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Summary 

The mutagenic activity of urine samples from nonsmoking individuals before and after the consumption 
of either red wine or grape juice was determined. Urine samples collected from individuals on liquid or 
regular diets were concentrated using XAD-2 resin. No mutagenic activity of urine concentrates was 
detected with Salmonella tester strains TA98 or TA100 with or without microsomal activation. The 
addition of 1000 units of fl-glucuronidase into the agar overlay did not show any mutagenic activity. The 
mutagens in red wine and grape juice, however, were extracted using the XAD-2 column. Concentrates of 
urine samples spiked with either of the two extracts exhibited mutagenic activity. 

In a previous study (Sousa et al., 1984), muta- 
genic activity was detected in urine samples ob- 
tained from nonsmoking individuals who had con- 
sumed a fried beef meal. Urinary mutagenic activ- 
ity was present up to 16-24 h following the meal. 
Baker et al. (1982 i reported urinary mutagenic 
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activity in urine samples obtained from individuals 
following either a fried pork or bacon meal. Muta- 
genic activity was reported to last as long as 24 h 
after the meal. these studies indicate that the con- 
sumption of mutagen-containing foods can lead to 
the excretion of mutagens in the urine. This would 
affect the urinary mutagenicity assay system used 
to determine whether human subjects have been 
exposed to mutagenic and/or  potential carcino- 
genic compounds in occupational settings. 

Several beverages, both alcoholic and non-al- 
coholic, have been shown to exhibit mutagenic 
activity in the Ames Salmonella/microsome assay 
(Lee and Fong, 1979; Loquet et al., 1981; Nagao 
et al., 1981; Stoltz et al., 1982). By screening 28 
commonly consumed beverages, Stoltz et al. (1982) 
found that grape juice, red wine, and instant cof- 
fee exhibited marked mutagenic activity. In studies 
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related to fecalase, Tamura et al. (1980) found that 
red wine and grape juice were strongly mutagenic 
when the XAD-2 concentrates of both beverages 
were tested with this enzyme. Without fecalase, the 
concentrate of grape juice was not mutagenic. In 
our laboratories, studies were conducted to de- 
termine (1) whether the extracts of red wine or 
grape juice from local stores are mutagenic, (2) 
whether mutagens can be recovered from urine 
spiked with red-wine and grape-juice extracts, and 
(3) if the urine from individuals who consumed red 
wine or grape juice is mutagenic. 

Materials and methods 

Extraction of mutagens from red wine and grape 
juice 

Red wine and red grape juice were obtained 
from a local supermarket. Red wine (1500 ml) or 
grape juice (2360 ml) were extracted using washed 
Amberlite XAD-2 resin (Sulpelco, Inc., Sulpelco 
Park, Bellefonte, PA). Each bottle was passed 
through a 15-ml column of XAD-2 resin at a flow 
rate of 3-4  ml/min.  After rinsing with 20 ml of 
distilled water, N 2 gas was forced through the 
column to remove the excess water and then eluted 
with 20 ml of DCM followed by 20 ml of acetone. 
The eluate was dried under N 2 gas at 45°C and 
redissolved in 0.8 ml of DMSO/100-ml sample. 
The extracts were stored at - 2 0 ° C .  

Collection of urine samples 
All urine samples were obtained from nonsmok- 

ing individuals. For the spiking experiments, 1-2  
day samples were collected and stored at 4°C 
between collections. For the liquid-diet studies, the 
subjects refrained from fried foods, alcoholic be- 
verages, and grape juice for 24 h and then fasted 
for 12 h. During the fast, only coffee, tea, 2% 
lowfat white milk, fruit and vegetable juices, soft 
drinks, water and sugar were permitted. A control 
sample was obtained during the last 6 h of the fast. 
At the end of the 12-h fast, subjects consumed 
either red wine (750 ml) or grape juice (1180 ml) in 
3 h. Urine samples were collected 0-3,  3-6, 6-10, 
10-17 or 17-24 h beginning from the start of 
consumption of either the wine or juice. The liquid 
diet was continued. For the regular diet experi- 
ments, successive urine collections were obtained 

from individuals on a regular diet which omitted 
fried foods, red wine and grape juice for 24 h. 
Following collection of a 6-h control sample, each 
subject consumed either a 750-ml bottle of red 
wine or a l180-ml bottle of grape juice in a 3-h 
period. All urine samples collected 0-5,  5-13 and 
13-24 h after the start of consumption were stored 
separately at 4°C and were extracted within 2 days 
after collection. 

Sample preparation of the spike urine 
1-2  day urine samples were pooled, filtered 

through a Whatman No. 1 filter, and adjusted to 
pH 7.0. The pooled sample was divided into several 
400-ml subsamples which were then spiked with 
DMSO or red-wine or grape-juice extracts 
equivalent to a 750-ml bottle or a l180-ml bottle 
of red wine or grape juice, respectively. All ex- 
tracts were prepared within 2 days prior to being 
'spiked' into urine samples. The extract spiked- 
samples were then concentrated immediately. 

Concentration of urine samples 
Urine samples were extracted according to the 

procedure of Yamasaki and Ames (1977). Each 
sample was vacuum-filtered through a Whatman 
No. 1 filter, adjusted to pH 7.0, and applied to a 
15-ml column of washed XAD-2 resin (approxi- 
mately 4 g dry weight) at a flow rate of 3-4  
ml/min.  After washing with 20 ml of distilled 
water, N 2 gas was forced through the column to 
remove any excess water. The column was then 
eluted with 20 ml of DCM followed by 20 ml of 
acetone. The eluate was dried under N 2 gas at 
45°C and redissolved in 0.4 ml of DMSO/100  ml 
of urine. All urine concentrates were stored at 
- 2 0 ° C  and tested within 3 days for mutagenic 
activity. 

Mutagenesis assay 
Extracts of the red wine, grape juice, and mine 

concentrates were tested for mutagenic activity 
with the Ames Salmonella/microsome assay sys- 
tem (Ames et al., 1975). In brief, 0.1 ml of tester 
cells from an overnight culture and 0.2 ml of test 
material or DMSO (control) were added to 2 ml 
molten soft agar containing biotin and a trace 
amount of histidine. The mixture was overlayed 
onto a VB minimal agar plate. For the metabolic 



activation assay, 0.5 ml $9 mix was also added to 
the soft agar. The $9 was prepared from the liver 
of Aroclor-1254 (500 mg/kg  body weight) pre- 
treated male Wistar rats. For the deconjugation 
assay, 0.1 ml of a 10000 uni ts /ml  solution of 
Escherichia coli fiG Type IX (Sigma Chemical Co., 
St. Louis, MO) was added to the soft agar. The 
number of revertant colonies was determined after 
• the overlayed plates were incubated at 37°C for 2 
days. Urine concentrates equivalent to 3.125, 6.25, 
12.5, 25.0 and 50.0 ml of whole urine and wine 
and grape-juice extracts equivalent to 6.25, 12.5, 
25.0 and 37.5 ml of sample were tested with the 
plate-incorporation assay using tester strains TA98 
and TA100. 

Results 

The results of the XAD-2 extraction of muta- 
gens from red wine are shown in Table 1. The 
red-wine extracts displayed toxic and mutagenic 
activities when tested with TA98. Although micro- 
somal activation was not a requirement for activ- 
ity, an increased (1.8-fold) response was observed 
in the presence of $9. When TA100 was plated 
with and without $9, an increase in the number of 
revertant colonies over that of the solvent control 
was observed. However, the increase was less than 
2-fold and there was no dose-related response. 

The red grape juice extract also displayed muta- 
genic activity when plated with TA98 (Table 2). As 
with the red-wine extract, microsomal activation 

TABLE 1 

M U T A G E N I C I T Y  OF RED WINE IN S. typhimurium a 

Concentration of wine Rever tan ts /  
extract plated plate 
(ml-eq. of wine) 

T~98 TA98 TA100 TA100 
$9 b S9 

Solvent control 21 25 174 185 
( 0 . 3 m l D M S O )  

6.25 76 169 251 285 
12.5 116 210 246 261 
25.0 104 255 186 269 
37.5 72 229 155 269 

TA98 and TA100 were tested with and without $9. The 
results are the mean of 3 Expts. unless noted otherwise. 

b The results are the mean of 4 Expts. 
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TABLE 2 

M U T A G E N I C I T Y  OF  R E D  G R A P E  JUICE IN S. 
typhimuriura a 

Concentration plated Rever tan t s /  
(ml-eq. of grape juice) plate 

TA98 TA98 TA100 TA100 
$9 b $9 

Solventcontrol 1l 24 177 185 
( 0 . 3 m l D M S O )  

6.25 54 106 225 243 
12.5 72 133 220 250 
25.0 101 183 226 226 
37.5 97 207 238 214 

a TA98 and TA100 were tested with and without $9. The 
results are the mean of 3 Expts. unless noted otherwise. 

b The results are the mean of 4 Expts. 

was not required for activity, although an in- 
creased response was noted in its presence. When 
TA100 was tested with and without $9, no muta- 
genic response was noted for the grape-juice ex- 
tract. 

The results of the 'spiking' experiments are 
shown in Table 3. When the red-wine extract was 
spiked into the urine samples, mutagens could be 

TABLE 3 

M U T A G E N I C  ACTIVITY OF U R I N E  SAMPLES SPIKED 
WITH RED-WINE OR GRAPE-JUICE CONCENTRATES 
IN S. typhimurium TA98 a 

Sample Urine ml-eq, of Rever tan ts /  
tested concentration red wine or plate 

plated (ml-eq.) grape juice 

Control urine sample 50.0 24 
(0.2 ml DMSO) 

Red wine 

Grape juice 

Solvent control 
(0.2 ml DMSO) 

3.125 5.9 120 
6.25 11.7 158 

12.5 23.4 191 
25.0 46.9 217 

6.25 7.8 150 
12.5 15.6 192 
25.0 31.3 257 
50.0 62.5 325 

19 

a TA98 was tested with $9. The results shown are the mean of 
3 Expts. 



174 

TABLE 4 

MUTAGENICITY ASSAY FOR URINE SAMPLES FROM 5 SUBJECTS ON A REGULAR DIET FOLLOWING THE 
CONSUMPTION OF RED WINE a 

Subject Sample Concentration Revertants/plate 
collected b plated TA98 

(ml-eq.) 
TA98S9flG c TA98S9 

A, male Before wine 25.0 17 31 36 
0-5 h after 25.0 * 36 31 
5-13 h after 25.0 11 36 23 
13-21 h after 25.0 15 * 25 

B, male Before wine 25.0 * 31 25 
0-5 h after 25.0 * 35 23 
5-13 h after 25.0 7 33 26 
13-21 h after 25.0 * * * 

C, female Before wine 25.0 15 32 30 
0-5 h after 25.0 17 38 32 
5-13 h after 25.0 * 33 28 
13-21 h after 25.0 18 33 34 

D, male Before wine 25.0 18 38 32 
0-5 h after 25.0 16 36 32 
5-13 h after 25.0 15 30 34 
13-21 h after 25.0 8 30 36 

E, female Before wine 25.0 17 * 29 
0-5 h after 25.0 19 * 39 
5-13 h after 25.0 20 * 26 
13-21 h after 25.0 17 * 26 

Solvent control (0.1 ml DMSO) 16 25 26 

a The results shown are the average of 2 plates. 
b Numbers shown are hours after red-wine consumption. 
c 1000 units of fiG was added into the agar overlay. 
* Not tested. 

recovered by  the ur ine-concentra t ion  procedure. 
The percent  recovery averaged 59.4 for the highest 
concent ra t ion  plated (data not  shown). When  the 
grape-juice extract was spiked into the urine speci- 
men,  the ' sp iked '  sample induced 50% more re- 
ver tant  colonies than the corresponding stock solu- 
tion. The recovery was therefore over 100% for all 
concentra t ions  tested (data not  shown). 

Studies of the ur inary  excretion of mutagenic  
activity in individuals  on l iquid diets did not  show 
an increase in  the n u m b e r  of TA98 or TA100 
revertant  colonies following the consumpt ion  of 
either red wine or grape juice (data not  shown). At  
no poin t  dur ing  the 24 h following the consump-  
t ion of either the red wine (Table 4) or grape juice 
(Table 5) was there any indicat ion of an increase 
in  the n u m b e r  of revertant  colonies or a dose- 

related response in the ur ine  samples obta ined 
from individuals  on  the regular diet. The addi t ion  
of rat-liver $9 or f i G  did not  show any activity. 

Discussion 

Flavonoid  compounds  such as quercet in and 
kaempferol  and their glycosides are commonly  
found  in Amer ican  and European grapes. Querce- 
tin, kaempferol  and  other f lavonoid compounds  
have been reported to exhibit  mutagenic  activity in 
Ames tester strains TA98 and  TA100 (Brown and 
Dietrich, 1979; Brown et al., 1977; Hardigree and  
Epler, 1978; MacGregor  and  Jurd, 1978; Sugimura 
et al., 1977). The studies reported here indicate 
that  XAD-2 resin columns can be used to extract 
the mutagenic  components  of red wine and  grape 
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TABLE 5 

MUTAGENICITY ASSAY FOR URINE SAMPLES FROM 5 SUBJECTS ON A REGULAR DIET FOLLOWING THE 
CONSUMPTION OF RED-GRAPE JUICE a 

Subject Sample Concentration Revertants/plate 
collected b plated TA98 

(ml-eq.) 
TA98S9 

A, male Before juice 50 18 17 
0-5 h after 50 10 20 
5-13 h after 50 15 24 
13-21 h after 50 14 22 

E, female Before juice 50 15 31 
0-5 h after 50 16 27 
5-13 h after 50 17 * 
13-21 h after 50 20 21 

F, male Before juice 25 c * 30 
0-5 h after 25 * 21 
5-13 h after 25 * 30 
13-21 h after 25 * 27 

G, female Before juice 25 c 12 26 
0-5 h after 25 14 24 
5-13 h after 25 * 39 
13-21 h after 25 12 20 

H, female Before juice 50 14 21 
0-5 h after 50 14 20 
5-13 h after 50 17 21 
13-21 h after 50 22 23 

Solvent control (0.1 ml DMSO) 15 22 

a The results shown are the average of 2 plates per dose. 
b Numbers shown are hours after grape-juice consumption. 
c Only 25 ml-eq, of urine was tested due to extract limitations. 
* Not tested. 

juice.  Mutagen ic  act ivi ty  towards  Salmonel la  s t ra in  
TA98 was observed  in X A D - 2  red-wine and  
grape- ju ice  concentra tes .  Mutagen ic  act ivi ty  was 
observed wi thout  me tabo l i c  act ivat ion,  a l though 
metabo l i c  ac t iva t ion  marked ly  enhanced  activity.  
A s imilar  effect occurs  with pure  f lavonoid  com- 
pounds .  Quercet in ,  myricet in ,  rhamne t in  and  5,7- 
d i -O-methy lquerce t in  are  active wi thout  micro-  
somal  act ivat ion,  bu t  they are more  effective in the 
presence of  ra t - l iver  microsomes  ( M a c G r e g o r  and  
Jurd,  1978; Hard ig ree  and  Epler,  1978). Al l  o ther  
f lavonoids  require  metabo l ic  ac t iva t ion  for activ- 
i ty.  The  percent  mutagen  recovery,  based  on  muta -  
genici ty  data ,  indica te  that  the red-wine and  
grape- juice  mutagens  can be  recovered f rom urine. 
The  recovery was 59.4% and  144.6% for the red 
wine and  grape  juice,  respectively.  The  results  with 

the grape- juice  ext rac t  seem to indica te  that  the 
ur ine  can inf luence the act ivi ty  of  the concentra te .  
A n  increase in mutagenic  act ivi ty  was also observed  
b y  us (unpubl i shed  results)  when af la toxin  B 1 was 
sp iked  into  the ur ine  of  a nonsmoking  individual .  

The  da t a  r epor ted  here  indica te  that  fol lowing 
the consumpt ion  of  ei ther  red wine (750 ml) or  
g rape  ju ice  (1180 ml),  which p r e suma b ly  conta in  
quercet in  and  kaempfero l ,  there  is no  observable  
mutagenic  act ivi ty  in ur ine  samples  ob ta ined  up to 
24 h fol lowing their  consumpt ion .  This is in agree- 
men t  with the f indings  of  o ther  invest igators  (Clark  
and  Mackay ,  1950; Booth  et al., 1956; deEds,  
1968; Gugle r  et al., 1975). Their  s tudies ind ica te  
tha t  fol lowing oral  admin i s t r a t ion  of  quercet in  and 
o ther  f lavonoid  compounds ,  these c o m p o u n d s  
could  not  be  recovered in the ur ine  of  the t rea ted  
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animals or human subjects nor was mutagenic 
activity detected in the urine of these subjects. 
However, when quercetin was injected in- 
travenously, quercetin and a conjugated metabo- 
lite were detected in human urine (Gugler et al., 
1975). In a more recent study, MacGregor (1979) 
reported mutagenic actvity in rat urine after both 
intraperitoneal and oral administration of querce- 
tin. These results, however, indicate that quercetin 
or its mutagenic metabolites are absorbed and 
excreted in the urine following ingestion. It should 
be noted that the rats in MacGregor's study were 
given a much greater dose per kg body weight than 
that used in human studies. 

Although the results reported in the literature 
are contradictory, some studies have shown that 
an incorporation of fiG into the assay system 
enhanced the mutagenic activity of urine from 
smokers (Russell and Krahn, 1981). In our study 
no effect was found when fiG was incorporated. 
Since no proper control for the incorporation of 
fiG in the human studies is available, our negative 
results cannot rule out the possibility that muta- 
gens in a conjugate form were excreted by subjects 
who had consumed grape juice or red wine. Never- 
theless, our data indicate that the ingestion of 
either 750 ml of red wine or 1180 ml of grape juice 
or less do not interfere with the urine mutagenicity 
assay system and therefore these beverages need 
not be restricted when implementing these studies. 
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