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ABSTRACT

Corn and peanut oil (total, 253 samples) were collected from 32
households in Fushui county of the Guangxi autonomous region of the
People's Republic of China, where high liver cancer incidence has been

reported, every day over a period of 1 week and analyzed for aflatoxin B,
(AFB). A total of 252 urine samples were collected simultaneously from
the residents in the households which were shown to have consumed
AFB and were analyzed for aflatoxin MI (AFM) by a competitive direct
enzyme-linked immunosorbent assay. A good correlation between total
dietary AFB intake and total AFM excretion in human urine was observed
during a 3-day study. A regression equation of 0.143 plus 0.0135 multi
plied by the amount of AFB consumed was observed. Between 1.23 and
2.18% of dietary AFB was found to be present as AFM in human urine.
A good correlation was also observed between the AFB concentration in
corn and the AFM concentration in human urine. The results suggest
that analysis of AFM in urine by enzyme-linked immunosorbent assay
could be used as an index for human exposure of AFB in an extensive
epidemiolÃ³gica!study.

INTRODUCTION

Aflatoxins are a group of toxic secondary metabolites pro
duced by Aspergillus flavus and A. parasiticus. AFB,3 the most

toxic compound in this series, has been found to be one of the
most potent carcinogens occurring naturally (1). Because of
frequent contamination of AFB in agricultural commodities
such as peanuts, corn, and animal feedstuffs, aflatoxin problems
become a potential hazard to human and animal health (1).
Considerable evidence has been accumulated implicating the
exposure of AFB as an important factor that contributes to HC
of humans in certain regions of the world (2-6). Most of that
work was done through epidemiological studies on the corre
lation of aflatoxin levels in foods with HC incidence in the high
liver cancer incidence area; data on the presence of aflatoxin in
human body fluids are limited (3, 4, 6). However, the role of
aflatoxin on HC of humans is also complicated by the strong
correlation of hepatitis virus infections in those regions. Inter
action between these two important factors has been postulated
(2, 5). To test the hypothesis of the interaction of AFB with
hepatitis virus infection as well as other factors that may also
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contribute to liver cancer in humans, it is necessary to develop
a rapid and simple test to monitor the aflatoxin metabolites in
human body fluids so that a direct measurement of the exposure
can be achieved. Such a need was highlighted by a workshop
sponsored by the WHO in 1984 (7).

In general, TLC and HPLC are most commonly used to
analyze AFB and its metabolites. However, these methods are
not specific and need extensive cleanup as well as expensive
instruments; thus, are inadequate to use in large-scale epide
miological studies (8). With the development of a sensitive,
specific, and simple ELISA and RIA in our laboratory and
others (9, 10), it is now possible to monitor AFB and its
metabolites in body fluids. For example, as low as 10-20 ppt
(parts per trillion) of AFM in human urine could be detected
by ELISA (11). Using an ELISA, the kinetics of the intercon
version of AFB to AFM in an animal model such as mice was
studied (12). Martin et al. (13) have recently used an indirect
competitive ELISA to monitor the overall aflatoxin metabolites
levels in human urine. A combination of antibody affinity
chromatograhy with an HPLC method as well as RIA was used
by Groopman et al. (14, 15) to measure AFB metabolites as
well as AFB-W-T-Gua in human urine. Tsuboi et al. (16) were
able to detect AFB in human serum by RIA. Because AFM has
been found to be a major metabolite of AFB in mammals and
has been found in human urine samples (1, 17, 18), a prelimi
nary study attempting to correlate dietary AFB levels and
excretion of AFM in human urine (20 samples) collected in
China was carried out in 1983 by using a more simple and rapid
ELISA. We have found a good correlation between the dietary
AFB level and AFM concentration in human urine. To confirm
such findings, an extensive study was designed. The study was
carried out in the fall of 1985 in Fushui county of the Guangxi
autonomous region of the People's Republic of China where

high incidence of liver cancer (average 55.8/100,000 persons)
and AFB contamination in foods have been reported (19).
Details of the 1983 and 1985 studies as well as results obtained
from these studies are presented in this paper.

MATERIALS AND METHODS

Materials

Antibodies against AFB and AFM were produced in rabbits after
im .uni/at ion with CMO derivatives of AFB (20) or AFM (21) conju
gated to bovine serum albumin as described before (22, 23). Aflatoxin
B, and AFM were prepared according to the procedure of Chu (24)
and Stubblefield et al. (25). AFB-CMO and AFM-CMO were conju
gated to horseradish peroxidase (Type VI; Sigma Chemical Co., St.
Louis, MO) as previously described (26, 27). Tween 20, o-phenylene-
diamine and hydrogen peroxide were purchased from Sigma. Reversed
phase (.'-18 Sep-Pak cartridges were obtained from Walters Associates,

Inc. (Milford, MA). Concentrations of AFB and AFM standards were
determined spectrophotometrically (28). All other organic chemicals
and organic solvents were reagent grade or better.

Collection and Treatment of Samples

Collection of Samples in the 1983 Pilot Study. A preliminary study
was carried out in 1983 in a commune of Fushui county where people

1848

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2430325/cr0470071848.pdf by guest on 19 M

ay 2023



EXCRETION OF AFLATOXIN M, IN HUMAN URINE

were known to be exposed to AFB contaminated foods. Staple foods,
i.e., corn and peanut oils, in selected households where consumption
of contaminated foods was suspected were collected and analyzed for
AFB. The first urine of the following morning was collected from 20
individuals of households which consumed AFB-contaminated foods
and was frozen immediately. The food intake for those individuals was
recorded. Aflatoxin intake within 24 h was calculated from the AFB
levels in corn meal and the amount of corn meal consumed. An aliquot
(25 ml) of the collected (defrosted) urine sample was subjected to a
Sep-Pak C-18 reversed-phase treatment and were analyzed for AFM
by the ELISA according to Hu et al. (11). A portion of the Sep-Pak-
treated urine samples was analyzed for other aflatoxin metabolites by
Professor Wogan's laboratory at the Massachusetts Institute of Tech

nology (15).
Collection of Samples in the 1985 Study. A more extensive study was

carried out in the same region in September of 1985. A total of 252
urine samples were collected from 30 male and 12 female adults and
analyzed for AFM by ELISA. Corn and peanut oil (total 253 samples)
were collected from 32 households every day over a period of 6 days
and analyzed for AFB. From day 4 to day 7 all the urine from the
individuals in the households, shown to have consumed AFB-contam
inated foods, were collected. Two samplings were made each day; one
from 5 a.m. to 5 p.m. (Si) and the other from 5 p.m. to 5 a.m. (S2), and
were frozen immediately. In addition to recording the total corn meal
and peanut oil amount consumed by the individuals, the total volume
of urine sample was recorded. The AFB intake for <5achsubject was
calculated from both the total amount of corn meal and peanut oil
consumed, and the AFB levels of those samples. For controls, 8 urine
samples were collected from the normal population in Beijing and were
subjected to the same treatment as well as analyzed for AFM by ELISA.

Treatment of Samples

In both studies, all the samples were subjected to a C-18 Sep-Pak
treatment before ELISA according to the procedure of Hu et al. (11).
Twenty five ml of urine sample was directly loaded to a prewashed C-
18 Sep-Pak cartridge. After washing with 5 ml of water, followed by
15-20 ml of 10% acetonitrile in water, AFM was eluted from the
cartridge with 10 ml of 30% acetonitrile in water and then transferred
to an organic solvent by extraction with 2 ml of mÃ©thylÃ¨nechloride.
After centrifugation. the organic solvent layer was quantitatively trans
ferred into another tube and the final volume measured (generally
around 3-3.5 ml). An aliquot of the mÃ©thylÃ¨nechloride extract (1-2
ml) was evaporated to dryness and the residue was dissolved in 50 Â¿il
of methanol. The sample was then diluted with 0.45 ml of 70% aqueous
methanolic solution containing 1% of dimethylformamide. This solu
tion was diluted at least 10 times with 0.01 M (pH 7.4) sodium
phosphate buffer containing 0.15 mol NaCl/liter and then used in the
ELISA.

Analyses

Analysis of AFB in Corn and Peanut Oil. Aflatoxin B, in corn and
peanut oil were analyzed by TLC methods using protocols similar to
the Association of Official Analytical Chemists BF and CB methods
(28, 29), respectively. Limited corn samples collected during the 1985
study were also analyzed by the ELISA method using the protocols
described by Chu (30) except for the following modification: (a) AFB
was extracted with 80% methanol containing 1% of dimethylformamide
and then diluted with 0.01 M sodium phosphate buffer, pH 7.4, before
being subjected to ELISA; (b) antiserum was coated to the Immulon I
plates by the bicarbonate method (AgriTech Systems Inc., Portland,
MA); (c) antibody-toxin incubation time was shortened to 30 min; (</)
o-phenylenediamine was used as the substrate; (e) the substrate incu
bation time was shortened to 10 min. The standards were prepared in
0.01 M sodium phosphate buffer (pH 7.4) containing 1.0% dimethyl
formamide, NaCl (0.15 mol/liter) and a final methanol concentration
of 7%. Fifty n\ of sample or standard were used in each assay. Triplicate
analyses were performed for each sample.

Analysis of AFM in Human Urine. A direct competitive ELISA
method described previously by Hu et al. (11) was used for the analysis

of AFM in human urine. The samples (25 ml), after being subjected to
the Sep-Pak treatment and dried, were redissolved in aqueous metha
nolic solution (0.5 ml) and diluted in 0.01 M phosphate buffer (pH 7.4)
containing saline as described in the "sample treatment" section. Pro

tocols for the direct ELISA were similar to those described before (30)
with the modifications as those described above for the ELISA of AFB.

Analysis of AFB in Human Urine. Concentrations of AFB in some
selected 1985 urine samples (29 samples) were also analyzed by ELISA
using the same protocols as described above except that the ELISA
plates were coated with AFB antibody and AFB-CMO-peroxidase
conjugate was used as the marker.

Statistical Analyses. All the statistical analyses were carried out in
the University of Wisconsinâ€”Madison Agricultural College Computer
Center using a Minitab program (31) of Statistical Software Group
HP9000vl.01.

RESULTS

Correlation of Aflatoxin Bl Intake with Excretion of AFM in
the 1983 Study. Results for the correlation of AFB intake with
the excretion of AFM in human urine for the 1983 study are
shown in Fig. 1. Because there were no records for the total
urine volume, only a multiple regression (least squares method)
was made. A relationship of Y = -0.042 + 0.0026^ (where X

and Y are AFB intake in micrograms per day and AFM con
centration in parts per billion, respectively) and a correlation
coefficient of 0.65 were found in this study. Although AFB was
also found in peanut oil in some of the households, the concen
tration was generally low (less than 20 ppb). Corn meal was the
major AFB source at a contamination level between 50 and 250
ppb. In order to establish the validity of the analytical accuracy
of ELISA, a few selected samples were also analyzed by HPLC
using the procedures described by Fremy and Boursier (32).
Good correlation was obtained. For example, samples 8-2, 9-2,
and 9-3 were found to contain 165, 267, and 111 ppb of AFM
by ELISA as compared with 222, 251, and 113 ppb by the
HPLC method, respectively. The recovery of AFM from urine
after C-18 reversed-phase Sep-Pak treatment was generally
more than 90% (11).

The presence of AFM and other aflatoxin metabolites in
some of the 1983 urine samples were further confirmed by
Professor Wogan's group (15). Using a competitive RIA and a

monoclonal antibody which has some cross-reactivity with
other aflatoxins, these investigators found the "aflatoxin equiv
alent" concentration in the urine sample was in the range 0.1-

10 ng/ml. After subjecting the sample to a monoclonal antibody
affinity column and analyzing by HPLC, AFM, aflatoxin P,
and the major aflatoxin-DNA adduct, AFB-N7-Gua (at a level

0.4

0.3

a 0.2
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o
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Fig. 1. Correlation of total aflatoxin B, intake with the excretion of aflatoxin
Mi in human urine (1983 study). A linear regression equation of Â¥= -0.042 +
0.0026.V with a correlation coefficient of 0.65 was obtained. X and Y represent
AFB intake (micrograms per day) and AFM concentration (parts per billion) in
urine, respectively. Male data (â€¢);female data (â€¢).
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of 7-10 ng) were found in urine samples from individuals who
had been exposed to the highest dose of AFB (87 Mg/day).

Correlation of AFB Intake and Excretion of AFM in Humans
in the 1985 Study. In view of the promising data on the corre
lation between dietary intake of AFB and the excretion of AFM
in human urine which was obtained in the 1983 study, a
systematic study was carried out in 1985. Some of the original
data are summarized in Table 1. The level of AFB in the diet
(corn and peanut oil) during the study was found to be between
23 and 500 ppb. Data obtained from TLC for AFB was ap
proximately 11% higher than those of ELISA. Since a good
correlation (correlation constant of 0.91 for 30 samples ana
lyzed) between the ELISA and TLC data was observed, the
TLC data were used for all the subsequent analyses. Total AFB
intake for each person was found to be in the range of 4-221
Mg/day. Aflatoxin M, concentration in the urine varied from 0
to 3.2 ng/ml. The total AFM excreted in urine varied from
0.04 to 4.84 Mg/day. The overall results for the 3-day study, as
analyzed by least squares linear regression, are shown in Fig.
2. Because two urine samples were taken every day starting
from the 4th day after collecting of food samples, the average
of intake of the previous day and the day of collection of urine
samples was used as the AFB intake amount in the calculation
of regression. For example, the average AFB intake on the 3rd
and 4th day was used as a constant for the variable of total
AFM excreted (two samples) on the 4th day for each individual.
With the availability of such data, a relationship between the

Table 1 Summary of original data ofaflatoxin intake and excretion of AFM in
human urine

All data are arithmetic means; the range is shown in parentheses. The detection
limit for AFM by ELISA was 0.01 ppb.

OverallOverall,

MOverall,

FDay

4,MDay

5,MDay

6,MDay

4,FDay

5,FDay

6, FAFB

infoods(ppb)119(23-500)92(23-500)184(40-300)89(50-350)93(23-400)95(23-500)176(50-400)188(50-400)190(50-400)'S3

4zOt

3^

Zi

'Â¿T>rÂ°
&Â£*ft".AFB

intakeOÃg/day)58.1(4-221)43.0(4-221)95.8(15-183)41.1(6-140)43.4(7-166)44.5(4-221)91.3(15-183)97.0(15-183)99.2(15-183),"

"" ' ^^"AFM

excretionppb

Â¿Ãg/day0.42

0.93(0-3.2)
(0.04-4.8)0.32
0.70(0-3.2)
(0.04-4.8)0.69

1.50(0.5-2.7)
(0.12-4.2)0.29
0.46(0-1.5)
(0.04-2.4)0.33

0.72(0.03-3.2)
(0.04-4.8)0.34

0.92(0.04-1.4)
(0.08-4.4)0.72

1.71(0.05-2.7)
(0.25-4.2)0.57

1.29(0.09-2.3)
(0.18-3.2)0.78

1.46(0.06-1.9)
(0.12-2.8)â€¢â€¢

100 150
TOTAL AFB INTAKE(pg/D)

200

Fig. 2. Correlation of total aflatoxin B, intake with total aflatoxin M, excreted
in human urine (1985 study). A linear regression equation of Y = 0.143 +
0.0135* with a correlation coefficient of 0.66 was obtained. * and Â¥represent
AFB intake (micrograms per day) and AFM excretion in urine (micrograms per
day), respectively. Male data (â€¢);female data (â€¢).

amount of total AFB ingested and the total amount of AFM
excreted each day was established. The extrapolated results
showed that the amount of AFM excreted equals 0.0135 times
the total intake AFB plus a constant of 0.143. A correlation
coefficient of 0.66 was found. Using this relation, 1.49% from
AFB was found to be excreted into urine as AFM. Experimen
tally, the range of AFB which appeared as AFM in the urine
was 0.1-6%. Among eight control human urine samples col
lected from Beijing, AFM was not detected in six samples. Two
samples contained less than 0.03 ng of AFM/ml.

Results of the linear regression of AFB intake versus excretion
of AFM (total per day) by males and females are summarized
in Table 2. Excellent correlation between the AFB intake and
AFM excretion was observed in the male sample populations.
The correlation coefficient was found in the range of 0.82-0.86
(P = 0.0000) during the 3-day study. Data obtained from the

female population were less dramatic, with a correlation coef
ficient in the range of 0.2-0.3 (P values in the range of 0.26-
0.53). The extrapolated values of AFM excreted in the urine
was in the range of 1.23-2.18% of total AFB consumed for the
male population and 1.30-1.78% for the female population,
respectively.

We also analyzed the relationship between AFB concentra
tion (parts per billion) in corn samples used in the diet and
AFM concentrations (nanograms per milliliter) in the human
urine samples collected in the morning (Si) and the afternoon
(S2) (Table 3). Disregarding the amount of corn meal consumed
and the total urine volume, a good correlation was also observed
in the male sample population as well as the overall data (Fig.
3). Although data obtained from the morning samples gave a
better correlation than those obtained from the afternoon sam-

Table 2 Correlation of dietary AFB intake with excretion of AFM in human
urine

Total intake and total excretion, in micrograms per day for three consecutive
days.

DataanalyzedOverall

dataOverall,
day4Overall,
day5Overall,
day6Male,

alldataMale,
day4Male,
day5Male,
day6Female,

alldataFemale,
day4Female,
day5Female,
day 6Regression

eq.
(Y, totalAFM)0.143

+0.0135*Â°-0.003
+0.0146*0.012
+0.0130*0.312
+0.0127*-0.1

43 + 0.0186*-0.071
+0.0130*-0.233

+0.0220*-0.075
+0.0224*1.010
+0.0050*0.958
+0.0082*0.786
+0.0052*1.157
+ 0.0031*R2

(%)43.9

(0.66)*50.4

(0.71)41.6(0.64)41.2(0.64)64.3

(0.80)73.8
(0.86)66.5
(0.82)70.5

(0.84)4.4
(0.21)3.3
(0.35)4.2
(0.21)4.0

(0.20)F

value Cov.(%)96.940.524.028.0158.479.555.666.02.61.41.00.4.49.46.31.58.72.23.97.IS.51.78.30.47

' *, AFB intake.
* Percentage of variation, calculated from the square of correlation coefficients

(R, given in parentheses).

Table 3 Correlation of AFB concentration in corn (ppb) and AFM concentration
(ppb) in human urine

DataanalyzedOverall

Overall, S,
Overall, S2
Male, overall
Male, S,
Male, S2
Female, overall
Female, Si
Female, S2Regression

eq. (Y,
AFMconcentration)0.0482

+ 0.0032*Â°

0.0043 + 0.0030*
0.0711 +0.0035*

-0.0220 + 0.0037*
-0.0406 + 0.0034*
-0.0317 + 0.0043*

0.3770 + 0.0016*
0.0180 + 0.0024*
0.5710 + 0.0012*R2

(%)32.7

(0.57)*

45.0 (0.67)
43.8 (0.55)
42.7 (0.65)
63.4 (0.80)
39.7 (0.63)

5.2 (0.22)
12.5(0.35)
2.1 (0.15)F

value122.7

103.3
53.0

133.9
155.0
59.5

4.9
6.0
1.0AFM

(ppb)
at 20 ppb

AFB0.112

0.064
0.141
0.052
0.027
0.054
0.409
0.066
0.595

Â°*, AFB concentration in corn (ppb).
* Percentage of variation, calculated from the square of correlation coefficients

(R, given in parentheses).
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Fig. 3. Correlation of aflatoxin B, concentration in corn with the excretion of
aliatovi" MI in human urine (1985 study). A linear regression equation of Y =
0.048 + 0.0032* with a correlation coefficient of 0.57 was obtained. X and Y
represent AFB concentrations in corn (ppb) and AFM concentration (ppb) in
urine, respectively. Male data (â€¢);female data (â€¢).

pies, samples obtained from either in the morning or in the
afternoon are adequate for future studies.

Twenty nine urine samples which had AFM concentration in
the range of 0.03-0.3 ng/ml were also analyzed for AFB by
ELISA using antibody which had no cross-reaction with AFM.
Aflatoxin Bl concentration in these samples were found to be
less than 0.03 (0.01-0.03) ng/ml. Because this was less than
0.5% of the total intake of AFB, other urine samples were not
analyzed for AFB.

DISCUSSION

The presence of AFM in human urine has been reported in
several incidences. Campbell et al. (33) demonstrated detectable
AFM in urine of people who consumed more than 30 /Â¿gof
AFB per day. The source of AFB was peanut butter. Studies in
another high liver cancer incidence region (average of 50/
100,000 person) of the People's Republic of China, i.e., Qidong

county, Wei et al. (34) revealed that the AFM excreted in urine
was around 1.5% of the intake of AFB using the TLC method.
Corn was the primary dietary AFB source in Qidong. In a more
recent study, Wu et al. (5, 35) using antibody affinity chroma-
tography and HPLC found a significantly high level of AFM
in human urine from a high liver cancer incidence region (>0.6
/ig/person/day) than the normal controls (less than 2 ng/day).
These investigators (35) also provided some preliminary limited
data indicating that the amount of AFM excreted in urine in
the hepatitis susceptible subjects (17 subjects) were higher than
those nonsusceptible in Qidong.

A number of studies attempting to correlate the etiological
agent responsible for the high liver cancer incidence has been
carried out in several counties of the Guangxi autonomous
regions of the People's Republic of China where high liver

cancer incidence was documented (19). The presence of AFB
in the diet has been considered to be one of the most important
factors contributing to such incidence. In Anlong, a county next
to Fushui county, Hu et al. (36) found that there was a corre
lation between the dietary intake of AFB with excretion of
AFM as analyzed by TLC. They found that the average AFB
intake and AFM excretion was 66 and 0.71 Â¿tg/person/day
(versus 58 ng AFB and 0.93 ng AFM in the present study),
respectively. Thus, 1.38% (versus 1.49% in the present study)
of the intake AFB was detectable in urine as AFM. Excellent

agreement was observed between the results obtained from the
present study and those of the study of Hu et al. (36). Results
from those studies, which were carried out independently with
two different methods and 5 years apart in approximately the
same region, suggest that AFB intake and AFM excretion are
rather constant in this higher liver cancer incidence region.
Nevertheless, it should be pointed out that the AFB level varied
considerably in some incidences. For example, the level of AFB
in foods during the period of collection of female urine samples
in the 1985 study was considerably higher than the period of
collection of male urine samples. The collection time was less
than a month apart. Such high dietary intake might be the
major factor contributing to the observation that the correlation
of AFB intake and AFM excretion in urine in the female
population was not as good as that of the male population even
though the extrapolated values for percentage of AFB excreted
as AFM in urine in both populations are within the range of
overall results. In addition to the higher dietary AFB levels,
other factors such as the rate of metabolism at different ages,
the possible presence of other metabolites, as well as the excre
tion of AFM through milk in some of the female subjects may
also be involved. In view of the lack of good correlation between
the dietary AFB intake and AFM excretion in female subjects,
further studies with more female subjects are warranted.

In conclusion, results obtained from the present study indi
cate that there is a strong correlation between dietary AFB
intake and excretion of AFM in human urine. Thus, analysis
of AFM in urine by ELISA could be used as an index for human
exposure of AFB in an extensive epidemiological study; moni
toring of AFM in human urine could be used in conjunction
with other possible factors, such as hepatitis virus infections,
to study their role on HC in humans. The excellent agreement
between the data obtained from ELISA and from other methods
clearly demonstrate the capability of ELISA. Other than accu
racy and sensitivity, the assay is simple and rapid; thus, it can
also be used as a preventive measure in addition to being used
as a research tool for the study of the role of aflatoxin in
carcinogenesis in humans.
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