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ABSTRACT 

Aflatoxin B I (AFB) is a well known hepatocarcinogen in several animal species 
and probably a causative agent in human hepatocellular carcinoma. Humans are 
exposed to AFB by ingesting contaminated food. Aflatoxin contamination encountered 
in human foods is usually atlow levels which is difficultto measure by chromatographic 
methods. Therefore in the present study we have developed an immunoassay for APB 
detection which is specific, sensitive and reliable. This method is applicable to a variety 
of biological samples such as food products, serum, milk, urine, etc. The antibody 
produced against AFB-bovine serum a1bwnin is highly specific with a low cross 
reactivity towards structurally-related aflatoxins. Other characteristics of this method 
including assay validation, reproducibility. recovery and statistical validations are 
discussed. We suggest the use of this technique as a routine method for screening food 
products designated for human consumption. 
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INTRODUCTION and sensitivity arc heing used for screening com�nercial and 
biological samples for AFB. 

Aflatoxins are a group of mycotoxins produced as 
secondary metabolites by Aspergilllls flal'lIs, The fungus 
grows rapidly on a variety of foodstuffs under favorable 
conditions of moisture and temperature.1 Among four 
naturally occurring aflatoxins, aflatoxin BI (AFB) is the 
most potent hepatotoxic and hepatocarcinogenic agent in 
several animal species including man, The main route of 
human exposure to AFB is through ingestion ofcontmninated 

foo<l.' 
Several procedures have been developed for the 

measurement of aflatoxin levels in biological and industrial 
samples, These procedures are thin layer chromatography 
(1LC), high performance liquid chromatography (HPLC), 
radioimmunoassay (RIA) and enzyme-linked 
immunosorbantassay (ELISA),'" In the developed countries, 
immunological techniques witil relatively high specificity 
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Out! to Ihe limitson animal feed with AFB contaminated 
grain of <3(1) ppb. regUlatory agencies have an imperative 
need fora screening metilOd which can quickly and accurately 
identify contmninmed feed in order to prevent i t  from 

reaching the market. Our country is not howeveran exception, 
since apart from large quantities of piSL1chio nuts exported 
annually, we import large quantities of corn, wheat, etc, 
which are usually imported via southern ports with afavorablo 
climate for the growth of aflatoxin-producing fungi. 

To our knowledge, presently TLC and gas 
chromatography (Ge) are tile metilOds routinely used at the 
authorized institutes in Iran, In tile present study. an attempt 
has been made to develop a rapid, sensitive and specific 
immunoassay for measuring the toxin in various clinical 
and commercial smnples, Further as to our infonnation, tltis 

is the first immunoassay reported for AFB in this country. 
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Radioimmunoassay for Aflatoxin B I 

MATERIALS AND METHODS 

Charcoal, dextran T-70, gelatin, compkte Freund's 
ndjuvan t (CFA), incomplete Freund's adju vnnt ([FA), AFB I, 
AFB I -I ortho-carboxymethyloxime-BSA (AFB 1-10-
CMO-BSA), and structurally-related afIatoxins such ns 
AFB2, AFG2, AFM I,  AFM2, AFP I, AFQ I were obtained 
from SigmaChemic,� Co.,SI. Louis, MO., U.S.A. Genemlly 
labeled 3[H] AFB I was purchased from American 
Radiolabeled Chemic,� Co., SI. Louis, MO., 63146U.S.A. 
SEP-PAK cartridges (classic) were obtained from Milipore 
Coorporation, Milford. Massachuseus 01757. All other 
solvents and reagents were of analytical grade products of 
E. Merck, Gennany. 

Immunization 
Two New Ze,�and white rabbit., were injected with 500 

J.lg each of immunogen (AFB-BSA) dissolved in 1.0 mL of 
physiologic saline and emulsified in 1.0 mL of CFA. The 
resulting emulsion was administered to 40 places on the 
back of the animal following the procedure of Vaitukaitis ct 
al.7 This was followed by a booster injection 30 days later, 
with 250 J.lg of immunogen for each animal emulsified in 1.0 
mL of saline and 1.0 mL of incomplete Freund's adjuv,mt 
(lFA) intramuscularly into each thigh and shoulder. This 
was continued for6 months while the anima.ls Wl!re injected 
every 15 days and bled seven days after each injection. 
Blood smnples were obtained from the marginal ear vein 
and the serum was separated. Each bleeding was checked 
for titer, specificity and sensitivity. The sample was 
supplemented with a proper preservative ,Uld stored at 
-20'C until use. 

Titer and dose-response assay 
Each bleeding was checked for the titer and a st,mdard 

curve was constructed following the procedure of Abraham 
et ,�.' Brieny: different dilutions of ,Ultibodies were prepared 
in RIA buffer (10 mmol PBS, pH= 7.4 containing 0.1% 
gelatin and 0.1 % sodium azide) ,Uld dispensed 100 j.lL each 
to duplicate tubes. '[H] AFB was diluted in the s[Une buffer 
and added to every tube (100 J.lL, approx. 10,000 cpm). 
These wefe then incubated overniglll and the reaction was 
terminated by adding 200 j.lL of dextran-coated charcoal 
(prepared by adding 0.625g Norit A and 0.l1625g dextran T-
70 in 100mLofRIA buffer) incubated for IOmin,centrifuged 
at 2lXJO g for 10 min. at 4'C and the supernatant was 
dispensed toa scintillation vial containing 5mL or scintillation 
cocktail (containing O.5g popop ,Uld 0.25g ofppo in 2.5 liter 
of toluene) and counted in an LKB p-emitter spectrometer. 
Similarly for dose-response curve, various concentrations 
of aflatoxin standard from an ethanolic stock solution were 
prepared in RIA buffer ,md added along with antibody and 
'[H]-afIatoxin lOeach tube. Other procedures wereperfonned 
as described above. 
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Fig. 1. Immunization schedule of antibody raised against anatoxin 
BI-I O-CMO BSA. 
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Fig. 3. Standard plo, of anti· anatoxin BI- IO-CMO-BSA by RIA 

Cross Reaction 

Possible structurally related aflatoxins such as AFB2, 
AFG2. AFMI, AFM2. AFPI and AFQI were checked in 
par,�lel with AFB up to 200 ng of concentration. 

Recovery 
Human serum, urine and cow's milk were treated with 

dextran-coated charcoal and supplemented Witll exogenous 
aflatoxin in different ranges. The serum and milk srunples 
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A. Totonchi, et al. 

Table l. Cross reactivities of antibody raised against APBl-1 
O-CMO-8SA with the strul·turally related compounds. 

SN SlruduraDy- %Cross Reactivities % Cross Related 
Allaloldns 

AN(1) ReactiviliesAN(2) 

• •• + ++ 

AFBI 100.0 100.0 100.0 100.0 

2 AFB2 2.8 6.0 5.0 10.0 

3 AFMI 3.75 12.5 2.0 15.0 

4 AFGI 5.0 18.7 10.0 18.0 

5 AFG2 1.0 5.0 1.0 2.0 

6 AH) 5.4 5.0 

.7 AFP 5.2 5.0 

•. + R!cl.!dmg Aft�r 4) Day�. 
n .++ Rll.!l.!Jin� AfIcr 2CXl Days 

Table II. EITel't of time and solvent on the pcrn�ntHge of 

eXlral'lion 

Solvent 

Time' Acetone Chlorororm Hexane Ether Ethanol .. 
miD). 

15 30 f/� 31.5 % 1% 17 '1., 50% 

30 33 flt 2lJ % 2% 29% 90 C/o 

45 31 % 31 % 1.9 % 19.5% 79% 

·65 28 % 18 % --- 20% �5 % 

"'shaking [lIllC 
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Fig. 4. Standard plot of nnti-nnatoxin B 1-1 O-CMO·BSA by RIA. 

were Ihen Irented wilh abouI2 ml elhanol and shaken for 30 
min. at roum tempemturc. The resulting suspension was 
then cenIrifuged al llOOOg for 30 min. 'Uld Ihe elh'Ulolic 
phase wa, separaled. These were then used for Ihe assay 
direclly. Urine s:unples were assayed dircclly wilhoUI 'my 
pretreatment. To check for the best recovery conditions we 
also examined a number of common solvents such as 
chloroform. acelOne. hexane and ether. Various shaking 
lime periods (i.e.: 15.30.45. and 65 minules) were tried in 

this relation. 

Assay Validation 

Inter-and inIraassay validations were perfonned by 

recovering three different concentrations of s::unplcst,U1dard 
foliowing a similar procedure reported elsewhere' by 
repeating each conct::nlration from tht: recovery step six 
times.ll1cassay was then perfomcd six times in six rcpiicmes. 

Test of paralielism 

A spiked sample of sIripped urine. milk ,md serum was 
serially diluled ,md lheassay was performed in parallel with 
the slandard dose response as described. 

Table Ill. Analytical recoveries of AFB! added to charcoal�treated serum. urine and milk. 

Cone. AFBI added SERUM CV% URINE CV% MILK CV% 
pg/lQ() U-L MeaD±SE M.eRD ± SE M�n .. ± SE 

Low 50 100± 27 1.26 94.2 ± 2.37 I 1.5 112.0 ± 2.5 9.13 

300 . __ ._._ ... . .... _ .•.... - 101.1 ± 1.4 6.92 

Medium 1000 97 ±4.07 4.19 ...... _------ 102.6 ± .23 5.58 

900 ---------- 101 ± 6.71 6.6 -------------

High 1500 92±6.77 736 --_ ... _------ 98.5 ± 1.24 6.34 

Very High 3000 --------_.- 94.0±0.7 0.7 --------------

Conc.= ConcenU'nlion 
Each concentration assayed 25 limes 
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Radioimmunoassay for Aflatoxin B I 

Table IV. Inter- and intra-assay variation of aflatoxin 81 added to cbarchoal-stripped milk 

Inter·assay n MeaD±SE CVIJI, Mean±SE CV% Mean±SE CV'iI> 
Pool A Pool 0 .' Pool C 
ng/mL nglmL Dg/mL 

I 6* 0.36 ± 0.04 11.2 1.0 ± .02 6.4 1.52 ± .08 5.6 

2 6 0.28 ± 0.01 

3 6 0.31 ± 0.03 

4 6 0.29 ± 0.04 

5 6 0.30± 0.03 

6 6 0.31 ± 0.01 

Intra-assay 6 0.30 ± .02 

n= number of tlllles assay carned uu!. 

*= result of (i repliciltcS. 

C 18 column chromatography 

6.1 

II. 7 

14.8 

9.5 

3.9 

9.0 

In order to observe the effect of partial purification 'Uld 
concentmtion of the urine samples. we perfonned a C 18 
column chromatography for six samples following tile 
procedure of Stubblefield et aI." Briefly. a CIS cartridge 
equipped with an adaptor was attached to a 30 mL syringe 
as smnple reservoir. The cartridge was connected to a 
peristaltic pump and pretreated cartridge with 5mL methanol. 
followed by SmL H,O. A 10 mL cIearified urine was added 
and the sample was drawn through the column at a flow rate 
of 20mL/min. The column was rinsed with 3mL water 
followed by 5mL acetonitrile·H,O (15 + 8S) at a flow rate of 
I drop/so The cartridge was washed with 5mL H,O (fast run) 
and allowed to run dry. Finally tile AFB was eluted WitIl I.S 
mL MeOH.H,o (7 + 3). 

RESULTS 

Fig. 1 shows the immuniz.1tion schedule foranti·aflatoxin 
B I· IO·CMO·BSA raised in two rabbits. Both animals 
reached approximately a titer of 1/2500 after six months of 
immunization (Fig. 2). Percent cross reaction of 'Ultibody 
WitIl the structurally·related aflatoxins was calculated and 
shown in Table I. The results presented denote that the 
antibody obtained is highly specific during the first four 
months of immunization but the cross reaction increases as 
time elapses (data not shown here). Results of 10 'Uld 4 
composite standard curves have been presented in Figs. 3 
and 4. These results indicate that antibody raised in 'Ulimal 
number 1 is of more sensitivity. In Figs. Sand 6 the 
calculated affinity constant of antibodies are shown. These 
results show that antibody raised in 'Ulimal number one 

1.0 ± .03 8.1 1.44 ± .08 5.1 

1.0 ± .03 5.8 1.46±.17 11.7 

1.0 ± .06 5.9 1.42±.11 8.2 

1.1 ± .03 5.2 1.57± .08 5.3 

1.1 ±.04 5.3 1.57 ± .08 5.3 

1.0± .05 4.76 1.49 ± .06 4.40 

." 
3 

2.6 

2 

1.5 

0.' 

oL---��--�----�--�----��� 
.303 . 497 .756 1.35 
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to2 3.1 3.7 
_1 •• 1 

Fig. 5. Scatchard plot of nnti·nflntoxin·BI·IQ·CMO·BSA *by 

RIA. 
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Fig. 6. Scntchard plot of .nti·nflntoxin·IO·CMO.BSA* by RIA. 
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Radioimmunoassay for Aflatoxin B I 

Table IV. Inter- and intra-assay variation of aflatoxin 81 added to cbarchoal-stripped milk 

Inter·assay n MeaD±SE CVIJI, Mean±SE CV% Mean±SE CV'iI> 
Pool A Pool 0 .' Pool C 
ng/mL nglmL Dg/mL 

I 6* 0.36 ± 0.04 11.2 1.0 ± .02 6.4 1.52 ± .08 5.6 

2 6 0.28 ± 0.01 

3 6 0.31 ± 0.03 

4 6 0.29 ± 0.04 

5 6 0.30± 0.03 
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n= number of tlllles assay carned uu!. 

*= result of (i repliciltcS. 

C 18 column chromatography 

6.1 

II. 7 

14.8 

9.5 

3.9 

9.0 

In order to observe the effect of partial purification 'Uld 
concentmtion of the urine samples. we perfonned a C 18 
column chromatography for six samples following tile 
procedure of Stubblefield et aI." Briefly. a CIS cartridge 
equipped with an adaptor was attached to a 30 mL syringe 
as smnple reservoir. The cartridge was connected to a 
peristaltic pump and pretreated cartridge with 5mL methanol. 
followed by SmL H,O. A 10 mL cIearified urine was added 
and the sample was drawn through the column at a flow rate 
of 20mL/min. The column was rinsed with 3mL water 
followed by 5mL acetonitrile·H,O (15 + 8S) at a flow rate of 
I drop/so The cartridge was washed with 5mL H,O (fast run) 
and allowed to run dry. Finally tile AFB was eluted WitIl I.S 
mL MeOH.H,o (7 + 3). 

RESULTS 

Fig. 1 shows the immuniz.1tion schedule foranti·aflatoxin 
B I· IO·CMO·BSA raised in two rabbits. Both animals 
reached approximately a titer of 1/2500 after six months of 
immunization (Fig. 2). Percent cross reaction of 'Ultibody 
WitIl the structurally·related aflatoxins was calculated and 
shown in Table I. The results presented denote that the 
antibody obtained is highly specific during the first four 
months of immunization but the cross reaction increases as 
time elapses (data not shown here). Results of 10 'Uld 4 
composite standard curves have been presented in Figs. 3 
and 4. These results indicate that antibody raised in 'Ulimal 
number 1 is of more sensitivity. In Figs. Sand 6 the 
calculated affinity constant of antibodies are shown. These 
results show that antibody raised in 'Ulimal number one 

1.0 ± .03 8.1 1.44 ± .08 5.1 
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A. Totonchi, et al. 

Table V. Inter _ Bod intra-assay variation of anatoxin 81 added to the charchoal.stripped serum. 

4 

3 

, 

Inter-........ y 0 Meao ±SI! 
Pool A 
oglmL 

I 6- 0.05 ± 0.00 

2 6 0.05 ± 0.00 

3 6 0.05 ± 0.00 

4 6 0.05 ± 0.00 

5 6 ��-----------

6 6 ------------

Intra-assay 6 0.05 ± 0.00 

n= number of Urnes assay earned out. 
*= number of replicates. 

l •• �11 Y'IIo Y 1100-" 

CV,*, 

0.2 

2.1 

0.3 

8.2 

-----

-----

0.0 

o�------------------���------
-, 

_ , L-__ � __ � ____ � __ � __ � __ ��� 1.39 1.69 2 2.4 2.7 3 3.5 3.8 

- Standard Curw -+- Sample Dilution 

Fig. 7. Logit-log transfomlation of the dose response curve and 
sample dilution of milk by RIA (test of pm'allelism). 
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, 
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" , 

+ 
-,L---�--�--��--�--�---7�� 1.aa 1.69 2 2.4 2.7 3 3.6 3.8 

-- Satndard Curve -.....- Sample Dilution 

Fig. 8. Logit-log tnmsfonnation of the dose reponsc curve and 
sample dilution of serum by RIA (test of parallelism). 

possesses a higher affinity. ie. 1.2><10 L/Mo!. The data 
presented in Table II show tl,ata one-step ethanol extraction 
runong other solvents witllOutany further treaunent resulted 

in about 90-1 00% recovery after 30 minutes of shaking. The 

Meao±SI! CV,*, Me811± SI! CV'ili 
PooiB PooiC 
oglmL ngImL 

0.88 ± 0.01 4.32 1.31 ±OA. 8.26 

0.94 ± 0.05 104 1.24 ± 0.2 5,02 

0.85 ± 0.01 5.41 I.3I ±OA 8.67 

0.89 ± 0.02 5.97 1.21 ± 0.3 6.10 

0.91 ± 0.01 3.98 1.29 ± 0.4 8.50 

0.87± 0.01 4.73 1.29 ± 0.8 5.90 

0.89 ± 0.03 3.55 1.27 ± .04 3.20 

39 

recovery data presented in Table III show that the 'L<say is 
well validated in three ranges of low, medium ,md high 
concentration whereby between 92-102% recovery is 
obtained in different srunples (urine, serum and milk). TIle 
precision profile of each assay system for three diffefent 
srunplesare listed inTablesIV, V and VIformilk,serumand 

urine respectively. each srunple performed in six replicates 
and each assay repeated six times. Coefficient of variation 
(CV). standard error of mean (SE) and standard deviation 
(SD) were all within the acceptable runges. In Figs. 7.8 and 
9 the results of parallelism test are shown. The slopes of 
standard curve and sample dilutions in all three cases are in 
agreemen!. Finally. in Table VII we have presented data 
related to various clinical. normal and commercial samples. 
11le results indicate the absence of aflatoxin in the urine and 
serum of normal m,�es living in Tehran when using 200!JL 
of urine for analysis wilhoUl 'my funher treaunen!. However. 
when the same srunples (10 mL) were passed through a C 18 
sep"pak column and concentrated for almost 20 times al1 
samples under investigation show�u AFB contmn inalion 
between 80-100 pg/mL. We also oelecled 250 pg/mL of 
AFB in one oul of 50 different milk smnpies obtained from 
various parts of the country. Similarly. we could detect that 
two srunples (prediagnosed as liver c,mcer patients from 
northern regions of the country) out of 19 samples oblained 
from patients suffering [rom various cancers con�1ined 
about 250 pg/mL aflatoxin. These results have been repeated 
for three times, every time with nearly similar results. 

DISCUSSION 

In the developed counnies, chromatographic methods 
are being replaced by immunoassays for the detection of 
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Radioimmunoassay for Aflatoxin B I 

Table VI [nter� and intra-assay variation of anatoxin B 1 added to the charehoal-stripped urine 

Inter-assay n MeaD±SE CV'lb Mean±SE CV'lb Mean±SE CV'lb 
Pool A Pool B Pool C 
oglmL oglmL nglmL 

I 6· 0.049 ± 0.00 2.0 0.83 ± 0.01 4.1 3.05 ± 0.03 2.74 

2 6 0.046 ± 0.00 

3 6 0.47±0.00 

4 6 0.049 ± 0.00 

5 6 -------------

6 6 ------ ------

Intra-assay 6 0.047 ± 0.00 

n= number of limes assay earned out. 
*= number of rcplic;ltcS. 

3.1 

3.3 

3.6 

-----

-- ---

3.1 

mycotoxins.II-14 The presence of AFB has been encountered 
in several food and feed commodities imported to Iran 
(personal communication). In case of man. due to the 
mechanic,� elimination and processing of the contaminated 
food. only trace amounts of aflatoxin residues are left in tile 
grains and their derived products. This minor quantity of 
AFB is practically not detectable by TLC. while the 
measurement of basal levels of AFB by immunologic,� 
techniques possesses diagnostic value. 

AFB like several other genotoxic agents is known 10 be 

mutagenic and carcinogenic itl vitro and ill vivo systems 

irrespective of the dose.IS-17 nH.� measurement of AFB in 

human serum. urine and milk could therefore be of immense 

importance for monitoring the relationship between human 

exposure and the environmental contamination of Ole toxin. 10. 

"The work presented here introduces a mdioimmunoassay 

which is specific. simple. sensitive 'Uld reliable with a high 

throughput for the measurement of low levels of AFB I in 

various srunples. From the immunological point of view Ulis 

technique has other advantages over similar methods reponed 

elsewhere."'" Use of one step ethanol extraction witilOut 

any col umn chromatogmph y has shown acceptable precision 

in routineoperation. Wealso found that this type of extraction 

will result in an excellent recovery (i.e. 95-110%). Presence 

of AFB in humrul serum 'Uld urine is reponed by m,UlY 

workers. In mosl.of these studies the antibody used cross 

reacts with a number of structurally related aflatoxins.l� 

Therefore. the results obtained can not be expressed as AFB 

content only. In tilese studies tile column chromatogmphy 

not only serves as a purificatio� step but also results in 

considerable concentmtion of Ule sample. Here we have 

prepared a very specific antiserum with a high aftinity 'Uld 

very low cross-reactivity Witil other aflatoxms. ThiS Will 

0.86 ± 0.02 8.02 3.01 ±0.01 1.34 

0.83 ±0.01 4.84 2.94 ±0.02 . 1.67 

0.84 ± 0.02 5.81 3.1O±0.D4 3.53 

0.84 ± 0.01 4.62 3.21 ±0.06 5.22 

---- ---------- ----- 3.38 ± 0.03 2.47 

0.84 ± 0.01 1.37 3.11 ±0.15 5.08 

40 

3 

2 

::L--[ ���------" 
1.39 1.69 2 2.4 2..9 3 3.5 3.8 

- Standard ourve. -+- Reoowred Sample u 

Fig. 9. Logit-Iog transformation of the dose response curve and 
s3mple dilution of urine by RIA (test of paraUclism). 

overlook the need for lime-consuming extraction and 
purification chromatography for the purpose of purilication 
and C\e,Ul up. However. if this is required in the case of very 
low exposure our results indicate that the use of a CIS 
column to concentrate 10 mL urine will improve the assay 
sensitivity. To this end we found no signilicant difference 
using either a CI8 column for one mL urine or assaying the 
sample directly without any pretreatment (data not shown). 
The low limit of AFB detection in this assay is 25 pg/tube i.e. 
using 0.2 mL urine. serum or milk extract (equivalent 10 0.2 
mL of sample) or 125 pg/mL. TIle SI<Uldard curve is well 
v,�idated between 25 pg up to lOng. The inter-'Uld intra­
assay variations are well in the accep�,ble range (Tables IV­
VI). Since this metilOd is fully validated under various 
circumSl<UlCes. we Ulerefore suggest that it may replace 
current methods of AFB detection in this country. 
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