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ABSTRACT 
Moderate beer consumption can be considered as part of a healthy diet since it may protect against heart disease, 
cancer and osteoporosis. The protective effects of beer reside in its polyphenol content whose chemical composi-
tion appears extremely complex. In the present study, five commercial beers with different polyphenol content 
(ranging between 690 - 2400 μM equivalents of quercetin) were employed to investigate their cytotoxic effect in 
vitro on HL-60 cells derived from a human promyelocytic leukemia cell line. A significant reduction in cell via- 
bility was measured after 48 hours treatment. Lyophilized beers with higher polyphenol content showed the 
highest cytotoxicity compared to those with lower concentrations. However, when the assay was performed ap- 
plying equal amounts of total polyphenols from different lyophilized beers, the sample possessing lowest amount 
of polyphenols (690 μM equivalents of quercetin) resulted the most effective in reducing cell viability. These data 
suggest that the biological activities of polyphenols present in beer are not simply dependent upon their total 
concentration, but qualitative profile and relative concentrations are even more important in determining their 
antiproliferative effects on cancer cells. 
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1. Introduction 
The concept of chemoprevention is related to the use of 
pharmacological or natural products to counteract the 
progression of precancerous cells [1-3]. Many dietary com- 
ponents appear to act as potential chemopreventers. In 
fact, experimental evidence derived from laboratory and 
epidemiological studies suggest a possible inverse rela- 
tionship between regular intake of vegetables, such as 
fruit and vegetables, and cancer development [3-5]. The 
beneficial effects of fruits and vegetables in the preven- 
tion of cancer are probably related to the presence of 
non-nutrient substances, generally defined as phytoche- 
micals, with the relevant cytotoxic activity against cancer 
cells in preclinical models [6-8]. A mechanism is often 

evoked to explain the biological activity of phytochemi- 
cals referring to their antioxidant properties, although re- 
cent reports suggest the existence of alternative mechan- 
isms involving their pro-oxidant activity [9,10] and/or 
the capacity to trigger key factors regulating cell prolife-
ration and cell death [3,11,12]. 

In addition to fruits and vegetables, non-alcoholic and 
alcoholic beverages, such as tea, red wines and beers 
contain phytochemicals possessing biological activities. 
Beer is produced by the saccharification of starch and 
fermentation of the resulting sugar. Most beers are fla- 
vored with hops, which add bitterness and act as a natural 
preservative. Beer is the world’s most widely consumed 
alcoholic beverage and is the third-most popular drink 
overall, after water and tea [13,14]. Recently, it has been 
reviewed the role of a moderate consumption of beer 
against the occurrence of cardiovascular disease (CVD), 
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hypertension, diabetes, and certain types of cancer, in- 
cluding colon, basal cell, ovarian, and prostate carcinoma, 
but to a lesser extent than wine intake, probably because 
of the lower phenolic content of beer [14,15]. However, a 
meta-analysis suggested that high consumption of beer 
and liquors may be associated with increased lung cancer 
risk, whereas modest wine consumption may be inverse- 
ly associated with risk [16]. On the opposite, a different 
meta-analysis confirmed the J-shaped association be- 
tween wine consumption and vascular risk and provided 
evidence for a similar relationship between beer and 
vascular risk [17]. More consistent are data obtained on 
animal models. As an example, beer intake prevented 
adryamicin-induced damage to mitochondrial chain com- 
ponents in Wistar male rats [18] and, in a pig model of 
myocardial infarction, beer intake was associated with 
lower oxidative stress, higher HDL-antioxidant capacity 
and improved global cardiac performance [19]. Similarly, 
intake of beer reduced the formation of colorectal tumors 
and preneoplastic lesions in azoxymethane-induced ex- 
perimental carcinogenesis in male Fischer rats [20]. 

Data on the chemopreventive effects of hops and beer 
compounds (e.g., the prenylflavonoids: xanthohumol, iso- 
xanthohumol and hop bitter acids exclusively present in 
beer compared to wine) on malignant cell lines have been 
extensively reviewed [14,21-23]. Dark beers possess the 
highest total phenolic and melanoidin content respect to 
alcohol-free beer [22], and the total antioxidant capacity 
of beer is strongly correlated with total polyphenol con- 
tent [24]. Several evidences suggest a relevant biological 
role of hop-derived molecules, such as xanthohumol, 
isoxanthohumol and hop bitter acids. Xanthohumol is the 
most important and abundant prenylated flavonoids of 
the female inflorescences of the hop plant. During the 
brewing, 20% - 30% of the molecule is converted in 
isoxanthohumol [25]. Xanthohumol have protective ac- 
tivity on several pathologies, such as cardiovascular dis- 
eases [26] and cancer [27]. The molecule induces a high- 
er rate of apoptosis in glioblastoma cells than in normal 
astrocytes, which was associated with activation of p53 
and an elevated Bax/Bcl-2 ratio in glioblastoma cells 
[28]. Furthermore, xanthohumol is known to be an effec- 
tive inhibitor of cytochrome P450 enzymes and an in- 
ducer of NAD(P)H: quinone reductase (QR) in HepG2 
hepatoma cell line [29]. The molecule also increases tu- 
mour necrosis factor-induced apoptosis in leukemia and 
myeloma cells. This enhancement of cell death is corre- 
lated with down-regulation of nuclear factor-kappaB 
(NF-κB) survivin, Bcl-xL, XIAP, cIAP1, cIAP2, cylin 
D1, and c-myc [30]. Intraperitoneal treatment of xantho- 
humol, in doses ranging between 0.2 and 0.4 mg/Kg in 
rats with middle cerebral artery occlusion produced an 
evident reduction in infarct size compared to that in un- 
treated animal control. This property is probably due to 
the inhibition of free radical formation and apoptosis, 

contributing to an improvement of the neurobehavior 
[31]. Regarding animal models of carcinogenesis, sup- 
plementation with isohumulones inhibited the formation 
of aberrant crypt foci with the concomitant decrease in 
prostaglandin E2 level in rat colon [32]. 

We previously demonstrated that a lyophilized prepa- 
ration of beer with high phenolic content and antioxidant 
activity was cytotoxic with respect to a beer containing 
low polyphenols on HL-60 human leukemia cell line [24]. 
In the present study, we extended this initial observation 
analyzing five commercial beers characterized by differ- 
ent polyphenol content. We concluded that their cytotox- 
ic effect on HL-60 cells was related to the specific profile 
of active compounds and their different origin, e.g., hops 
versus malts. 

2. Material and Methods 
2.1. Chemicals 
Folin-Ciocalteau’s phenol reagent (FCR), sodium carbo- 
nate, quercetin, neutral red, sodium chloride, dithiothrei- 
tol, and Triton X-100 were purchased from Sigma-Al- 
drich (Milan, Italy). RPMI medium, glutamine, penicillin, 
streptomycin, PBS (phosphate-buffered saline) tablets 
were purchased from Life Technologies (Monza, Italy). 
Fetal bovine serum (FBS) was from Lonza (Verviers, 
Belgium). All reagents used in this study were of pure, 
analytical grade. 

2.2. Beers Components and Preparation 
The beers tested in the present study have been the fol-
lowing: Samples 1 and 2 are obtained from pure lager 
malt, without hop and with low fermentation. The yeast 
employed is Saccaromices cerevisiae. Sample 3 is from 
melanoidin malt, with hop and highly fermented em- 
ploying an “abbazia” yeast. Finally, Samples 4 and 5 are 
prepared with a mixture of malts and hops under low 
fermentation. Also in this case, the yeast employed is S. 
cerevisiae. All beers are filtered and pasteurized. 

2.3. Determination of Alcohol Content, Total  
Acidity, Volatile Acidity, Dry Matter and  
Ash 

Beers (300 - 500 ml) were decanted in a 750  ml flask, 
excess of carbon dioxide was removed by shaking. The 
beers were filtered through a dry filter paper by a cov- 
ered funnel into a second flask. The shaking and filtering 
were repeated until the beers were completely degassed. 
The ethanol was separated by distillation. The density 
was measured at 20˚C by a pycnometer, after making up 
the distillate to its original mass with water. Alcohol 
content is listed by volume. Total acidity was determined 
in a 100 ml Erlenmeyer flask where 50 ml of degassed 
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beers were titrated with a 0.1 N NaOH solution in the 
presence of phenolphthalein as the indicator, until the 
appearance of a pale pink color that should persist for 1   
min. Calculate as ml of 0.1 N sodium hydroxide required 
to neutralize the acidity of 100 ml of the sample. The 
volatile acid like acetic acid was determined by titrating 
20 ml of the alcohol distillate with 0.1 NaOH solution, 
using phenolphthalein as an indicator. The volatile acidi- 
ty of beers was expressed as ml of 0.1 N alkali required 
to neutralize the volatile acids contained in 100 ml of 
beer. For the determination of dry matter, beers (100 ml) 
previously calibrated, were evaporated in a capsule, first- 
ly by heating in a water bath and then in an oven at 
105˚C. Then, the capsule was reweighed, the increase 
provides the dry weight of 100 ml of beers and the dry 
extract expressed in g/ml. To calculate the percent of 
ashes, 25 ml of beers were evaporated in a platinum dish 
on a water bath, then cautiously carbonize the dry residue 
of a small flame; they were incinerated slowly to dark 
red and then weighed. The ashes weight was reported to 
100 ml of beer. 

2.4. Determination of Polyphenols Content 
Aliquots of each beer (1 ml) were lyophilized and sus-
pended in the same initial volume using PBS. The total 
polyphenol content was measured using the Folin-Cio- 
calteau’s phenol reagent, according to the method of 
Singleton and Rossi [33]. Briefly, 10 μl of each lyophi- 
lized beer were mixed in an aqueous solution with FCR 
(5%), sodium carbonate (2%) and incubated at room 
temperature in the dark for 2 h. The samples absor- 
bance was measured spectrophotometrically at 760 nm. 
The results were expressed as equivalent of quercetin 
(EqQ). All measurements were carried out in tripli- 
cates. 

2.5. Cell Culture and Viability 
HL-60 cells, derived from a human promyelocytic leu- 
kemia [34], were cultured in RPMI medium, supple- 
mented with 10% FBS, 200 μM L-glutamine, 5000 IU/ml 
penicillin and 5000 mg/ml streptomycin, at 37˚C in a 
humidified atmosphere containing 5% CO2. Cells were 
cultured at density of 2.5×105/ml in 48 multiwell plates 
and incubated for 48 h in a medium added with different 
amounts of lyophilized beers. Cell viability assay was 
performed using neutral red viability test as described 
[35]. Briefly, cells were incubated with neutral red solu- 
tion, 0.066% v/v final concentration, for 3 h and then 
lysed using a buffer (50 mM Tris-HCl pH 7.4; 150 mM 
NaCl; 5 mM dithiothreitol, and 1% Triton X-100) con- 
taining 1% acetic acid and 50% absolute ethanol. Absor- 
bance was determined spectrophotometrically at 540 nm. 
Microphotographs were made using an invertoscope 

Axiovert 200M Zeiss (Zeiss, Arese, MI, Italy). 

2.6. Statistical Analysis 
Values are presented as means ± standard deviation (SD). 
Differences in data reported in the present paper were 
determined by Student’s t-test. Significance is indicated 
in figure legends. 

3. Results and Discussion 
Density (g/ml), alcoholic degree (%), volatile acidity (ml 
NaOH/100ml), total acidity (ml NaOH/100ml), dry mat- 
ter (g/100 ml), ashes (g/ml) for the finished products are 
listed in Table 1. Values of density range between 
0.9915 - 0.9969, lower than those found in commercial 
beers, usually greater than 1.0000 g/ml. Although beer 
density can be calculated very precisely, no reference 
values are available, since density (or specific gravity) 
depends by a number of different factors including tem- 
perature and moisture content of the ingredients. Even a 
slight change in one of these parameters is sufficient to 
alter the beer density which generally indicates the 
amount of water present, i.e., a beer with a higher per- 
centage of water is expected to have a lower density.  

The alcohol content of beers ranges from 4% to 12%, 
with an average of 4% in regular beers. The alcoholic 
content in pilsner, lager, cider and stout beers are 3% - 
6%, 4% - 5%, 4% - 8% and 5% - 10%, respectively. Al- 
cohol-free beer must have a alcohol content not ex- 
ceeding 1%. Samples tested in the present study show 
values higher than 4%, except for sample 3, similarly to 
Spanish beers [36] which show alcohol degree ranging 
between 1.31% - 5.55%. On the contrary, Belgian and 
Dutch beers present a higher alcoholic percentage, i.e., 
5.02% - 11.21% for blonde beers and 5.98% - 11.9% for 
dark ones [37], while for beers from Belgium, Italy, 
Germany, Japan, The Netherlands, Czech Republic, Cu- 
ba, Mexico, Denmark and England, alcohol values range 
between 0.5% and 9.5% [38]. 

The acidity in beers is due to the presence of various 
organic acids (especially lactic acid), like acid phos- 
phates, while high values of volatile acidity, expressed 
mainly as acetic acid, indicate beers stored in unfavora- 
ble conditions. With regard to total acidity, regular beers 
should not exceed 35 ml N/10NaOH/100ml, while for 
special beers, values can increase to 40 ml N/10NaOH/ 
100ml. In stout, total acidity should not exceed 45 ml 
N/10NaOH/100ml. Values of volatile acidity for regular, 
special and stout beers should not exceed 7, 8.5 and 10 
ml N/10NaOH per 100 ml, respectively. Total and vola- 
tile acidity for samples reported in Table 1 are below the 
maximum value expected for regular beers. 

Ashes represent the inorganic residue remaining after 
removal of water and organic matter by heating in the 
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Table 1. Physical-chemical features of selected beers. 

Beers Polyphenols 
(μM EqQ) 

Density 
(g/ml) 

Alcoholic 
(%) 

Volatile Acidity 
(ml NaOH/100ml) 

Total Acidity 
(ml NaOH/100ml) 

Dry Matter 
(g/100mL) 

Ash 
(g/mL) 

1 1612 ± 22 0.9927 ± 0.1213 5.13 2.5 ± 0.3 27.5 ± 1.4 4.372 ± 0.731 0.284 ± 0.012 
2 1135 ± 99 0.9942 ± 0.098 4.30 1.5 ± 0.7 24.0 ± 0.8 3.644 ± 0.326 0.304 ± 0.089 
3 690 ± 25 0.9969 ± 0.1146 2.11 1.0 ± 0.6 10.0 ± 1.1 2.492 ± 0.269 0.262 ± 0.059 
4 2275 ± 11 0.9920 ± 0.1210 5.66 2.0 ± 1.1 18.0 ± 1.2 6.360 ± 0.086 0.278 ± 0.037 
5 2402 ± 17 0.9915 ± 0.0977 5.99 2.0 ± 0.9 18.5 ± 0.9 6.780 ± 0.054 0.254 ± 0.052 

 
presence of oxidizing agents. They provide a measure of 
the total amount of minerals within a food. Samples test- 
ed in the present work show comparable ash values. 

Table 1 also reports the total phenolic content of the 
beers measured by Folin-Ciocalteu method. In this study, 
alcohol was eliminated by lyophilization to avoid its cy- 
totoxic effect. Polyphenols were measured before and 
after lyophilization without any significant difference 
(data not shown). Samples 4 and 5 resulted in higher total 
phenol content, 2275 and 2402 μM EqQ, respectively, 
while sample 3 showed the lowest content (690 μM EqQ). 
The former samples also show dry matter values higher 
than the other beers tested, in agreement with the total 
phenolic content. This observation led us to hypothesize 
a more pronounced biological activity. 

To assess the cytotoxic effect of the different lyophi- 
lized beers, we treated HL-60 cell line with same vo- 
lumes of lyophilized samples solubilized in PBS (10 μl 
diluted 1:50 in the culture medium) for 48 h (Figure 
1(a)). The beers number 4 and 5 induced a significant 
reduction in cell viability at (34% and 40%, respectively). 
The decrease in cell number caused by Sample 5 is clear- 
ly shown in the microphotograph reported in Figure 1(b). 
The remaining samples evidenced a lower cytotoxicity 
ranging between 15% - 20%. This result parallels with 
the values of total polyphenol concentrations reported in 
Table 1. Therefore, we hypothesized a cause-effect rela- 
tionship between increased cytotoxicity and amount of 
phenolic compounds in the lyophilized samples. To ve- 
rify this hypothesis, we treated HL-60 cells with equal 
amount of total polyphenols, normalized in terms of 
quercetin equivalents (45 nmoles EqQ; Figure 2). In this 
conditions, sample 3, which possessed the lowest amount 
of polyphenols (Table 1), was to most effective in re- 
ducing cell viability (47%). The remaining four samples 
showed a similar cytotoxic effect ranging between 30% - 
40% (Figure 2). These data suggest the presence in sam- 
ple 3 of bioactive compounds not present in the other 
beers, or a higher relative concentration of the most anti- 
proliferative molecules. 

However, as showed in Figure 3(a), calculating the 
correlation index between cell viability and total content 
of phenols, we observed a negative correlation (−0.806), 
confirming the importance of the qualitative profile of 
phenolic compounds and/or their relative concentrations 

 
(a) 

 
(b) 

Figure 1. Lyophilized beers induce reduction in cell viability 
in HL-60 cells. Cells were treated for 48 h with the five lyo- 
philized beers solubilized in PBS (Panel A). Values are pre- 
sented as mean ± S.D. compared to untreated cells. Symbols 
indicate significance: *p < 0.05 respect to untreated cells. 
Panel B shows representative images of cells untreated (left) 
and treated (right) with sample 5 (optical microscope Axio- 
vert 200M Zeiss; 100X, phase contrast). 
 

 
Figure 2. Lyophilized beers induce reduction in cell viability 
in HL-60 cells. Cells were treated for 48 h with 45 nmoles 
EqQ. Values are presented as mean ± S.D. compared to 
untreated cells. Symbols indicate significance: *p < 0.01 and 
**p < 0.001 respect to untreated cells. 
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(a) 

 
(b) 

 
(c) 

Figure 3. Correlation index. The correlation index was cal- 
culated between cell viability and polyphenols (a) cell via- 
bility and dry matter (b) and polyphenols and dry matter (c) 
of five commercial beers. 
 
in the lyophilized samples. A negative correlation existed 
between cell viability and the dry matter (−0.849), as 
mentioned above, and a higher positive correlation be- 
tween polyphenol content and dry matter (0.995) (Fig- 
ures 3(b) and (c)). 

It is worthwhile to note that beers 4 and 5, which pos- 
sessed the higher polyphenol content were obtained using 
hops and fermented by S. cerevisiae; thus, we hypothes- 
ize that the fermented hops strongly contributed to the 
higher polyphenol content of these beers. Sample 3, 

showing the lowest content of polyphenols, was also ob- 
tained from hops; however, in this case, yeasts employed, 
“abbazia”, were different from S. cerevisiae, suggesting 
that during fermentation the amount and the chemical 
nature of hop polyphenols significantly changes. This 
hypothesis supports data presented in Figure 2, where 
we showed that quality, e.g. chemical composition and 
relative concentrations, more than quantity, e.g. total 
amount of polyphenols, are key features in determining 
the antiproliferative activity of lyophilized beers. 

In a previous paper, we demonstrated that a beer with 
a significantly high polyphenol content was cytotoxic 
with respect to a commercial beer with low polyphenol 
content on HL-60 cell line [24]. We extended this obser- 
vation pointing out our attention on the concept that spe- 
cific polyphenol composition is even more important 
than their total amount. These differences are related to 
the various origins of polyphenols in beers, since they 
can derive from hops or malts possessing phenolic pro- 
files significantly different. In fact, in malt, catechin and 
prodelphinidin B3 are respectively the major monomeric 
and dimeric flavan-3-ols [39], while common hop (Hu- 
mulus lupulus) constitutes a source of numerous preny 
lated chalcones, such as xanthohumol and flavanones, 
such as 8-prenylnaringenin and isoxanthohumol [21]. 
Currently, we cannot attribute to a specific molecule or 
class of molecules the cytotoxicity measured on HL-60 
cells. However, our findings suggest that acting on spe- 
cific varieties of malts and hops and manipulating appro- 
priately different strains of yeasts will be possible to ob- 
tain beers low in alcohol and high in polyphenols. These 
beverages may represent innovative functional products. 
Our efforts are directed to this aim with the support of 
biotechnologists in the brewing field. 

In conclusion, we demonstrated that a commercial 
beer low in total polyphenol content can be more cyto- 
toxic against malignant cell growth than beers with an 
higher content. This may depend by the presence of sin- 
gle molecule possessing high antiproliferative activity 
present in relatively high concentration or to a unique 
combination of several compounds present in low amount 
by acting synergistically. A future chemical characteriza- 
tion of phenolic compounds present in the most bioactive 
beers is mandatory to address this topic. 
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