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Synthesis of Cephalosporines

1975-1998, 
The innovative drug discovery of cepharosporines

Heterocycle

Ceftizoxime
1981
IV

Cefixime 1987
Cefdinir 1993
PO

Cefoselis
1998
Staph(R)

Criteria（１)
Efficacy MIC

E.Coli<1γ
Kl.pneum<1γ

Ps.aeruginos<3.13γ

Staph(S)＜１γ

Staph(R)<3.13 γ

Tozuka Z.,Takasugi H., and Takaya T
J. Antibiotics 35: 585-588 (1982)
J. Antibiotics 36: 36-41 (1983)
Tozuka Z, Takasugi H, Chiba T, and Takaya T, US Patent 4,263,291, 1981 (April 3, 1979)
GB 78-26806（19780413), Jpn.Kokai Tokkyo Koho (JP-77-110970), Brit.UK.Patent(GB 78-
26806)GB 76-42057( 19761008), FR 84-16694 (19841031), EP 86-101938 (19860215)

Phenyl
Derivatives
1972-1976

Heterocycle
Derivatives
1975-1998

Ps.aeruginos<3.13γ

Criteria（2)

Solubility

PO AbsorptionToxicity

Staph(R)<3.13 γ

Stability



1975-1998, The innovative PK/PD study of cepharosporines

PK Parameters were analyzed using

Z.Tozuka,
Pharmacodynamics of Antimicrobial Agents., Ecomed, 65-67, 69-91, 93-98, 107-108 (1993)

PK Parameters were analyzed using
Dr.Metzler’s NONLIN program.

iv dosing of 29 cephazolins
Iv infusion dosing of 26 cephazolins
Im,po dosing of 38 cephazolins

Z. Tozuka and T. Murakawa,
Antimicrobial Pharmacodynamics in Theory and Clinical Practice, Informa, 129-146 (2007)
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1983-1984, 
The Innovative Structural Analysis of Cefixime Metabolites
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Metabolism of Cefixime
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1992-1995, Hot ADME Study of １４C-Ceｆoselis

Tozuka Z.et al.FK037 の体内動態、薬物動態, 10(1）、(1995) 
(第1報) : 単回投与薬物動態, 10(1） P119-128, (1995) 、（第2報)反復投与 P129-141, （第3報) : 胎児移行および乳汁移行,P142-153, (1995)
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The First DNA Synthesis on Solid Phase in the world 

1980  Paradigm Shift of Drug Discovery by Genetic Engineering
C-DNA Synthesis Project of Human Growth Hormone

Ikehara M, Otsuka E, Matsubara K, Fujino M, Marumoto K, 
Shin M, Tozuka Z. Nucleic Acids Research 11,192 (1982)

Structure Determination of Somazone（rh-IGF I） Metabolites in rat kidney lysosomes by LC-MS

1981-1999 The Research & Developmen of Somazone（rh-IGF I）
By LC-MS
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• Metabolism and degradation products of recombinant human insulin-like growth factor-I in lysosomes of rat kidney.
Tanaka Y, Tamoto H, Tozuka Z, Sato A, Kimura T、Xenobiotica, 29 (3) 281-295 (1999)
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Qualitative LC-MS/MS Analysis of Tacrolims Metabolites 
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M1 M3M2 M4

M5 M6 M7 M8

a-c-H2O    630 653.4
(630+Na)

a-d(183)    620
a-d-H2O    602 625.2

(602+Na)
e-f(210)    593 593.5 594 616.1

(593+Na)
a-d-2H2O   584 607.5

(584+Na)
e-f-H2O    575 576.3 576.1 576.5

548.1
505.3

e-b(337)    466 487.2
e-c(365)    438
e-c-H2O    420 443.3

(420+Na)
e-d(393)    410 409.3,

410.3
409

e-d-H2O    392 415.3
(392+Na)
387.4

e-d-CO     381 381.3
f-g(565)     238 238.9 238.2 261.2

(238+Na)
Iwasaki, K., Shiraga, T., Nagase, K., Tozuka, Z., Noda, K., Sakuma, S., Fujitsu, T., Shimatani, K., Sato, 
A. and Fujioka, M.: Drug Metabol. Disposi. 21:971-977 (1993). 

Metabolites of Tacrolims



Quantitative LC-MS/MS Analysis of Tacrolims in Human Blood  
Z. Tozuka* 1, K. Iwasaki1 , M. Kobayashi1 , A. Suzuki1 , K. Noda1 , K. T. McManus 2 and D.A.Gerteiz2

1:Product Development Lab., Fujisawa Pharmaceutical Co.,LTD.
1-6 , 2-chome, Kashima, Yodogawa-ku, Osaka 532, Japan
2:TEXms Analytical Service, Houston, Texas 77060 U.S.A.

FK506, a maclolide antibiotics obtained from Streptomyces
tsukubaensis, has strong immunosuppresive activity and is useful in
organ transplantation. The specific high sensitive assay of FK506 by
electrospray ionization (ESI ) LC/MS was developed.

EXPERIMENTAL
1) Pretreatment
Whole blood aliquot spiked FK506 and I.S. was 
extracted by ether.  The extract was reconstituted
in 50% methanol. The flow chart for the sample 
treatment procedure is shown.

2) Equipment
ESI LC MS system : LC system  (Kontron data 
system,  Pump 420, Auto-sampler 465),  LC
Column: LC Packing  Accurate  (μ-capillary 
Column C-18, 3 μ m, 0.32x150mm), Separator
(switching the mobile phase to elute the 
biological dirty  fraction out of LC MS system),
and Finnigan Mat TSQ 700 ESI LC MS 
instrument) 

1) Mass chromatography and Specifisity
Mass chromatogram showed no 
interfere peak. 
2) Standard curve 
The relationship between the peak 
area ratio of FK506/I.S. and the 
concentration of FK506 in human 
blood was linear in the range from 
25 pg/mL and 75 ng/mL. The limit 
of detection on culumn was 3.33 
pg/mL. The limit of quantification 
for the blood assay was 25 pg/mL.

INTRODUCTION RESULT and DISCUSSION

instrument) 
2.1 ) HPLC mobile phase and 
sheath liquid
Some combination mobile phase system
(organic solvent s with 5% acetic 
ammonium) were checked  noise signal 
by ESI LC/MS). The high noise signals
(HNS) were observed at m/z 50-900 in the 
high boiling point (b.p.) organic solvents.
The low noise signal s (LNS) were observed at 
m/z 300-500 in the low b.p. organic 
solvents. The no noise signal (NNS) was
Observed  in acetonitrile with 5% acetic 
ammonium  (<75%)  or acetonitrile with 
5% formic acid (<75%). The average scan
of HNS and LNS mobile phase showed 
some impurity peaks.  To avoide the 
Precipitation of acetic ammonium salt,  
the mobile phase with aqueous acetonitrile
and sheath liquid with 10mM acetic 
ammonium /isopropanol (70%) were 
Adopted. The flow rate of mobile phase
Was controlled at 3-4 μ L/min by 
Accurate to obtain optical stability  and
high sensitivity  of the assay. The flow 
rate of mobile phase was same value  to
select optical column. The flow  rate of  
sheath liquid  was optimized at 1 μ L/min.  

2.2 ) Needle distance 
The sheath tube (middle) shoud projected about 2 mm from needle tube  (outer).
The end of a sample  tube (center) projected 0.5mm from  a sheath tube  (project position)
Or was pulled in the sheath tuve (pulled in position). 
The mixed vapor spray straightly from the sample tube of the glass capillary to the heated
capillary (Needle distance 2.3cm) at project position and the peak signals were detected
easily. At pulled in position (Needle distance 1.3 cm), the mobile phase was mixed with the
sheath liquid enoughly and the mixed vapor was sprayed gently foggy to stbilize the
ionization.
2.3 ) Ionization high voltage

The voltage was increased slowly until the intensity of the peak reached a maximum value
and was stable (-3.55 kv at project position and -3.75 kv at pulled in position ). At the
optical voltage setting, the ion current was stable. A stable ion current was usually
acheaved between 5x 10-8 A and 3 x 10-7 A .
2.4 ) Drying gas and sheath gas
The nitrogen gas (99.999%) was used as drying gas and sheath gas. The impure gave the
noise. The bubble with nitrogen gas (99.999%) in the sheath liquid and mobile phase
decreased the noise peaks. The drying gas was settled at 200 ℃, but the gas temperature
was checked at 70 ℃ by a thermometer. The pressure of the sheath gas was optimized at
11 psi (project position) or 25-29 psi (pulled in position).
2.4 ) Ion affinity of FK506
FK506 has good affinity with K>Na>NH4>H ions to give the aduct ion peaks, but the high
purified water for vascular injection and the siliconized glass tubes were used for assay.

.

3)Accuracy and precision
The accuracy and precision of the intra assay and 
the inter assay on 5 days were good.
Table 2 Intra-precision and accuracy of FK506 assay in human blood

Table 3 Inter-precision and accuracy of FK506 assay in blood on 5 days

4)Stability and sensitivity of ESI LC/MS
The novel quantification needed to establish stability and sensitivity of ESI LC/MS that was 
investigated by controlling HPLC mobile phase, sheath liquid, needle distance, ionozation
voltage, drying gas and sheath gas.  

Proceedings of the Kyoto’s 92, P430
International Conference on Biological Mass Spectrometry
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2003, The Innovative Qualitative LC-MS/MS Analysis of Isodack (FK228)
composition analysis by FT ICR MS
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2004-2007, Challenges to Microdose Clinical Study, Metabolome, 
Proteome  and Biomarkers by High Resolution and Accuracy LTQ FT ICR MS 

Z.Tozuka, S.Shioyama, N.Yamane, R.Goto, T.Takami, Y.Yamashita, K.Fujii, N.Inoue and K.Momiyama
JCL Bioassay Corporation

4) Challenge to determine the 12 biomarkers
of breast cancer by shot gun analysis in
combination with their antibody analysis
using breast cancer tissues (international
patent) and various target proteome analysis
by FT ICR MS.

1) Challenge to observe
PK linearity in the First
MD/TD Clinical Study of
Fexophenadine by
LC-API5000 MS
1) Challenge to observe the same metabolic patern
in the 2nd MD/TD Clinical Study of Nicardipine by
LTQ FT ICR MS.

Tissue Stain with Specific Antibody 

UPLC      -API5000

LTQ FT ICR MS 

3) Challenge to observe Human Plasma
and Urine Metabolome by LTQ FT ICR MS.
Number of metabolites observed in each 
subjectsby negative and positive ionization 
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5) Identification of Cytochrome P450 3A4 
Modification Site with Reactive Metabolite 
Using Linear Ion Trap-Fourier Transform 
Mass Spectrometry, Yukinaga H., Takami
T., Shioyama S.,Tozuka Z., Masumoto H., 
Okazaki O., Sudo K.,Chem.Res.Toxicol., 20 
(10), 1373-1378 (2007).
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1) Calculation of response factor 
m3 =I3/R3 = 6000000 / 3000= 2000(count/dpm)
2) Convertion using responsfactor
M3 (dpm) = I3/ m3

= 200/ 2000 = 0.1 dpm/mL

2008-2011, Innovative Strategy for MIST and Microdose Clinical Study by LC/RI/Orbitrap MS 
Z.Tozuka, S. Aoyama, K.Nozawa, K.Fujii, S.Akita, T.Shiroshita, Furukawa, T.Ohara,Y. Adachi, S. Ninomiya

ADME/TOX Research Institute, Sekisui Medical Co., Ltd. 

3 3 3
= 200/ 2000 = 0.1 dpm/mL

3) Convertion using  RI specific activity
of 14C–TB ; 100dpm/nmol=0.1dpm/pmol
4)M3 concentration =1pmol/mL
Plasma concentration time curve of Total RI, TB and TB Metabolites
after MD (1.67mg/kg) & TD (1mg/kg)  of 14C-TB by LC-RI and LC-RI -MS/ MS 
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