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lapatinib nilotinib erlotinib sorafenib Fig. 

1 TDM 1 competitive 

ELISA  

 

Lapatinib EGF

ErbB1 HER-2 / neu erbB2

[8]

[9]

lapatinib 3-chloro-4-{(3fluorobenzyl)oxy}aniline (CFBA)

competitive ELISA 1  

Nilotinib Bcr-Abl 

imatinib

[10, 11] QT

nilotinib

nilotinib [12]

Fig. 1 Chemical structure of molecular targeted therapy of cancer 
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nilotinib 2-(5-amino-2methylanilino)-4-(3-pyridyl)pyrimidine 

(AMPP) competitive ELISA 2

 

Erlotinib

[13 , 14]

[15]

EGFR

[16, 17] Erlotinib

CYP3A4 CYP1A2 CYP3A5 CYP3A4

erlotinib 50 [18]

erlotinib -

AUC 1.5 2 [19]

erlotinib erlotinib

[20]

TDM erlotinib ethyl 3,4-bis 

(2-methoxyethoxy)benzoate (EBMB) competitive 

ELISA 3  

Sorafenib

HCC

[21, 22 ,23]

sorafenib HCC 20

1 [24, 25]
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sorafenib

[26, 27]

Sorafenib CYP3A4 [28]

CYP3A4

felodipine CYP3A4

sorafenib [29] prednisolone

CYP3A4 sorafenib [30]

sorafenib

sorafenib

[27,31] sorafenib 4-(4-

aminophenoxy)-N-methyl-2-pyridinecarbo xamide (AMPC) 

competitive ELISA 4  
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1 Lapatinib competitive ELISA  
 
2-1-1.  
 

2-1-1-1.  

Lapatinib (AdooQ BioScience LLC Irvin, CA, U.S.A.) 

3-Chloro-4-{(3-fluorobenzyl)oxy}aniline (CFBA) (Ark Pharm, Inc. Ventura Drive, 

Arlington Heights, U.S.A.) 

Horse radish peroxidase (HRP) and 3,3, 5,5-tetramethylbenzidine (TMB) (Boehringer 

Ingelheim Pharma GmbH. Binger , Ingelheim am Rhein , Germany) 

 

2-1-1-2. Lapatinib  

Lapatinib lapatinib CFBA Fig. 

1 N,N-Dimethylformamide (DMF) 100 μL CFBA (10 mg, 40 μmol) 

1 M acetic acid 100 μL 50 μL sodium 

nitrite (2.8 mg, 40.5 μmol) 0 10

0.1 M borate buffer (pH 9.0) 4 mL BSA (20 mg) 

1 1 mM phosphate buffered saline (PBS) (pH 7.0) 

48 CFBA-BSA lapatinib

 

 

  



 

14 

 

 
  

Fig. 1 Scheme for the preparation of immunogen and enzyme conjugate 
in the ELISA for lapatinib 

EDC 
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2-1-1-3. Lapatinib  

CFBA-BSA 1 mg Freund’s complete 

adjuvant

2 3 10

55 30 HiTrap protein 

G column (GE Healthcare, Stockholm, Sweden) IgG

IgG lapatinib  

 

2-1-1-4. Lapatinib  

horse radish peroxidase (HRP) CFBA

Fig. 1 Pyridine 0.5 mL CFBA (10 mg, 40 μmol) succinic 

anhydride (4.0 mg, 40 μmol) 60

ethyl acetate 95% dioxane 1 mL

1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC) (5.2 mg, 80 μmol) 

N-hydroxysuccinimide (NHS) (9.2 mg, 80 μmol) 2

30 μL 0.1 M phosphate buffer (PB) (pH 7.0) 0.5 mL

HRP (0.5 mg) 1 Sephadex G-75 column

CFBA-HRP lapatinib

4 6  

 

2-1-1-5. Lapatinib ELISA  

ELISA

microtiter plate well 10 mM Tris buffer (pH 8.5) lapatinib
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2 μg/mL 100 μL 37 1

1% skim milk 100 μL 37 30 blocking Well

lapatinib 25 μL 0.1% BSA PBS 100

CFBA-HRP 75 μL 37 3

3% dimethyl sulfoxide (DMSO) 0.01% hydrogen peroxide

0.05 M acetate citric acid buffer (pH 5.5) 0.42 mM TMB well

100 μL 37 30 2 M sulfuric 

acid 100 μL ELISA analyzer (ImmunoMini NJ-2300, 

Nalje Nunc Int.Co. Ltd, Tokyo, Japan) 450 nm

 

  

2-1-1-6.  

Wistar 180 200 g methyl cellulose (0.5%, 

w/v water) lapatinib 2 mg/mL lapatinib 10 

mg/kg 0.5, 1, 2, 3, 4, 6, 8, 12 24

ELISA  
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2-1-2.  

 

2-1-2-1. Lapatinib ELISA 

Fig. 2

lapatinib 1.6 5000 ng/mL 40 5000 ng/mL

Lapatinib 550 1710 

ng/mL [32] ELISA TDM
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Fig. 2 Standard curves for lapatinib in human serum  
The curves show the amount (%) of bound enzyme activity for various doses of each 

drug (B) as a ratio of that bound by HRP-labeled drug alone (B0). Each point represents 
the mean ± S.D. of 3 replicates. 
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2-1-2-2. Lapatinib  

lapatinib

50% CFBA

% lapatinib lapatinib

100.0 m-fluorobenzyl alcohol 4-amino-

2-chlorophenol Table. 1  
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Table. 1 Specificity of anti-lapatinib antibody 
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2-1-2-3.  

lapatinib

Tmax 2 Cmax 650 ng/mL Fig. 3  
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Fig. 3 Mean serum concentration–time profiles for lapatinib in rat following 
single oral administration of lapatinib (10 mg/kg) 

The rat was injected of 10 mg/kg lapatinib. At each interval, blood samples 
were collected and serum levels of lapatinib was measured by the ELISA. 
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2-1-3.  

Lapatinib

AUC [33]

lapatinib AUC [34]

lapatinib

TDM lapatinib

TDM competitive ELISA

 

Lapatinib 1 BSA

lapatinib CFBA

lapatinib CFBA

lapatinib Fig. 

1 CFBA-HRP HRP

Fig. 1  

lapatinib lapatinib

CFBA lapatinib

Lapatinib  CYP3A4 O- N-

lapatinib

lapatinib CFBA

O-

N- lapatinib

N-
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[35] ELISA

lapatinib

 

lapatinib

lapatinib lapatinib TDM

competitive ELISA  
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2 Nilotinib competitive ELISA  

 

2-2-1.  

 

2-2-1-1.  

2-(5-Amino-2methylanilino)-4-(3-pyridyl) pyrimidine (AMPP) (Tokyo Chemical 

Industry Co, Ltd. Tokyo, Japan) 

HRP and TMB (Boehringer Ingelheim Pharma GmbH. Binger , Ingelheim am Rhein , 

Germany) 

 

2-2-1-2. Nilotinib  

Nilotinib nilotinib AMPP Fig. 

1 Pyridine 0.5 mL AMPP (10 mg, 36 μmol) succinic anhydride (3.6 mg, 

36 μmol) 60

DMF 100 μL 95% dioxane 2 mL EDC (13.8 mg, 72 

μmol) NHS (8.3 mg, 72 μmol) 2

0.1      M PB (pH7.0) 1 mL BSA (20 mg) 1

1 mM PBS 48 AMPP-

BSA nilotinib  
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Fig. 1 Scheme for the preparation of immunogen and enzyme conjugate 
in the ELISA for nilotinib 

EDC 
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2-2-1-3. Nilotinib  

AMPP-BSA 0.5 mg Freund’s complete 

adjuvant BALB / c 2

3 10

55 30 nilotinib

 

 

2-2-1-4. Nilotinib  

HRP AMPP  (Fig. 1) Pyridine 0.5 

mL AMPP (5 mg, 18 μmol) succinic anhydride (1.8 mg, 18 μmol) 

60 ethyl acetate

95% dioxane 1 mL EDC (8.0 mg, 36 

μmol) NHS (4.15 mg, 36 μmol) 2

140 μL 0.1 M PB (pH 7.0) 0.5 mL HRP (0.5 mg) 1

Sephadex G-75 column

AMPP-HRP nilotinib

4 6  

 
2-2-1-5. Nilotinib ELISA 

ELISA

microtiter plate well 10 mM Tris buffer (pH 8.5) 5000 nilotinib

100 μL 37 1 100 μL

1% skim milk 37 30 blocking Well

nilotinib 25 μL 0.1% BSA PBS 200 AMPP-HRP 
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75 μL 37 3

3% DMSO 0.01% hydrogen peroxide 0.05 M acetate citric acid 

buffer pH 5.5) 0.42 mM TMB well 100 μL 37 30

100 μL 2 M sulfuric acid

ELISA analyzer 450 nm

 

 

2-2-1-6.  

Wistar 180 200 g methyl cellulose (0.5%, 

w/v water) nilotinib 4 mg/mL nilotinib 20 

mg/kg 0.5, 1, 2, 3, 4, 6, 8, 12 24

ELISA  
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2-2-2.  

 

2-2-2-1. Nilotinib ELISA 

Fig. 2

nilotinib 0.32 1000 ng/mL 8 1000 ng/mL

Nilotinib 1123 1595 

ng/mL [36] ELISA TDM
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Fig. 2 Standard curves for nilotinib in human serum 
The curves show the amount (%) of bound enzyme activity for various 

doses of each drug (B) as a ratio of that bound by HRP-labeled drug alone 
(B0). Each point represents the mean ± S.D. of 3 replicates. 
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2-2-2-2. Nilotinib  

nilotinib

50% AMPP

% nilotinib nilotinib

100.0 4-(3-pyridyl)-2- pyrimidineamine

Table. 1  
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Table. 1 Specificity of anti-nilotinib antibody 
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2-2-2-3.  

nilotinib

Tmax 6 Cmax 2300 ng/mL Fig. 3  

  



 

34 

 

 

Fig. 3 Mean serum concentration–iime profiles for nilotinib in rat following 
single oral administration of nilotinib (20 mg/kg) 

The rat was injected of 20 mg/kg nilotinib. At each interval, blood 
samples were collected and serum levels of nilotinib was measured by the 
ELISA. 
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2-2-3.  

 

Nilotinib lapatinib

AUC [37]

nilotinib AUC

[38] Giles nilotinib

[12] nilotinib TDM

nilotinib

TDM competitive ELISA  

Nilotinib 1 BSA

nilotinib AMPP

nilotinib AMPP

nilotinib AMPP-HRP

Fig. 1  

nilotinib nilotinib

AMPP nilotinib

Nilotinib CYP3A4

[39] nilotinib

[39] ELISA nilotinib
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nilotinib

nilotinib nilotinib TDM

competitive ELISA  
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3 Erlotinib competitive ELISA  

 

2-3-1.  

 

2-3-1-1.  

Erlotinib Hydrochloride (TARCEVA) and O-desmethyl erlotinib (OSI-420) (AdooQ 

BioScience LLC Irvin, CA, U.S.A.) 

Ethyl 3,4-bis (2-methoxyethoxy) benzoate (EBMB) (AK Scientific, Inc. Union City, CA, 

USA) 

2,4,6-Trinitrobenzene sulfonic acid (TNBS) (Tokyo Chemical Industry Co., Ltd. Tokyo, 

Japan) 

HRP and TMB (Boehringer Ingelheim Pharma GmbH. Binger , Ingelheim am Rhein , 

Germany) 

 

2-3-1-2. Erlotinib  

Erlotinib erlotinib EBMB Fig. 

1 1N Sodium hydroxide 0.5 mL EBMB (10 mg, 33.5 μmol) 

ethyl acetate

95% dioxane 1 mL EDC (12.7 mg, 67 μmol) NHS (7.7 

mg, 67 μmol) 2 0.1 M PB (pH7.0) 

1 mL BSA (20 mg) 1 1 mM

PBS 48 EBMB-BSA erlotinib

BSA EBMB Trinitrobenzene sulfonic 

acid (TNBS) BSA 1 mol 18.1 mol EBMB
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Fig. 1. Scheme showing the preparation of the immunogen and 
enzyme conjugate. 
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2-3-1-3. Erlotinib  

EBMB-BSA 0.5 mg Freund’s complete 

adjuvant BALB / c 2

3 10

55 30 erlotinib

 

 

2-3-1-4. Erlotinib  

HRP EBMB Fig. 1 1N Sodium 

hydroxide 0.5 mL EBMB (10 mg, 33.5 μmol) 

ethyl acetate

95% dioxane 1 mL EDC (12.7 mg, 67 μmol) NHS( 7.7 mg, 67 μmol) 

2 50 μL 0.1 M PB (pH 7.0) 0.5 mL

HRP (0.5 mg) 1 Sephadex-G75 

column EBMB-HRP erlotinib

4 6  

 

2-3-1-5. ELISA   

ELISA

microtiter plate well 10 mM Tris buffer (pH 8.5) mouse-IgG  (2 

μg/ml) 100 μL 37 1 1% 

skim milk 2000 erlotinib 100 μL 37 30

Well erlotinib  50 μL 0.1% BSA PBS
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20 EBMB-HRP 50 μL 4

3% DMSO 0.01% hydrogen peroxide

0.05 M acetate citric acid buffer (pH 5.5) 0.42 mM TMB well

100 μL 37 30 2 M sulfuric acid 

100 μL ELISA analyzer 450 

nm  

 

2-3-1-6.  

BALB/c 25 30 g methyl cellulose (0.5%, 

w/v water) erlotinib 6 mg/mL erlotinib 30 

mg/kg 0.25, 0.5, 1, 2, 4, 8, 12 24

ELISA  
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2-3-2.  

2-3-2-1. Erlotinib ELISA 

Fig. 2

erlotinib 8 25000 ng/mL 40 5000 ng/mL

5 1.9 9.2

2.3 7.3 Table 

1 Erlotinib 600 2500 ng/mL

[40] ELISA TDM

 

  



 

42 

 

 

  

0

20

40

60

80

100

1 10 100 1000 10000 100000

Fig. 2 Standard curve of the developed ELISA for erlotinib in human serum 
The curve shows the bound enzyme activity (%) for various doses of 

erlotinib (B) as a ratio to that bound using erlotinib-HRP alone (B0). Each 
point represents the mean  S.D. (n=3). 
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Table 1 Recoveries of erlotinib from human serum and precision of ELISA 
for erlotinib 

Intra-assay 
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2-3-2-2. Erlotinib  

erlotinib

50% erlotinib

% erlotinib EBMB

100 O-desmethyl erlotinib

6.7 3-fluoro-4-(2-methoxyethoxy)aniline 1.3 1,2-diethoxybenzene

0.8 Table. 2

EBMB erlotinib

8.5Å Fig. 3  
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Table 2 Percent cross-reactivity of metabolite and analogs measured by ELISA 
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Fig. 3 The predicted target areas of the anti-erlotinib antibody.  
The length of epitope was approximately 8.5 Å 
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2-3-2-3.  

erlotinib

Tmax 1 Cmax 2987 ng/mL Fig. 3  
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Fig. 4. Blood erlotinib levels in mice after a single oral administration of 
erlotinib 

Three mice weighing 25–31 g were injected with 30 mg/kg erlotinib. At 
each interval, blood was collected and the levels of erlotinib were measured 
by ELISA. Each point represents the mean  S. D. (n=3). 
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2-3-3.  

 

O-desmethyl erlotinib erlotinib [41]

O-desmethyl erlotinib erlotinib 10

[41] erlotinib

O-desmethyl erlotinib erlotinib

erlotinib erlotinib

bis(2-methoxyethoxy)

[42, 43]

erlotinib

bis(2-methoxyethoxy)

erlotinib

erlotinib  (EBMB) 

erlotinib EBMB

erlotinib EBMB-HRP

Fig. 1  

erlotinib erlotinib erlotinib

O-desmethyl erlotinib

EBMB erlotinib

ELISA erlotinib
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erlotinib

erlotinib erlotinib TDM

competitive ELISA  
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4 Sorafenib Competitive ELISA  

 

2-4-1.  

 

2-4-1-1.  

Sorafenib and sorafenib N-oxide (Toronto Research Chemicals Inc. North York, ON, 

Canada) 

4-(4-Aminophenoxy)-N-methyl-2-pyridinecarboxamide (AMPC) (Tokyo Chemical 

Industry Co., Ltd. Tokyo, Japan) 

HRP and TMB (Boehringer Ingelheim Pharma GmbH. Binger , Ingelheim am Rhein , 

Germany) 

 

2-4-1-2. Sorafenib  

Sorafenib sorafenib AMPC Fig. 

1 Pyridine 0.5 mL AMPC (10 mg, 41 μmol) succinic anhydride (4.1 mg, 

41 μmol) 60

95% dioxane 0.5 mL EDC (12.5 mg, 65 μmol) NHS (7.5 

mg, 65 μmol) 2 0.1 M PB pH 

7.0 1 mL BSA (20 mg) 1 1 

mM PBS 48 AMPC-BSA sorafenib

BSA AMPC TNBS

BSA 1 mol 20 mol AMPC  
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Fig.1 Scheme showing the preparation of the immunogen and enzyme 
conjugate in ELISA for sorafenib 
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2-4-1-3. Sorafenib  

AMPP-BSA 0.5 mg Freund’s complete 

adjuvant BALB / c 2

3 10

55 30 sorafenib

 

 

2-4-1-4. Sorafenib  

HRP AMPC Fig. 1 Pyridine 0.5 mL

AMPC (10 mg, 41 μmol) succinic anhydride (4.1 mg, 41 μmol) 

60 ethyl acetate

95% dioxane 0.5 mL EDC (12.5 mg, 65 μmol) 

NHS (7.5 mg, 65 μmol) 2 30 μL

0.1 M PB (pH 7.0) 1 mL HRP (0.5 mg) 1

Sephadex G-75 column AMPC-HRP

sorafenib

4 6  

 

 

2-4-1-5. Sorafenib  

Sorafenib 10 μL DMSO 20 μL

1 mM ethylenediaminetetraacetate acid (EDTA) 0.5% β-

cyclodextrin 0.1% BSA 0.2 M Tris buffer ELISA  
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2-4-1-6. Sorafenib ELISA 

ELISA

microtiter plate well 10 mM Tris buffer (pH 8.5) 5000 sorafenib

100 μL 37 1 1% 

skim milk 100 μL 37 30 blocking Well

sorafenib  50 μL 1 mM EDTA 0.5% β-cyclodextrin 0.1% BSA

0.2 M Tris buffer 100 AMPP-HRP 50 μL 4

3% DMSO 0.01% 

hydrogen peroxide 0.05 M acetate citric acid buffer (pH 5.5) 0.42 

mM TMB well 100 μL 37 30

2 M sulfuric acid 100 μL ELISA analyzer

450 nm  

 

2-4-1-7. HPLC  

Sorafenib HPLC Noda [30]  
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2-4-2.  

 

2-4-2-1. Sorafenib ELISA 

buffer

0.16 500 ng/mL 4 12500 ng/mL  (Fig. 2)

Fig. 

3 sorafenib 8 25000 ng/mL 40

5000 ng/mL 5

5.0 9.5 4.9 9.7

Table 1 Sorafenib

2000 9000 ng/mL [44] ELISA TDM
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Fig.2 Standard curve for sorafenib in buffer and human serum 
The curve shows the ratio (%) of bound enzyme activity for various doses of 

sorafenib (B) to that using sorafenib–HRP alone (B0). Buffer: ●, human serum: ■. 
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Fig. 3 Standard curve for sorafenib in deproteinized human serum 
The curve shows the ratio (%) of bound enzyme activity for various 

doses of sorafenib (B) to that using sorafenib–HRP (B0). The curve was 
essentially linear on a semilogarithmic plot between 0.008 and 25 μg/mL. 
Each point represents the mean ± S.D. (n=3). 
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2-4-2-2. sorafenib  

sorafenib

50% sorafenib

% sorafenib

AMPC 100 regorafenib 83.3%

sorafenib-N-oxide 2.5 enzalutamide 0.44 4-phenoxypiridine 

Table.2  
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Table. 2 Specificity of Anti-Sorafenib Antibody 



 

61 

2-4-2-3. ELISA HPLC  

32 sorafenib ELISA HPLC

 (Fig. 4) Y(HPLC) = 1.016X(ELISA) - 0.137

0.979 n = 32  
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Fig. 4 Correlation between serum sorafenib concentrations of patients 
determined by the present ELISA and HPLC methods 
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Sorafenib-N-oxide sorafenib CYP3A4

sorafenib [28]

sorafenib 70 85 sorafenib-N-oxide 9 17

[28] sorafenib ELISA

sorafenib-N-oxide sorafenib

[42, 43]

sorafenib N-methyl-2-pyridinecarboxamide

sorafenib AMPC

AMPC

sorafenib Fig. 1

AMPC-HRP Fig. 1  

Sorafenib 50 μL

ELISA

DMSO

sorafenib 40 5000 ng/mL

sorafenib 2000 9000 ng/mL [44]

ELISA TDM sorafenib

AMPC sorafenib
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sorafenib-N-Oxide 9

17 [28] sorafenib-N-Oxide

sorafenib uridine 

diphosphate glucronosyl transferase (UGT1A9) 

[45] sorafenib

sorafenib sorafenib

ELISA HPLC

0.979 n = 32 2

ELISA

sorafenib  

sorafenib

sorafenib sorafenib TDM

competitive ELISA  
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3 imatinib sandwich ELISA  

 

 

 

therapeutic drug monitoring (TDM) 

TDM

1000 2

1

TDM

2

sandwich ELISA
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1000

sandwich ELISA  

2005 anti-metatype antibody sandwich ELISA

781 digoxin [46-48] anti-metatype antibody

2

tacrolimus  : 804 sandwich ELISA

1000 2

[49] 580 naringin sandwich ELISA

[50] 494

imatinib Fig. 1 sandwich ELISA  

Imatinib

[51-53] bcr-Abl

imatinib [2, 54]

[55, 56]

N-desmethylimatinib pyridine-N-oxideimatinib

imatinib MPMB AMPP 2

2 sandwich ELISA  

 

  

Fig. 1 Chemical structure of imatinib 
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3-1.  

 

3-1-1.  

Imatinib mesylate (LKT Laboratories, Inc. Phalen Blvd, St.Paul, MN) 

N-Desmethyl imatinib (TLC Pharmachem, Inc. Aurora, Ontario, Canada) 

Imatinib (pyridine) N-oxide(Toronto Research Chemicals Inc. North York, ON, Canada) 

4-{(4-Methyl-1-piperazinyl)methyl}-benzoic acid dihydrochloride (MPMB) and 2-(5- 

amino-2-methylanilino)-4-(3-pyridyl) pyrimidine (AMPP) (Tokyo Chemical Industry 

Co. Ltd. Tokyo, Japan) 

Histofine® Simple Stain Mouse MAX-PO (Nichirei BioScience Inc. Co. Ltd. Tokyo, 

Japan) 

3,3,5,5-Tetramethylbenzidine (Boehringer Ingelheim Pharma GmbH. Binger, Ingelheim 

am Rhein , Germany) 

EAH sepharose 4B gel (GE Healthcare. Bjorkgatan ,Uppsala, Sweden) 

 

3-1-2. MPMB AMPP  

MPMB Saita [57] Fig. 

1 MPMB-IgG AMPP

2 Fig. 2 AMPP

AMPP  
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Fig. 1 Chemical structure of the two immumogens for imatinib 
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3-1-3. MPMB-IgG affinity  

MPMB (10 mg, 32.5 μmol) 95% dioxane 1 ml EDC (14 mg , 72 

μmol) NHS (8 mg, 70 μmol) 2 0.1 

M PB (pH 7.0) 4 mL EHA sephalose 4B gel 2 mL 1

gel MPMB affinity column

MPMB 5 mg/mL affinity column Column

0.1 M glycine (pH 2.7) 3 ml column 1 M Tris (pH 9.0) 300 μL

MPMB  

 

3-1-4. Imatinib 2 competitive ELISA 

ELISA

Saita [57, 58]  

 

3-1-5. Imatinib sandwich ELISA 

Sandwich ELISA Fig. 2

Microtiter plate well 10 mM Tris buffer (pH 8.5) MPMB  

(2 μg/mL) 100 μL 37 1

100 μL 1% skim milk 37 30 blocking Well 100 

μL imatinib 37 90 10000

AMPP 37 90 1000

simple stain 37 60

3% dimethyl sulfoxide (DMSO) 0.01% hydrogen peroxide 0.05 

M acetate citric acid buffer (pH 5.5) 0.42 mM TMB well 100 μL
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37 30 2 M sulfuric acid 100 μL

ELISA analyzer 450 nm
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Fig. 2. Principle of sandwich ELISA for imatinib 
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3-1-6.  

Wistar 180 200 g methyl cellulose (0.5%, 

w/v water) imatini 6 mg 20 mg/mL

nilotinib 30 mg 60 mg/kg 0.5, 1, 

2, 3, 4, 6, 8 12 ELISA

 

 

3-1-7. HPLC  

Imatinib HPLC Miura [59]  
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3-2.  

 

3-2-1. MPMB AMPP  

Fig. 3

imatinib 0.008 25 ng/mL 0.04 5 ng/mL

50%

CFBA % MPMB

MPMB 100.0 pyridine-N-oxide-imatinib 100

N-desmethyl imatinib 1.2 AMPP 1-methylpiperazine

4-(3-pyridinyl)-2-pyrimidine amine

AMPP AMPP 100.0 pyridine-N-oxide-imatinib

4.3 N-desmethyl imatinib 100 MPMB 1-

methylpiperazine 4-(3-pyridinyl)-2-pyrimidine amine

Table. 1  
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Fig. 3 Standard curves of imatinib in human serum using anti-MPMB antibody and 
anti-AMPP antibody, as determined by competitive ELISA 

The curve shows the amount (%) of bound enzyme activity for various doses of 
imatinib (B) as a ratio of that bound using enzyme-labeled drug alone (B0). Each point 
represents the mean ± S.D. (n = 3). 
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Table. 1 Percent cross-reactivity of metabolites and analogs measured by two 
competitive ELISAs and sandwich ELISA 
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3-2-2. Imatinib sandwich ELISA 

Fig. 4

imatinib 0.00256 40 ng/mL 0.064 8 ng/mL

5 4.8 5.8

3.1 7.3 Table. 

2  
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Fig. 4 Standard curve of the developed sandwich ELISA for imatinib in human serum 
Each point represents means ± S.D of the optical density (OD) of imatinib 

concentration. (n = 3). 

Imatinib (ng/mL) 
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Table 2 Precision and recovery of sandwich ELISA for imatinib in human serum 
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3-2-3. Sandwich ELISA  

Sandwich ELISA 2

Weiler [60] Sandwich ELISA

imatinib N-desmethyl imatinib pyridine-N-oxide-imatinib

MPMB AMPP 1-methylpiperazine 4-(3-pyridinyl)-2- pyrimidine amine

Table. 1  

 

3-2-4. Sandwich ELISA HPLC  

23 ELISA HPLC imatinib

(0.88-20.39 μg/mL) Fig. 5 Y(HPLC) = 

0.983X (ELISA) + 0.0812,  r = 0.948 n = 23
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Fig. 5 Correlation between imatinib concentrations in rat serum determined by 
the sandwich ELISA and HPLC methods 
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Imatinib 2 (MPMB

AMPP) imatinib 2 imatinib

[57, 58] 2 MPMB AMPP imatinib

MPMB MPMB 4-{(4-methyl-1-piperazinyl) methyl}

AMPP AMPP

pyridyl methylaniline

2

5Å [61] Fig. 6

MPMB AMPP

2 5Å

2 imatinib

 

imatinib

[62] sandwich ELISA 2

imatinib

sandwich ELISA imatinib N-desmethyl imatinib

pyridine-N-oxide-imatinib Table. 1 imatinib

2 imatinib imatinib

sandwich ELISA

imatinib competitive ELISA [57]
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sandwich ELISA imatinib HPLC

2

sandwich ELISA imatinib TDM

 

sandwich ELISA 64 pg/mL imatinib

Fig. 4, Table. 1 CML

imatinib 1002 

ng/mL [2] ELISA imatinib TDM

 

ELISA

imatinib TDM

imatinib

sandwich ELISA
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Fig. 6 The predicted target areas of the anti-MPMB and anti-AMPP antibodies. 
The distance between the two epitopes was approximately 5 Å. 
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2 Alogliptin
 

 
 

autoradiography

autoradiography

chemotherapy

alogliptin (AG) 
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4-1.  
 
4-1-1.  

1)  

Alogliptin (Takeda Pharmaceutical Co. Ltd., Osaka, Japan) 

N-(γ-Maleimido-butyryloxy) succinimide (GMBS; Dojindo 

Laboratories, Kumamoto, Japan) 

Modified lowery protein assay kit (Thermo Fisher Scientific, Waltham, 

MA, USA) 

 

2)  

Freund’s complete adjuvant (Difco Laboratories, Detroit, MI, USA) 

Freund’s incomplete adjuvant (Difco Laboratories, Detroit, MI, USA) 

Mouse monoclonal sub-isotyping kit (American Qualex Manufactures, 

San Clemente, CA, USA) 

Goat anti-mouse IgG labeled with horseradish peroxidase (HRP) 

(Cappel, West Chester, PA, USA) 

3,3’,5,5’-Tetramethylbenzidine (TMB) (F. Hoffmann-La Roche Ltd., 

Basel, Switzerland) 

 

3)  

Sodium pentobarbital (Abbott Laboratories, North Chicago, IL, USA) 

Heparin sodium (AY Pharmaceuticals Co., Ltd. Tokyo, Japan) 

Hydrogen peroxide (Nacalai Tesque, Kyoto, Japan) 

Protease (Type XXIV: Bacterial; Sigma-Aldrich Co. Inc., St. Louis, MO, 
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USA) 

Sodium borohydride (NaBH4) (Sigma-Aldrich Co. Inc., St. Louis, MO, 

USA) 

Simple Stain Rat MAX-PO(M) (Nichirei Bioscience Inc., Tokyo, Japan) 

3,3’-Diaminobenzidine, tetrahydrochloride (DAB) (Dojindo 

Laboratories, Kumamoto, Japan) 

Mouse IgG immunoassay kit (PerkinElmer Inc., Waltham, MA, USA) 

 

4-1-2. Alogliptin  

Fujiwara daunomycin

N-(γ-maleimido-butyryloxy) succinimide (GMBS)

[63, 64] AG (2 mg, 5.9 μmol) 0.1 M phosphate buffer (PB) 

(pH 7.0) 2 mL GMBS (1.6 mg, 5.7 μmol) Tetrahydrofuran 0.5 mL

1 GMBS- AG

2,000 rpm 10

acetylmercaptosuccinyl-bovine serum albumin (AMS-BSA) 

AMS-BSA (15 mg , 0.1 μmol) 0.1 M PB (pH 7.0) 200 μL

0.5 M hydroxylamine (pH 7.4) 50 μL 10

 mercaptocuccinyl BSA (MS.BSA) 0.1 M PB (pH 7.0) 1 mL

GMBS-  AG

1 10 mM PB (pH7.0) 

Sephadex G-75column 3 mL

Modified Lowery Protein Assay Kit
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4-1-3. AG  

BALB/c Freund’s complete adjuvant AG-

GMBS-BSA 100 μg 2 Freund’s 

incomplete adjuvant 50 μg 2 3

ELISA 4-1-4

4 4

2X10 8

NS-1; 3X10 7 [64]

96 hypoxanthine aminopterin thymidine

105 /well 10

20 ELISA 4-1-4

2

3 Limiting dilution Mouse 

Monoclonal Sub-Isotyping Kit  

 

4-1-4. ELISA  (Dilution ELISA) 

Fujiwara [64] Microtiter plate well AG-GMBS-

BSA 10 μg/mL 100 μL BSA 10 μg/mL 100 μL 37

60 1% skim milk 30 blocking

AG 0.1% BSA 0.1% 

Tween-20 phosphate buffer saline (PBS) 5 well

100 μl 37 90 1 2 1000
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HRP labeled goat anti-mouse IgG 100μL 37 60

TMB ELISA analyzer 450 

nm  

 

4-1-5. Inhibition ELISA 

Fujiwara [64] well AG-GMBS-BSA skim 

milk blocking 50 AG AAG-

78 mAb 50 μL AG-GMBS-BSA Vancomycin (VCM)-GMBS-BSA

Amoxicillin (AMPC)-glutaraldehyde (GA)-BSA 50 μL 37 90

1000 HRP labeled goat anti-mouse IgG 

100μL 37 60  

 

4-1-6. Binding ELISA 

  AG GA

 Fujiwara [65] Poly-L-Lysine (30 

μg/ mL) well 2.5 GA 1  

1 1  sodium 

borohydride well 1  skim milk 1

blocking 100 AAG-78 100 μL 4

2000 HRP labeled goat anti-mouse IgG 100μL

37 60  

 

4-1-7.  

Wistar 200~250 g
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Kyudo Exp. Animals; Kumamoto, Japan

3 5 mg/kg

AG 1 60 

mg/kg, b.w. 50 mL/min 2 2 GA

6

4  

 

4-1-8.  

Fujiwara [65, 66]

5 μm

1 6  hydrogen peroxide 30

2) 2N hydrochloride 30 3 0.03 mg/mL protease 30

(15 2 ) 4 5 mg/mL sodium borohydride 10

[67, 68] 10 1.0  BSA 0.1

TBS 1 blocking 20

AAG-78 mAb 4 Simple Stain Rat MAX-PO

M 2 TBS 0.5 mg/ml 

diaminobenzidine 0.012% hydrogen peroxide

 

2

0.5 μg/ mL

normal mouse IgG 30 μg/mL

AG-GMBS-BSA  
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4-2.  

 

4-2-1. AG  

150 ELISA

2  (No. 73, 78) AG-GMBS-BSA

BSA

AAG-73 AAG-78 Mouse Monoab-ID Kit

IgG1 AAG-78

 

 

Dilution ELISA 

Microtiter plate well AG-GMBS-BSA BSA 10 μg/mL

AG AAG-78

AAG-78 500 AG

BSA 

Fig. 1 IgG1 polyamine (spermine

spermidine) ASPM-29 AG-GMBS-BSA
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Fig. 1 ELISA measurements of the binding of serially diluted anti-AG 
monoclonal antibody (AAG-78) to the solid phase coated with AG-GMBS-BSA 
(closed circles) or BSA (open circles) 
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Inhibition ELISA 

AG-GMBS-BSA VCM-GMBS-BSA

AMPC-GA-BSA well AG-

GMBS-BSA

inhibition ELISA  

AAG-78 mAb 100%

AG-GMBS-BSA 

0.1 nM 100 nM

50% IC50 0.4 nM Fig. 3

VCM-GMBS-BSA AMPC-GA-BSA 1 μM

Fig. 2  
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Fig. 2 ELISA measurements showing competition between conjugated AG, VCM 
and AMPC coated to the solid phase for binding to the anti-AG mAb 

The curves show the amount (percentage) of bound enzyme activity (B) for 
various doses of AG-GMBS-BSA (closed circles), VCM-GMBS-BSA (open 
circles), or AMPC-GA-BSA (closed rhombuses) as a ratio of that bound using the 
HRP-labeled second antibody alone (B0). The concentrations of these conjugates 
were calculated assuming that the molecular weight of each conjugate was 66 kDa, 
which is that of BSA, because the molecular weight of each drug is smaller than 
BSA. 
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Binding ELISA 

well poly-L-lysine GA

binding ELISA Fig. 3

AAG-78 mAb

AG 0.3 μM 10 μM

Sitagliptin (SG) VCM AMPC Fig. 3  
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Fig. 3 Reactivity of AAG-78mAb determined from its immunoreactivity in the 
binding ELISA 

Activated wells prepared for the binding ELISA were incubated with various 
concentrations of AG (closed circles), SG (closed squares), VCM (closed 
triangles) or AMPC (closed rhombuses). The wells were treated with NaBH4 and 
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4-2-2. AG  

 

GA

[66] 1

1  

 

 

Fig. 4b  

Fig. 4b, c  

Fig. 4a, b

Fig. 4b  AG

Fig. 4h  

 

 

Fig. 4d  

Fig. 4c, e  

Fig. 4d  AG Fig. 4i
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Fig. 4j-m   

 

 

Fig. 4d  

Fig. 4c, e, g  

Fig. 4n  

 

 

1 AAG-78 mAb normal mouse IgG

Fig. 4o  AG-GMBS-

BSA 30 μg/ mL

Fig. 4p  
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  Fig. 4 Rat small intestine stained by immunohistochemistry for AG using anti-AG 

mAb (AAG-78). aa, b, c, h: duodenum, dd, e, i-m: jejunum, ff, g, n-p: ileum. aa, k, m: HE 
staining. aa, b Vi: villi, G: intestinal gland, MM: muscularis mucosae, ML: muscle 
layer, *: lamina propria around the intestinal glands. cc, e, g The high magnification 
images of the box area of b, d, f. hh, i Basal-granulated cells among glandular 
epithelial cells (arrows). jj, k Meissner’s plexus (open arrow head). ll, m Auerbach’s 
plexus (open arrow head). nn The high magnification images of intestinal gland. The 
luminal contents showed positive (closed arrow head). oo The conventional control. 
p The absorption control. 
Bars: aa, b, d, f, o, p = 100 μm;  c, e, g, h-n == 20 μm 
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4-4  

DPP-4 CD26

[69, 70, 71]

DPP-4 [71, 72] DPP-4

2

DPP-4

2

2

DPP-4

[73, 74]  

Nesina  2

2010 4 [75] AG

15 DPP-4 [76, 77] AG

CYP2D6 CYP3A4 M-I N-

AG 2% M-II N-

6% [77, 78, 79]

60 71 [77]  

AG mAb

AG IHC

AAG-78 mAb ELISA inhibition ELISA

AG-GMBS-BSA VCM-GMBS-

BSA AMPC-GA-BSA binding 



 

100 

ELISA mAb AG-GA-Lysine SG, VCM

AMPC-GA-Lysine AAG-78 

mAb AG GA AG IHC

 

AG

AG

DPP-4

[80, 81]

AG DPP-4

AG DPP-4

AG

 

AG
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[82, 83]

AG

AG

 

AG-GMBS-BSA AG mAb

AG mAb

AG

AG DPP-

4 AG

DPP-4
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5  

 

5 2

 

2 4 competitive ELISA

-

“ ”

competitive ELISA  

1 lapatinib competitive ELISA
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ELISA lapatinib 40 ng/mL

lapatinib 1000 3000 ng/mL

lapatinib

lapatinib M1 O-

ELISA lapatinib TDM

 

2 nilotinib competitive ELISA

ELISA nilotinib 8 1000 ng/mL

nilotinib  ng/mL

nilotinib

Nilotinib

[39] nilotinib

ELISA 

nilotinib TDM  

3 erlotinib competitive ELISA

ELISA erlotinib 40 ng/mL

Erlotinib ng/mL

erlotinib  

erlotinib erlotinib O-

erlotinib 8.9 O- erlotinib

erlotinib 10 [41]

ELISA erlotinib TDM
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4 sorafenib ELISA

ELISA sorafenib 40 5000 ng/mL

sorafenib sorafenib

sorafenib-N-oxide

ELISA sorafenib TDM

 

TDM

competitive ELISA

ELISA

 

 

3 imatinib sandwich ELISA

1

1 competitive ELISA

imatinib 2

MPMB AMPP imatinib

2

sandwich ELISA  

Imatinib 64 pg 8 ng/mL
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sandwich ELISA 2 imatinib

N-desmethyl imatinib

imatinib TDM

 

1,000 2

sandwich ELISA

imatinib

sandwich ELISA

 

 

4 2 alogliptin

AAG-78 mAb inhibition binding ELISA AG

AG

AG

DPP-4

AG

AG
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AG mAb AG

mAb AG
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