.195		1.068		1.24		1.206

		%		85.2046460177		96.4048672566		104.2865044248		99.142699115		88.6061946903		102.8761061947		100.0553097345		96.6537610619		7.195475478

		20 mM		1.6		2.191		1.727		1.786		0.939		1.739		1.672

		%		132.7433628319				143.2798672566		148.1747787611		77.9037610619		144.2754424779		138.7168141593		130.8490044248		26.471372705

		30 mM		1.344		1.665		1.661		1.801		1.508		1.81		1.656

		%		111.5044247788		138.1360619469		137.8042035398		149.4192477876		125.110619469		150.1659292035		137.389380531		135.6471238938		13.5906721298

				average		SD

		control		100		10.2919809444

		0 μM (0.1% THF)		130.9734513274		29.2118193965

		5 μM		80.060840708		13.0593064953

		10 μM		96.6537610619		7.195475478

		20 μM		130.8490044248		26.471372705

		30 μM		135.6471238938		13.5906721298





6.13 day 1

		0		10.2919809444

		0		29.2118193965

		0		13.0593064953

		0		7.195475478

		0		26.471372705

		0		13.5906721298



a

a

b

b

b

b

concentration of lutein

% of control



5.21 day 1

																		average		SD

		control		1.104		1.121		1.063		1.158		1.312		1.112				1.145

		%		96.4192139738		97.903930131		92.8384279476		101.135371179		114.5851528384		97.1179039301				100		9.408394653

		0 mM (0.1% THF)		1.186		1.124		1.206		1.237		1.282		1.334

		%		103.5807860262		98.1659388646		105.327510917		108.0349344978		111.9650655022		116.5065502183				107.2634643377		6.4530591387

		5 mM		0.956		0.781		0.858		0.693		0.635		0.577		0.141

		%		83.4934497817		68.2096069869		74.9344978166		60.5240174672		55.4585152838		50.3930131004				65.5021834061		12.4412925066

		10 mM		0.927		0.804		0.718		0.715		0.67		0.649		0.596

		%		80.96069869		70.2183406114		62.7074235808		62.4454148472		58.5152838428		56.6812227074		52.0524017467		63.368683718		9.6092173066

		20 mM		0.958		0.62		0.688		0.718		0.774		0.655		0.445

		%		83.6681222707		54.1484716157		60.0873362445		62.7074235808		67.5982532751		57.2052401747		38.864628821		60.6113537118		13.6099837312

		30 mM		0.183		0.707		0.744		0.689		0.686		0.557		0.317

		%				61.7467248908		64.9781659389		60.1746724891		59.9126637555		48.6462882096		27.6855895197		53.8573508006		13.9614210097

				average		SD

		control		100		9.408394653

		0 μM (0.1% THF)		107.2634643377		6.4530591387

		5 μM		65.5021834061		12.4412925066

		10 μM		63.368683718		9.6092173066

		20 μM		60.6113537118		13.6099837312

		30 μM		53.8573508006		13.9614210097





5.21 day 1

		0		9.408394653

		0		6.4530591387

		0		12.4412925066

		0		9.6092173066

		0		13.6099837312

		0		13.9614210097



a

a

b

bc

c

c

concentration of lutein

% of control



5.25 day 1

																		average		SD

		control		0.977		0.876		1.075		0.978		0.911		1.114				0.9885

		%		98.8366211431		88.6191198786		108.7506322711		98.937784522		92.1598381386		112.6960040465				100		9.3277170358

		0 mM (0.1% THF)		0.932		0.893		1.075		0.911		0.732		0.14

		%		94.2842690946		90.3388973192		108.7506322711		92.1598381386		74.0515933232						91.9170460293		12.3561449546

		5 mM		0.344		0.911		0.955		0.851		0.951		0.922		0.891

		%				92.1598381386		96.6110268083		86.0900354072		96.2063732929		93.272635306		90.1365705615		92.4127465857		3.9491311869

		10 mM		0.945		0.936		0.718		0.624		0.778		0.625		0.797

		%		95.5993930197		94.68892261		72.6353060192		63.1259484067		78.7051087506		63.2271117855		80.6272129489		78.3727147915		13.3100298213

		20 mM		0.49		0.202		0.608		0.617		0.681		0.579		0.735

		%		49.5700556399		20.4350025291		61.507334345		62.4178047547		68.8922610015		58.5735963581		74.3550834598		56.5358768697		17.7269329537

		30 mM		0.73		0.639		0.46		0.465		0.557		0.431		0.574

		%		73.8492665655		64.6433990895		46.5351542742		47.0409711684		56.3480020233		43.6014162873		58.0677794638		55.7265698389		10.9601590164

				average		SD

		control		100		9.3277170358

		0 μM (0.1% THF)		91.9170460293		12.3561449546

		5 μM		92.4127465857		3.9491311869

		10 μM		78.3727147915		13.3100298213

		20 μM		56.5358768697		17.7269329537

		30 μM		55.7265698389		10.9601590164





5.25 day 1

		0		9.3277170358

		0		12.3561449546

		0		3.9491311869

		0		13.3100298213

		0		17.7269329537

		0		10.9601590164



a

ab

a

b

c

c

concentration of lutein

% of control



521+525

		24 h																														mean		SD

		control		96.4192139738		97.903930131		92.8384279476		101.135371179		114.5851528384		97.1179039301				98.8366211431		88.6191198786		108.7506322711		98.937784522		92.1598381386		112.6960040465				100		8.1019766771

		0 μM (0.1% THF)		103.5807860262		98.1659388646		105.327510917		108.0349344978		111.9650655022		116.5065502183				94.2842690946		90.3388973192		108.7506322711		92.1598381386		74.0515933232						100.2878196521		12.0880689181

		5 μM		83.4934497817		68.2096069869		74.9344978166		60.5240174672		55.4585152838		50.3930131004						92.1598381386		96.6110268083		86.0900354072		96.2063732929		93.272635306		90.1365705615		78.9574649959		16.5815949824

		10 μM		80.96069869		70.2183406114		62.7074235808		62.4454148472		58.5152838428		56.6812227074		52.0524017467		95.5993930197		94.68892261		72.6353060192		63.1259484067		78.7051087506		63.2271117855		80.6272129489		70.8706992548		13.6011510433

		20 μM		83.6681222707		54.1484716157		60.0873362445		62.7074235808		67.5982532751		57.2052401747		38.864628821		49.5700556399		20.4350025291		61.507334345		62.4178047547		68.8922610015		58.5735963581		74.3550834598		58.5736152908		15.3296799727

		30 μM				61.7467248908		64.9781659389		60.1746724891		59.9126637555		48.6462882096		27.6855895197		73.8492665655		64.6433990895		46.5351542742		47.0409711684		56.3480020233		43.6014162873		58.0677794638		54.8638533597		11.925620667





521+525

		0		8.1019766771

		0		12.0880689181

		0		16.5815949824

		0		13.6011510433

		0		15.3296799727

		0		11.925620667



b

c

a

a

c

b

concentration of b-carotene

% of control



		0		8.1019766771

		0		12.0880689181

		0		16.5815949824

		0		13.6011510433

		0		15.3296799727

		0		11.925620667



b

c

a

a

c

b
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