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Freshly-voided human urine contains significant con- 
centrations of hydrogen peroxide (H202). This H202 
appears to arise in whole or in part by superoxide- 
dependent autoxidation of urinary biomolecules. Since 
instant coffee also contains high levels of H202, we 
examined the effect of coffee drinking on urinary levels 
of H202. Studies on healthy human volunteers showed 
that coffee drinking is rapidly and reproducibly 
followed by increased levels of H202 detectable in the 
urine for up to 2 h after drinking the coffee. The levels of 
H 2 0  2 detected in urine suggest that exposure of human 
tissues to H202  may be greater than is commonly 
supposed. It is possible that H202 in urine could act as 
an antibacterial agent, and that H 2 0  2 is involved in the 
regulation of glomerular function. 

Keywords: Coffee, hydrogen peroxide, urine, antioxidant, 
redox regulation, kidney, glomerulus 

I N T R O D U C T I O N  

Hy dro gen  peroxide ( H 2 0 2 )  and other reactive 
oxygen species (ROS) are usually regarded as 
toxic agents whose  levels mus t  be minimized 

by  the action of ant ioxidant  defence enzymes  
(reviewed in [1]). Enzymes capable of scavenging 
H202 include catalases, selenoprotein glutathione 
peroxidases and th ioredoxin-dependent  sys- 
tems. I1'21 However ,  there is increasing evidence 
that H202 plays a role in redox regulation of gene 
transcription} 3"4j which implies that it is not  

completely des t royed in vivo. Indeed,  H 2 0  2 c a n  

be detected in expired h u m a n  breath ~5'6~ and in 
h u m a n  urine.I7-101 Three different assay methods  

have been used to show that f reshly-voided 
h u m a n  ur ine can sometimes contain H202 at 
levels > 100~tM (e.g. spot samples in the UK 
gave a range 11-173 ~tM; mean  + SD of 10 sam- 
ples 38.5 ± 46.3 BM; 17 subjects in Singapore gave 
a range of 5.8-109.6~tM; mean i S D  32.1-t- 
39.7~tM). ~1°~ Levels of H 2 0  2 slowly increase on 
allowing urine samples to s tand in air (e.g. the 
percentage increases ranged from 17% to 139% 
after 3.5 h) El°l suggesting continuing generat ion of 
H 2 0 2 .  H o w e v e r  the significant levels found in 

* Corresponding author. E-mail: bchbh@nus.edu.sg. 

463 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/2
1/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



464 L.H. LONG AND B. HALLIWELL 

freshly-voided immediately-assayed samples 
strongly suggest that some H202 could be gener- 
ated within the bladder. II°l Centrifuging the urine 
had no effect on levels of H202 detected. El°~ 

What is the origin of this H202 .7 It could arise 
from excretion of H202 produced during aerobic 
metabolism and/or  from O2--dependent oxida- 
tion of certain urinary constituents both in vivo 
and after voiding. ~1°] However, an origin from 
diet must also be considered, since many alleged 
"biomarkers" of oxidative damage (if indeed 
urinary H202 can be described as such) can be 
confounded by diet (reviewed in [11]). Several 
hot beverages commonly drunk by humans 
contain high levels of H202, especially instant 
coffee. [12-16] Indeed, it has been shown that some 
of this H202 can generate hydroxyl radical (OH'), 
within the coffee, leading to hydroxylation of 
caffeine. I171 We therefore wondered if drinking 
instant coffee could lead to increased urinary 
excretion of H202, or whether the H202 present 
in coffee is destroyed by antioxidant defence 
systems, e.g. catalases and peroxidases in the cells 
lining the gastrointestinal tract. Lll In the present 
paper, we have therefore investigated the effects 
of coffee drinking on urinary H202 levels in 
healthy human volunteers. 

MATERIALS AND METHODS 

Reagents 

All reagents (except for methanol from Fluka, 
Switzerland) were of the highest quality available 
from Sigma Chemical Corp.: catalase was C40 
from bovine liver, specific activity 25,000 units/  
mg protein. 

Volunteers 

Ten healthy human volunteers participated in 
the experiments: all had BMI within the normal 
range. They were asked to provide spot urine 
samples several times during the day, but at least 

2 h after eating or drinking. Four of the subjects 
then drank one cup of instant coffee within 
10 min. Only one of the volunteers was a regular 
coffee drinker (4-6 cups/day),  and abstained 
from coffee for 10 h before the experiment. One 
volunteer regularly consumed a multivitamin 
supplement containing low levels of vitamins C 
and E (60rag ascorbate and 10 mg ~-tocopherol 
respectively) but did not consume this for 48 h 
prior to the experiment. Otherwise subjects 
undertook no special preparations for the experi- 
ment. This study did not require ethical per- 
mission, as advised by the review board of 
the National University Hospital of Singapore 
(NUH). 

Preparation of Coffee 

One sachet of instant coffee mix (OWL Interna- 
tional Pte Ltd., Singapore) containing 2.5g of 
instant coffee, 9 g of sugar and 6.5 g of non-dairy 
creamer was added to hot water and made up to 
200 ml. The sugar and creamer in solution do not 
affect H202 production by coffee or generate H202 
themselves (data not shown). 

Assay of Creatinine 

This was performed using the creatinine assay kit 
(A-555) from Sigma Diagnostics, which is based 
on the method of Slot. ~18~ Essentially, the forma- 
tion of an acid-sensitive chromogen after reduc- 
tion of the sample with picrate is measured at 
500 nm. 

Assay of H202 

This was performed by the ferrous ion oxidation- 
xylenol orange (FOX) assay based on an 
absorbance change at 560 nm as described pre- 
viously. I1°1 Usually 90 ~tl of urine was analysed: it 
was not centrifuged before use and no samples 
were cloudy. A control with 103 units of added 
catalase was included in all experiments E1°1 to 
check that absorbance changes were due to H202 
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TABLE I Urinary hydrogen peroxide in healthy human subjects 

465 

Subject Age Gender [H202] gM Creatinine (mg/dl) [H202] pM Creatinine corrected 

Pre-coffee 60min after coffee Pre-coffee 60rain after coffee Pre-coffee 60minafer coffee 

A 36 F 2.1 2.6 86.0 21.9 2.1 10.2 
B 49 M 28.8 85.0 218.0 228.4 28.8 81.1 
C 26 M 3.8 5.1 23.4 14.2 3.8 8.4 
D* 32 M 8.4 7.4 165.1 146.1 8.4 8.4 

*In subject D the rise in H202 occurred after 60 min (Figure 1). 

and not to any other oxidising agents that could 

conceivably be present in urine. This small 
amount  of catalase (0.04rag) did not interfere 

with the FOX assay, as tested using cumene 
hydroperoxide.  [121 Some samples were analysed Pre-coffee* 

using a Hansatech 02 electrode as described in; fl°l 26 
56 

briefly 1.0 ml of urine plus 0.4 ml of phosphate-  86 
buffered saline, p H  7.4, was added  to the reaction 116 
chamber, the 02 concentration al lowed to stabilize 161 
and 103 units of catalase in 100 ~tl of phosphate-  221" 

28 
buffered saline injected through the cap. The 58 
"burst" of 02 release was used to calculate the 88 
amount  of H20  2 present. 118 

178 

RESULTS 

It had already been observed that "spot" urine 

samples taken from healthy h u m a n  subjects at 

various times dur ing  the day, but at least 2 h after 

eating or drinking, were approximately  constant, 

varying by < 20% over 24 h (10 subjects). There 

was more variability (up to 50%) in samples taken 
in different months:  e.g. subject B gave a value 

of 28.8 gM on May 20 1999 (Table I) and 15.2 ~tM 

on October 6 1999 (Table II). Thus it was possible 

to examine the short-term effects of coffee drink- 

ing on urinary I-I20 2 levels. To confirm the lack of 

variation in "basal" H202 levels in short-term 
experiments, control studies were also performed 

in which subjects drank an equal volume of the 

water  used to make the coffee. 

Four healthy h u m a n  subjects provided urine 

samples at least 2h  after eating or drinking. 
As observed previously, E7-1°1 significant and 

TABLE II The effect of coffee drinking on urinary H202 
levels in a healthy human subject: a balance sheet 

Time after starting to [H202] [H202] corrected Fold 
drink coffee (min) for creatinine increase 

15.2 15.2 - -  
41.1 58.7 3.86 
18.4 25.6 1.68 
11.1 15.8 1.04 
11.2 14.8 0.97 
11.0 15.9 1.05 

7.6 9.7 
22.9 30.1 3.10 
24.0 29.2 3.01 
20.1 24.0 2.47 
15.3 17.6 1.81 
11.8 11.3 1.16 

In the first cycle 4.6% of the H202 in the coffee appeared to be 
recovered in the urine; in the second cycle 5.8%. 
*Immediately after these samples were taken coffee drinking 
was started, and completed within 10 min. 

easily-measurable levels of H20  2 were present, 
a l though there was considerable inter-individual 

variation (Table I). Each subject then drank one 

cup (200 ml) of instant coffee and provided  urine 

samples at intervals thereafter. Table I (data before 

coffee, and 60 min after coffee) and Figure I (data 

at a range of time-points) shows that in all cases 

coffee drinking was followed by a rise in detect- 

able ur inary H202 levels before 100 min, a l though 
the time-course differed between subjects. This 

rise was detected by both the FOX assay and the 

02 electrode method.  Because drinking fluids 

alters water balance, the levels of H202 in samples 

taken after coffee drinking were corrected on the 

basis of changes in ur inary  creatinine content 

(Figure 1). The coffee used in the experiments in 
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FIGURE 1 Increases in urinary H202 detected in healthy 
human subjects after coffee drinking. Because of the wide 
variation in initial H202 concentrations (Table I), data are 
expressed as a fold increase over the value before coffee 
drinking and are corrected for creatinine levels. Table I 
shows some of the raw data on which the calculations are 
based. Times shown are the times from which coffee drink- 
ing began. 

Figure 1 /Table  I contained 23.7 btM H202. Drink- 
ing the same vo lume  of the hot  water  used  to 
make  the coffee did not increase creatinine- 
s tandard ized  ur inary  H202 levels in any  subject. 

One volunteer  (B) was  subjected to fur ther  
exper iments  to check the reproducibi l i ty  of the 
p h e n o m e n o n  and to calculate the ur inary  recov- 
ery of the H202 in the coffee, by  measu r ing  the 
vo lumes  of each urine sample  taken (Table II). 
The rise in H202 after coffee dr inking could be 
reproduced  on 5 different days  ( m a x i m u m  fold 
increase in H202 3.2 ± 0.6, n = 5). It could also be 
r ep roduced  twice on the same  day, leaving a 3 h 
gap  be tween  the two dr inkings of coffee (Table II ). 
The percentage of the H202 in the coffee d rank  
that could be accounted for in the ur ine was  4 .6-  
5.8% (Table II). In two other volunteers ,  the phe-  
n o m e n o n  could be repeated  wi th  a fold increase 
similar wi thin  15% on two different days,  and  the 
percentage  recovery  of the H202 was  8.2-8.6%. 

D I S C U S S I O N  

Instant  coffee, [12-15] like m a n y  other  beverages ,  I1°] 

contains H202, al though the levels present  are 
often greater  in instant coffee than  in the other  

beverages  examined.  [12] Our  data  show that  the 

dr inking of instant  coffee leads to a rise in u r ina ry  
H202 levels wi thin  2 h. The variabi l i ty in initial 
levels of H202 has been  descr ibed previously,  I1°1 

and could conceivably be related to differences 
in the diets of the subjects as well  as to endog-  
enous  rates of H202 generat ion and  H202 catab- 
olism. Our  subjects fasted for at least 2 h before 
p rov id ing  samples  and  were  not consuming  anti- 
oxidants,  but  o therwise  m a d e  no special  p repara -  
tions for the experiment .  

One possible  explanat ion of our  data is that  
some of the H202 in the instant  coffee is excreted 
unchanged .  For example ,  200 ml  of coffee wi th  
23.7btM H202 concentrat ion contains approxi-  
mate ly  5 btmol of H202. If this amoun t  were  
excreted in, say 100 ml  of urine,  it wou ld  increase 
the ur inary  level by  about  50 t~M. Balance sheet  
s tudies showed  that  the rise in ur inary  H202 
accounted for less than 10% of the H202 in the 
coffee consumed ,  so that  mos t  of the H202 
appea r s  to be des t royed in vivo. It mus t  also not 
be a s sumed  that the H , O ,  in urine arises direct ly 
f rom the H202 in the coffee, since there is 
evidence [1°'191 that at least some ur inary  H202 is 

genera ted  wi th in  the ur ine itself by  autoxidat ion 

reactions involving 02- .  Coffee is rich in poly-  
phenols  such as chlorogenic acid which  can easily 
oxidize, especial ly if transit ion meta l  ions are 
present.  [2°'211 Another  agent  involved in generat-  

ing H202 in coffee appea r s  to be hyd roxyhy d ro -  
quinone.  [161 In other words ,  it could be that these 

p roduc t s  are excreted in ur ine  and  then oxidize to 

make H202 in the b ladder  after voiding.  Despi te  
this, there is no clear evidence  that  coffee con- 
sumpt ion  is ha rmfu l  to humans .  [221 

Further  w o r k  is needed  to invest igate the 
nature  of the chemicals  that  lead to u r ina ry  
H202 product ion,  to extend the work  to other  
beverages,  and  to assess the biological signifi- 
cance of H202 generation.  H202 has an antibacte-  
rial effect and  it m a y  be that  its p roduc t ion  at h igh 
levels in ur ine  could be advan tageous  in d imin-  
ishing infections of the b l adde r  and  u r ina ry  
tract. On the other hand,  the impac t  of H202 
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COFFEE DRINKING AND H202 467 

g e n e r a t i o n  in vivo u p o n  t h e  ce l l s  o f  t h e  k i d n e y ,  

u r e t e r s ,  b l a d d e r  a n d  u r i n a r y  t r ac t  m u s t  be  c o n -  

s i d e r e d .  I n d e e d ,  t h e r e  a r e  s e v e r a l  s u g g e s t i o n s  

t h a t  r e a c t i v e  o x y g e n  s p e c i e s  a r e  i n v o l v e d  in  t h e  

r e g u l a t i o n  o f  r e n a l  f u n c t i o n .  [23,24] 
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