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1.1 Analysis of Anti-Epilepsy Drug - GC

= Explanation

= Analytical Conditions

This data introduces direct analysis of an anti-epilepsy  |nstrument [0 GC-14BPEsc
drug without derivatization. Column 0 DB-1 30mx 0.25mm i.d
df=0.25p m
® Pretreatment Col.Temp. 0 2300
lg of anti-epilepsy drug is dissolved in 10mL of .
methanol, and 1y L of this solution is injected. Inj.Temp. 0 3000
Det.Temp. 0 3000 (FID)
Carrier Gas O He 0.5mL/min
Injection O Split 10 100
H H
o ~ o o N CsHs. z o
CzHs. \f CoHs. \’ CoH: \f
Cosl: M C2H: ad o NH
o Phenobarbrtal o Primidone Phenytoin

Fig. 1.1.1 Structural formula of elements in anti-epilepsy drug

1. Phenobarbital
2. Primidone
3. Phenytoin
1
2
3
_ k
0 10 20min

Fig. 1.1.2 Chromatogram of anti-epilepsy drug



1.2 Analysis of Antispasmodic Drug - GC

= Explanation = Analytical Conditions
This data introduces direct analysis of an antispasmodic  |nstrument 00 GC-14BPFsc
drug without derivatization. Column 0 DB-130mx 0.25mm i.d.
df=0.25p m
T P;etr'eatme(r;'t et is dissolved in 10mL of Col.Temp. 0 2500
g of antispasmodic drug is dissolved in 10mL o :
methanol, and 1y L of this solution is injected. Inj. Temp. 0 3000
Det.Temp. 0 3000 (FID)
Carrier Gas 0 He 0.5mL/min
Injection 0 Split 10 100
CHs CHz
e W
% T‘HZOH 5% CHz0H
:OOCC/-/ :OOCcl‘H
CoHs |C‘5H5
Scopolamine Altropine

Fig. 1.2.1 Structural formula of scopolamine and atropine

1. Atropine
2. Scopolamine

0 10 20min

Fig. 1.2.2 Chromatogram of antispasmodic drug



General Pharmaceuticals

1.3 Analysis of Sedative Sleeping Drug and Intravenously Injected Anesthetic - GC

= Explanation

This data introduces direct analysis of a sedative sleeping
drug and intravenously injected anesthetic without
derivatization.

= Pretreatment

Sedative sleeping drug and intravenously injected
anesthetic are dissolved in methanol, and 1 L of this
solution is injected.

= Analytical Conditions

Instrument O
Column a

Col.Temp.
Inj. Temp.
Det.Temp.
Carrier Gas
Injection

O 0Ooo0ood

GC-14BPFsc

(DB-1 30mx 0.25mm i.d.)
df=0.25pu m

2100

30000

3000 (FID)

He 0.5mL/min

Split 10 100

Amobarbital

H
o M o o

CzHHs. jv CHsCH:>.

CH . ZCHCH 2CH. CHCH=CHCH-

CHz

H
N\T SH

N

Thigpental

H
o M s
CHAD CHCH >. jv
CHzCHzCH2CH-
CHs
Thiamylal

Fig. 1.3.1 Structural formula of Amobarbital, Thiopental and Thiamylal

0 10min

1. Amobarbital
2. Thiopental
3. Thiamylal

Fig. 1.3.2 Sedative sleeping drug and intravenously injected anesthetic



1.4 Analysis of Cold Medicine - GC

= Explanation

= Analytical Conditions

This data introduces direct analysis of a cold medicine  |nstrument [0 GC-14BPFEsc
without derivatization. Column 0 (DB-130mx 0.25mm i.d.)
df=0.25p m
® Pretreatment Col.Temp. 0 2500
Cold medicine is dissolved in of methanol, and 1yL of .
. L Inj. Temp. 0 3000
this solution is injected.
Det.Temp. 0 3000 (FID)
Carrier Gas O He 0.5mL/min
Injection O Split 10 100
H@NHCOCHJ
/I-/ CHs
o 0 cpts =X CHs v CHocO0H
cetaminaphen e C— cHCHz ZHCCOOH ~
e | m \ / 1 e coom LZ7HOCCOOH
OJ\ N S. L S\ CH2CO0H
CzH;@NHEOCH: OL,J
a

Phenacetin Anhyarous Caffeline

a-Chlorpheniramine Maleate

Tipepidine Citrate

Fig. 1.4.1 Structural formula of Acetaminophen, Phenacetin, Anhyd

rous Caffeine, d-Chlorpheniramine Maleate and Tipepidine Citrate

10

1. Acetaminophen

2. Phenacetin

3. Anhydrous Caffeine
4.d-Chlorpheniramine Maleate
5. Tipepidine Citrate

il

20min

Fig. 1.4.2 Chromatogram of cold medicine




General Pharmaceuticals

1.5 Analysis of Chlorpheniramine Maleate in Cold Medicine - GC

= Explanation = Analytical Conditions
This is data concerning analysis of chlorpheniramine  |nstrument [0 GC-14BPFEsc
maleate using FID and FTD to see sensitivity

. Column 0 DB-130mx 0.25mm i.d.
comparisons.
df=0.25py m
Col.Temp. 0 700 (Imin)d 80 /min(d] 2600
m Pretreatment IniT 0 3000
See Fig. 1.5.1 for details. nj. femp.
Det.Temp. [0 3000 (FID, FTD)
Carrier Gas 0 He 4mL/min
Injection O Splitlessl Sampling Timed 1minQ
L
2mL of Blood plasma .
2mL of Blood plasma O
Add 0.2mL of 10N potassium hydroxided -
Heat for 10 minutes (solution) O
After cooling add anhydrous ether 4mL0O
Shake and centrifugel
Ether layer -
O Remove residue -
Add 0.15mL of 2N potassium [J = Chicrphsniramine_Mal
hydroxide
Add 2mL of 1% KMnO4[0
Seal for 10 minutes (solution)d w0
After cooling add 3mL of isooctanel
Shake and centrifuge Fig. 1.5.2 Chromatogram of chlorpheniramine maleate in cold medicine using FID
\
Isooctane layer
0 Remove residuel : l
Add 20u L of 5% acetone in isooctane (_//”/
GLC ¢

Fig. 1.5.1 Flowchart example of pretreatment in blood

Chlorpheniramine Maleate

Fig. 1.5.3 Chromatogram of chlorpheniramine maleate in cold medicine using FTD



1.6 Headspace Analysis of Volatile Components in Pharmaceuticals and Non-Pharmaceutical Products (1) - GC

= Explanation

This data introduces analysis of two types of
antiphlogistic pain relief ointment, two types of
antiphlogistic pain relief plaster, lip cream and two types
of toothpaste using the headspace gas chromatography
method.

m Analytical Conditions

Instrument 0 GC-14BPFsc+HSS-2B
Column 0 ULBON HR-20M
25mx 0.32mm i.d. df=0.25y m
Col.Temp. 0 2000
Inj.Temp. 0 2300
Det. Temp. 0 2300 (FID)
Carrier Gas 0 He 1.2mL/min
Injection O Split 10 14

Sample Quantity O 20mg
Sample Thermostatting [ 150 (0 00 60min
Headspace Injection Volume 0 0.8mL

® Analytical Conditions

Instrument 0 GC-14BPFsc+HSS-2B

Column 0 CBP20 25mx 0.53mm i.d.
df=1.0pm

Col.Temp. 0 500 (5min)0 100 /mind 1800

Inj.Temp. 0 2200

Det. Temp. 0 2200 (FID)

Carrier Gas 0 He 5.3mL/min

Injection O Split 104

Sample Quantity [ 0.3g
Sample Thermostatting 0 80 0 O 40min
Headspace Injection Volume (1 0.8mL

® Pretreatment

The sample for analysis (pharmaceutical) is enclosed in a
vial, is warmed for a set time at a constant temperature,
and the headspace gas analyzed.

W Peaks
| de¢-Camphor
2 ¢-Menthol
3 Methyl Salicylate

| e—
0 4 8 (min)

Fig. 1.6.1 Headspace gas chromatogram of antiphlogistic pain relief ointment A

i

T 1
o] 4 8 (min)

Fig. 1.6.2 Headspace gas chromatogram of antiphlogistic pain relief ointment B



General Pharmaceuticals

1.6 Headspace Analysis of Volatile Components in Pharmaceuticals and Non-Pharmaceutical Products (2) - GC

= Analytical Conditions

Instrument 0 GC-14BPFsc+HSS-2B

Column 0 CBP20 25mx 0.33mm i.d.
df=0.5pu m

Col.Temp. 0 7000 100/min 2000

Inj. Temp. 0 2300

Det.Temp. 0 2300 (FID)

Carrier Gas 0 He 1.5mL/min

Injection 0 Split 10 17
Sample Quantity [0 2cmx 2cm
Sample Thermostatting [J 60 0 20min
Headspace Injection Volume (1 0.8mL

W Peaks
| d¢-Camphor
2 £-Menthol
3 Methyl Salicylate

R O

T 1
0 4 8 12 (min)

Hl Peaks
| d¢-Camphor
2 £-Menthol
3 Methyl Salicylate

-

0 4 8

1
12 (min)

Fig. 1.6.3 Headspace gas chromatogram of antiphlogistic pain relief plaster (normal type)

Fig. 1.6.4 Headspace gas chromatogram of antiphlogistic pain relief plaster (odorless type)



1.6 Headspace Analysis of Volatile Components in Pharmaceuticals and Non-Pharmaceutical Products (3) - GC

= Analytical Conditions = Analytical Conditions
Instrument 0 GC-14BPFsc+HSS-2B Instrument 0 GC-14BPFsc+HSS-2B
Column 0 ULBON HR-20M Column 0 CBP1 12mx 0.53mm i.d.
25mx 0.32mm i.d. df=0.25py m df=1.0pm
Col.Temp. 0 2000 Col.Temp. 0 6000 100 /min0 2000
Inj. Temp. 0 2300 Inj. Temp. 0 2000
Det.Temp. 0 2300 (FID) Det.Temp. 0 2000 (FID)
Carrier Gas 0 He 1.2mL/min Carrier Gas 0 He 15mL/min
Injection O Split 10 14 Injection O Direct
Sample Quantity [ 20mg Sample Quantity O 0.5g
Sample Thermostatting 0 1500 O 60min Sample Thermostatting & 800 [ 30min
Headspace Injection Volume (0 0.8mL Headspace Injection Volume (I 0.4mL
W Peaks . " ! | Peak
| d¢-Camphor £-Menthol
2 £-Menthol
12
[ T 1 . J u
0 4 8(min) 0 2 4 6 8 10 (min)
Fig. 1.6.5 Headspace gas chromatogram of lip cream Fig. 1.6.6 Headspace gas chromatogram of toothpaste A
1 W Peak
| £-Menthol
|
] l. I
(I) é 4’1 f’S é 1‘0 |12 (min)

Fig. 1.6.7 Headspace gas chromatogram of toothpaste B 8
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1.7 Analysis of Pharmaceuticals Using Direct Sample Inlet Method, EI, Cl and Mass Spectrometry (1) - GCMS

m Explanation

Composite samples are difficult to analyze with MS using
direct inlet (DI) because GC separation is not used, but
direct inlet MS is effective in analysis of compounds
easily heat decomposed or compounds with high boiling
points. If the compound has been purified in advance, the
structure can be confirmed quickly without having to
make a derivative of it.

The structure and molecular weight of such a compound
can be confirmed using a combination of electron-impact
ionization (EI) and chemical ionization (CI) methods.
Maleic acid ergometrine is maleate of ergometrine. As
shown in Fig. 1.7.7 to 1.7.9 and Fig. 1.7.10 to 1.7.12, the
salt is decomposed by heating, ergometrine and maleic
acid appear, and can be separated for observation using
the differences in boiling points after decomposition.

m Analytical Conditions
Instrument 0 GCMS-QP5050A (with CI/DI)
— MS—
Interface Temp. 02500
lonization Method [ EI/CI (reaction gas: isobutane)
Scan Range Om/z 35-700(El)
m/z 100-700(ClI)
0 2sec
(J Room temperature - 100 /min-3500 (10 min)
(sample 1, 2, 3)
Room temperature - 200 /min-3500 (10 min)
(sample 3 and 4)

Scan Interval
DI Temp.

Chart 1.7.1 Sample List

No. Pharmaceuticals Molecular Weight Application

1 Japangse Pharmacopoeia standard product | Prednisolonel 360 | Adrenocorticotropic hormone action for full and local usell
2 Japangse Pharmacopoeia standard product | Reserpine 608 | Antipsychotic agents, antihypertensives, sympathetic neuron blockersC|
3 Japangse Pharmacopoeia standard product | Maleic acid ergometrinel]] 441 | Uterotonics, hemostatic drugsl]

4 Commercially available | Indomethacin externally applied medicne | 357 | Antipyretic painkiller, antiphlogistic drugs

86499397 ]
’/\L I 08.00 ¢ 5.00
8 10 12 14 IR I I I R TR M

Fig. 1.7.1 Total ion chromatogram of prednisolone

Fig. 1.7.4 Total ion chromatogram of reserpine

608
195
381
214 251
ey 152 l Ps 35 583
st e e Tl il
100 200 300 400 500 600 700

Fig. 1.7.2 EI mass spectrum of prednisolone

Fig. 1.7.5 EI mass spectrum of reserpine

il

100 150 200 250 300 350 400 450 500

C
\
RO m/z 195
o 1
o o 0
0 0oL o
[N
195 l 397
| | .
100 200 300 400 500 600 0

Fig. 1.7.3 CI mass spectrum of prednisolone

Fig. 1.7.6 CI mass spectrum of reserpine



1.7 Analysis of Pharmaceuticals Using Direct Sample Inlet Method, EI, Cl and Mass Spectrometry (2) - GCMS

T

- TI

IC

325.00 ¢ 9.00

221.00 «  8.00

el i
L} 8 10 12 " 16 18 20

TIC
+117.00
326.00 ¢ 3.00

1 2 3 4 [ [] 7 [] 9

Fig. 1.7.7 Total ion chromatogram of maleic acid ergometrine using EI

Fig. 1.7.10 Total ion chromatogram of maleic acid ergometrine using CI

Pl
181
19%
154
103 27 27

458 15 Al 250

Comd e =T e .

% 100 150 20 750 3% B ) 50

100 150 200 250 300 350 400 450 500

Fig. 1.7.8 EI mass spectrum of ergometrine

Fig. 1.7.11 CI mass spectrum of ergometrine

2% 5 | o
J 1|M .I. s 1919
40 60 8 100 120

100 120 ) 140 160 180 200

Fig. 1.7.9 EI mass spectrum of maleic acid

Fig. 1.7.12 CI mass spectrum of maleic acid

100 150 200 250 300 350 400

Fig. 1.7.13 Total ion chromatogram of indomethacin externally applied medicine

_o OH
@NI 0
o
ol

“ 357
L ) R
100 150 200 250 300 350 400 450

Fig. 1.7.14 EI mass spectrum of indomethacin

Fig. 1.7.15 CI mass spectrum of indomethacin
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1.8 Analysis of Pharmaceutical (Acetate Ester of Vitamin E) Using a Mass Spectrometer - GCMS

= Explanation

Acetate ester of vitamin E (DL-a -tocopherol acetate) is
used in prevention and treatment of vitamin E deficiency
as well as being effective for peripheral vascular
disturbance.

A commercially available cream with methylsiloxanne
base was dissolved in methanol and the contained acetate
ester of vitamin E acetate confirmed.

= Analytical Conditions

Instrument O GCMS-QP5050A

Column ODB-5 (30mx 0.25mmi.d. df0 0.1p0)
Column Temp. 01000 (2min)dJ 100 /mind 3000
— MS—

Interface Temp. (12800
lonization Method OEI

Scan Range O0m/z 35-900
Scan Interval 00.5sec

2
[ i @ﬁ
L1 TIC* 2.00
0

] 0 12 14 16 18 220 2 24 2% 28
Column: DB-5 30m x inner diameter 0.25mm, film thickness 0.1y m
Column Temp. 1000 (2 min) —°2™"_ 3000

Fig. 1.8.1 Total ion chromatogram of cream

Chart 1.8.1 Qualitative results for cream

No.[|"Weph| Chemical Formual Sit1|  OD | 0 Ch{ 0 Cal

10 | 3600 CigH260.Sizy 30| 20| 60| 2

20 | 5820 C24H460sSier; 60| 50| 120

30 | 5700 Cx7H4204Sisy 50| 40| 9O

40 | 5580 C3oH3s03Sisq 40| 30| 60

50 | 7800 CseHs606Si7y 70| 60| 120

80 | 7680 CaoHs20sSiery 60 | 50| 90

(o2 2 I 2 I I SN R SN RS I N S

90 | 7560 Ca2H4gO4Sisy 50| 40| 60

No.DMV(\))E%ﬁr]Chemical Formulall  Compound Name

00| 4720 CaiHs,040 o [1Vitamin E agoetate [
(a-tocopherol acetate)

O O] 5840| Cz4Hs4O70 0 [ Docosanoic acid triethyl citrate

11

PeakNo.: 1 Number of Peaks : 89 Retention Time : 9.142
Sean o, dse Background : 340
Baso poak | 345.00(150907671)

PeakNo.: 2 Number of Peaks : 105 Retention Time : 11225
SoanNo. ;748 Background 765
Base poak : 135.00(10551240)

mber of Peaks 148  Retention Time © 15633
0]

cakNo.: 4 Numper of
Ao, 1277 Background : 1513
Base poak : 197.00(61505601)

0(61505601)
éioéioé’ O:Si
38 TPTOTRTOm =0 —
\ O "d9
) S

L
o Lo fowtdy T 3
[

Fig. 1.8.2 Mass spectrums of peaks 1 to 4

PoakNo.: 6 Number of
ScanNo. : 1631 Background ©
Base peak : 43000(5299897)

® M
. 00 -

T
& E] L] £

Poaks : 78 Retention Time : 18.583
o

n
L} ! y o sem 3

Fig. 1.8.3 Mass spectrums of peak



1.9 Analysis of Cosmetics (1) - LC

The cosmetics we use daily contain a variety of elements,  including pretreatment of effective elements contained in
and these are strictly controlled to maintain their level of  regularly used cosmetics: two types of hair lotion,
quality. This data introduces some analysis examples  medicated treatment cream and medicated shampoo.

e Analysis of Glycyrrhizic Acid and Piroctone in Shampoo

m Explanation m Analytical Conditions
This data gives an analysis example for glycyrrhizic acid

and piroctone in commercially available shampoo. It is Instrument  : HPLCO
recommended that the flow route and syringe, etc., be For Separation(]

washed in advance with EDTA-2Na (ethylenediamine Column * L-Column ODS[J

(150mmLx 4.6mm i.d.)O

tetraacetic acid - 2-sod1urr'1) and the greatest care be taken Mobile Phase : Gradient Program A - BOJ

to prevent as best as possible the effects of metal such as A : 10mM (Sodium) Phosphate (pH2.6)00
contamination that occurs with separation in order to Containing 0.1mM EDTAI2Na O
suppress peak shape turbulence due to the metal /Acetonitrile0 4/10

B : 10mM (Sodium) Phosphate (pH2.6)C]
Containing 0.2mM EDTAI2Nall
/Acetonitriled 1730

coordination of piroctone.

= Pretreatment Flow Rate  :1.0mL/min0]
Temperature : 4000
Weigh sample 200 0 300mg Detection : UV-VIS Detector 250nmQ
! Atten 7 (change to 8 at 6min)C
Add 50m|l. of 10mM HCl ag. Containing 2mM EDTAJ 2Na/Methanol 0 1/1 Time Program #ITIMEIFUNCO | VALUED

00 3.000B.CONCI40.00

6.0000 WAVE A[B00O
10.000 B.CONCI1100.000
15.0000 B.CONCI]1100.000

Ultrasonication for 5min 1
2
! 3
Shake Vigorously 4[] 15.010 B.CONC[40.000
! 5
6
7

!
Keep at 600 for 10min
20.900 WAVE AR50

21.000 ZERO Al
22.00 |STOP

Filtration

!
Injection of 10 L

W Peaks
I .Glycyrrhizic Acid
2 .Piroctone

L

T 1

0 2 4 6 8 10 12 (min)

Fig. 1.9.1 Analysis of commercially available shampoo
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1.9 Analysis of Cosmetics (2) - LC

e Analysis of Allantoin in Treatment Cream used as Medicine

m Pretreatment m Analytical Conditions

Instrument 0O HPLC

Column 0 Asahipak NH2P-50
(250mmLx 4.6mm i.d.)

Mobile Phase 0 10mM(Sodium)Phosphate(pH2.6)/
Acetonitriled 1/4

Flowrate O 1.0mL/min

Temperatured 400

Detection [0 UV-VIS Detector 200nm

Weigh sample 2000 300mg
!

Add 50mL of Water
!

Ultrasonication for 5min
!

Keep at 600 for 10min
!

Shake Vigorously
!

Filtration
!

Injection of 10 L

W Peaks
| . Allantoin
|
] A
r T T T 1 A
0 2 4 6 8 10 (min)

Fig. 1.9.2 Analysis of Allantoin
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1.9 Analysis of Cosmetics (3) - LC

e Analysis of Hair Lotion

= Explanation

This data introduces analysis examples of two types of
hair lotion (A and B). The same care needs to be taken for
lotion A as previously explained for piroctone because it

m Pretreatment

contains hinokitiol, which causes metal coordination.
Swertiamarin in lotion B is the effective element in

senburi, a Japanese herbal plant.

m Pretreatment

Hair Lotion A was Diluted 20-fold with Methanol
/[2mM EDTAO 2Na O 7/3
l
Filtration
l
Injection of 10 L

Hair Lotion B was Diluted 5-fold with Methanol
!

Filtration
!

Injection of 10 L

m Analytical Conditions

Instrument : HPLCO

Column : L-Column ODS (150mmLx 4.6mm i.d.)0
Mobile Phase : Gradient Program A - B0
A : 10mM (Sodium) Phosphate (pH2.6)0
Containing 0.1mM EDTAJI2Nal
/Acetonitriled 6/10
B : 10mM (Sodium) Phosphate (pH2.6)0
Containing 0.2mM EDTAJ2Nal
/Acetonitriled 1/30
Flow Rate : 1.0mL/min0
Temperature : 4000
Detection : UV-VIS Detector 275nm0Q
Time Program 4 TIMED  FUNCO | VALUED

m Analytical Conditions

Instrument : HPLCO

Column : L-Column ODS (150mmLx 4.6mm i.d.)0

Mobile Phase : Gradient Program A95% - B70%[]

A : 10mM (Sodium) Phosphate (pH2.6)0

Containing 100mM 0O
NaClOa4/Acetonitrile] 10/10

B : 10mM (Sodium) Phosphate (pH2.6)0

Containing 100mM O
NaClO4/Acetonitrile] 1/10
Flow Rate : 1.OmL/minO
Temperature : 4000
Detection . UV-VIS Detector 240nm0
Time Program  #0 TIMED| FUNCO | VALUEO

0 2.000| B.CONCO | 0.00 0 4.900| B.CONCO | 5.00
1 6.000 | WAVE AL | 4000 1 5.000 | B.CONCO | 70.00
200 10.0000| B.CONCO | 100.00 2 7.000 | WAVE A | 2200
30 11.500| WAVE AO | 2600 30 14.500| WAVE AO | 3700
400 16.000| B.CONCO | 100.00 40 16.000| B.CONCO | 70.00
500 16.010| B.CONCO | 0.00 500 16.100| B.CONCO | 5.00
60] 20.800| WAVE AO | 275 6] 20.400| WAVE A | 240
700 21.000| ZERO AL 70 21.500| ZERO A
8| 2200 | STOP 8| 2200 | STOP
HMPeaks WPeaks
| | .Resorcin | .Resorcin
4 2.Takanal 2.Swertiamarin
3. Hinokitiol 3.Cepharanthine
4. B-Glycyrrhetinic Acid | 4.Takanal
2 3 4
2 3
S S VW (W}
| — T T T T 1 r T T T T T T T T
0 3 6 9 1215 18 (min) 0 2 4 6 8 0 12 14 16 (min)

Fig. 1.9.3 Analysis of hair lotion A

Fig. 1.9.4 Analysis of hair lotion B
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General Pharmaceuticals

1.10 Analysis of Hair Lotions (1) - LC

Hair lotions provide the scalp with a cooling sensation,
stimulate the scalp, are effective in stopping unpleasant
itchiness, enhance scalp blood circulation and aid the
activation of hair root cells. Also such tonics function as a

e Analysis of Hinokitiol

= Explanation

Hinokitiol is well known as an element contained in the
Japanese cypress tree (hinoki) that has a germ-killing
effect. Fig. 1.10.1 shows an analysis example of the
standard hinokitiol and Fig. 1.10.2 shows an analysis
example hinokitiol contained in hair lotion. The hair
lotion is diluted in methanol and injected for analysis.

fragrance in combination with a germ-killing effect to
protect the scalp and hair from microbes such as bacteria.
Here, this data introduces an example of analysis on
effective elements contained in a hair lotion.

m Analytical Conditions
Instrument 0O HPLC
Column [ Asahipak ODP-50) 150mmL.x 4.6mm i.d.0]
Mobile Phase 0 A1 10mM NaH:PO. Solution
O adjusted to pH2.0 with H:PO.[
BO Acetonitrile
A/BO 1/1 (v/v)

Flow Rate 100.5mL/min.
Temperatured550
Detection  OUV-VIS Detector 240nm

W Peak

1 Hinokitiol

I T T

0 5 10 (min.)

W Peak

1 Hinokitiol

]

[ T T
0 5 10

(min.)

Fig. 1.10.1 Chromatogram of standard hinokitiol

Fig. 1.10.2 Chromatogram of hair lotion A



1.10 Analysis of Hair Lotions (2) - LC

e Analysis of Resorcinol, D-Panthenol and Vitamin Bes

= Explanation

This data introduces analysis examples of resorcinol, D-
panthenol and vitamin Bs that are regarded as being
effective for germ killing and the prevention of itchiness
and hair loss. Fig. 1.10.3 shows a chromatogram of the
standard products while Fig. 1.10.4 and Fig. 1.10.5 show
chromatograms of hair lotions B and C. All samples were
diluted in methanol and injected for analysis.

= Analytical Conditions

Instrument 0O HPLC

Column [ Shim-pack CLC-ODS (150mmL.x 6.0mm i.d.)

Mobile Phase O A; 10mM Phosphate Buffer (pH2.6)
including 10mM (Sodium)
Pentane Sulfonate

B; Methanol
W Peaks A/BO 9/1 (v/v)
1 Resorcinol Flow Rate [ 1.0mL/min
2 D-Panthenol
3 Vitamin Be Temperatured 500
Detection O UV-VIS Detector 210nm
1
3
2
Ly UU L
T T T T
0 5 10 15 nin.)
Fig. 1.10.3 Chromatogram of resorcinol, D-panthenol and vitamin Bs
W Peak Ml Peaks
1 Resorcinol g \[/)i-tF;ar:it:e;:I
1 23
l A \ L A J J b
r T T T T T T
0 5 10 (min.) 0 5 10 ]S(Mm)

Fig. 1.10.4 Chromatogram of hair lotion B

Fig. 1.10.5 Chromatogram of hair lotion C
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General Pharmaceuticals

1.11 Analysis of Synthetic Antibacterial Agents - LCMS

= Explanation

Synthetic anti-bacterial drugs are widely used as feed
additives and pharmaceuticals for animals to improve
production of livestock and marine products. However, in
recent years, fears have been expressed about the shift to
livestock and marine products produced with such drugs
and the effects that such drug residues might have on
humans. Liquid chromatography is used in analysis work
on these synthetic anti-bacterial drugs. There are
numerous target compounds in such analysis, and these
need to be individually separated or separated into sample
matrixes, while, moreover, the target compounds
themselves also are difficult to identify. Consequently,
there is a need for an analysis method with superior
sensitivity that provides greater selectivity and abundant
qualitative data.

Here, a LCMS-PDA-MS system with LCMS-QP8000 a

(LabSolutions S/W) comprising a photodiode array
detector was used to analyze 11 products including
thiamphenicol (TPC), sulfadimidine (SDD),
sulfamonomethoxine (SMM), sulfadimethoxine (SDM)
and oxolinic acid (OXA) that are greatly used in the
production of synthetic anti-bacterial drugs designated as
feed additives and animal pharmaceuticals. Fig. 1.11.1
and Fig. 1.11.2 show data acquired from qualitative
information (MS and UV spectrums) using SCAN
measuring, while Fig. 1.11.3 shows the results of a
standard additive test for pig liver extract. The pig liver
extract fluid was prepared in adherence with the
"acetonitrile-hexane distribution method" laid down in

the general analysis method for synthetic anti-bacterial
drugs according to the official method (Ministry of
Health and Welfare, Veterinary Sanitation Division
Notification No. 78).

= Analytical Conditions

O Shimadzu LCMS-QP8000a
O Shim- pack VP- ODS
02.0 mml.D. X 150 mmL0O
Owater containing 0.3% acetic acid
[060% acetonitrile-water
containing 0.3% acetic acid
O 0%B] 0 minO- 70%B] 300 32 minC

Instrument
Column

Mobile phase A
Mobile phase B

Time program

Flow rate (J0.2 mL/min
Injection volume O50puL
Temperature 0400
lonization mode O ESI (+)

Neburaizing gas flow rate 4.5 L/min
Applied voltage 04.5kvV CDL tempe.O0 230 O
CDL voltage 00 30V DEFsvoltaged + 40 V
Scan range for SCAN analysis [ m/z 100 - 400 (0.8 sec/scan)
Monitor ions for SIM analysis 0 m/z 291, 265, 356, 358, 249,
251, 279, 226, 281, 361,
311, 301(0.8 sec/12 chs)

mAbs  JID#2 226nm (1.00)
_|ID#3 265nm (4.00)
_|ID#4 320nm (4.00)
-{ID#5 350nm (4.00)

200
1504

100

509

Int.  4TIC(1.00)
1291.00(1.00)
600e37265.00(1.00)
1356.00(1.00)
1358.00(1.00)
50031249.00(1.00)
1251.00(1.00)
4279.00(1.00)
400034226.00(1.00)
1281.00(1.00)
1361.00(1.00)
300031262-00(1.00)

311.00(1.00)

-1301.00(1.00)

200e3

=3

AN

10063}

Y
J\

0ea-t

25 50 75 10.0 125 18.0

175 28.0 235 250 275 38.0 min

Fig. 1.11.1 Chromatogram of synthetic anti-bacterial standard product (400ppb)
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Fig. 1.11.3 Analysis results for pig liver extract liquid standard additive (200ppb)
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I

2.1 Analysis of Low-Volatile High-Mass Compound Using DI-MS - GCMS

= Explanation

Compounds that are difficult to vaporize must be made
vaporizable with a derivation process to enable analysis
by gas chromatograph or gas chromatograph mass
spectrometer. However, slightly difficult-to-vaporize
compounds can be measured using a direct sample
introduction mass spectrometer (DI-MS). Here, even
mixtures can be separated to some extent according to
differences in boiling points.

Virginiamycin-M (Fig. 2.1.1) and virginiamycin-S (Fig.
2.1.2) are mixed into the commercially available
antibiotic virginiamycin. Mass chromatograms of
virginiamycin-M at m/z 507 (M-OH) and virginiamycin-
S at m/z 823 (M") confirm that the two elements are
mixed into the antibiotic (Fig. 2.1.3).

Fig. 2.1.4 is the mass spectrum of virginiamycin-M. The

DI temperature (probe temperature) is 181 . Fig. 2.1.5
is the mass spectrum of virginiamycin-S. And the DI
temperature (probe temperature) is 223

= Analytical Conditions

Instrument 0 GCMS-QP1000 (with DI)
—MS—

Interface Temp. 12500

lonization Method O EI

Scan Range Om/z 100-600

Scan Interval [J2sec

DI Temp. ORoom Temp. -3000 /min-25001
(10 min)

Virginiamycin-M

CHs CHs
\CH—CH—CH—CH=CH—-C—NH—CH,—CH=CH—C—CH;
e 1 n n
CHy 0 (o] CH
I
¢=0 CH—OH
| M 525
CH.
N—c—j// ~0
I N CH2 C=0
0

Virginlamycin-S

OH Ha
@ GHs A\ M823
N CONH2 (l)H, H,(‘J/ ('I}H,
CHs— C H—CH—(IJ‘—NH-—CH, —E‘)—N-—(ll,H
0 o 0 c¢=o0
O=C—CH—NH—E—CH—!;I—C—CH—N—CH;
O CH. orb Sh.

o=C—=CHs @

Fig. 2.1.1 Structure of virginiamcyin-M

Fig. 2.1.2 Structure of virginiamcyin-S

TOTAL  Rauw- E.G.
273213 a- @
Rt o 3

3

} TITé# 1.3

507

Sa
DATw 4D

Fig. 2.1.3 Mass chromatogram of virginiamycin

Fig. 2.1.5 Mass spectrum of virginiamycin-S




2.2 Analysis of Antibacterial Agents in Edible Meat - LC

Residual analysis of antibacterial agents is extremely
important from the point of view of quality control of
edible meat. These analyzes can be performed with

e Analysis of Sulfamethazine

= Explanation

Fig. 2.2.2 shows data for a 20p L injection of
sulfamethazine standard solution (200ppb). Fig. 2.2.3
shows data for commercially available pork (150ppb of
sulfamethazine added).

= Pretreatment
Pretreatment of the sample is shown in Fig. 2.2.1.

Pork meat 5g
|~ 0.4N HCIO. 10mL
Homogenize

Centrifuge, 12000r.p.m.,2min

Inject 40 u L of the supernatant

Fig. 2.2.1 Pretreatment

straightforward pretreatment. This data introduces
analysis examples of the antibacterial agent
sulfamethazine.

m Analytical Conditions

0 HPLC
0 Shim-pack CLC-ODS
(150mm L.x 6.0mm i.d.)
Mobil Phase [0 10mM Sodium Phosphate Buffer
(pH2.6)/ Acetonitrile 0 85/15
Column temp. 0 400
Flow rate 0 1.0mL/min
Detection 0 UV-VIS Detector 250nm

Instrument
Column

| . Sulfamethazine

r T T t (min)

| . Sulfamethazine

0 5 10 15 20 (min)

Fig. 2.2.2 Analysis example of sulfamethazine standard product

Fig. 2.2.3 Analysis example of pork

20
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Antibiotics

2.3 Analysis of Antibiotics and Synthetic Antibacterial Agents in Livestock and Farmed Fish (1) - LC

= Explanation

When drugs are injected into livestock and farmed fish,
the amount of internal drug residue fluctuates with the
speed of absorption and excretion. Generally speaking the
greater the amount of drug injected the greater the
internal residue will be; however, comparisons of
different drugs show that residue is determined by the
amounts absorbed and excreted, which depends on the
physical nature of the drug concerned.

The Food Sanitation Law and related regulations state
that drug residue must not be detected. However, the
residual drug detection limit that used to be in the ppm
order has moved on via ppb to the ppt order with

advancements in analysis equipment and analysis
method. Now, test methods are being proposed with even
greater detection limit sensitivity. If the analytical value
for such a test method is below the detection limit, it will
be considered that there is "no residue". The aim is for
this value to be in the order of 20 to 30ppb.
High-performance liquid chromatography is
indispensable in analysis of synthetic antibacterial agents
and antibiotics from the point of view of pretreatment
ease, and data sensitivity and reproducibility. This data
introduces residue analysis for drugs frequently used in
chickens and farmed eels.

Analytical Conartionst
Instrument : HPLCO
Column : Shim-pack CLC ODSO
(150mmL.x 6.0mm i.d.)0
Mobile Phase : 100mM NaClOs in 10mM (Sodium)Od
Phosphatd] pHO 2.60 O
/Acetonitriled 65/350
Flow rate 1 1.5mL/min0
Temp. 14000
Detection : UV-VIS Detector 220nm
—
Pretreatment
IIOg of Sample l
=—100mL of Mobile Phase
Mix 10min. 60°C
10£L injection
Bacitracin
. r . T T R
inj. 5 10 (min)

Analytical Conartions]
Instrument  : HPLCO
Column : STR-ODS(M) (150mmL.x 4.6mm i.d.)00

Mobile Phase : 10mM (Sodium) Phosphaté] pHO 2.60 O
/Acetonitriled 30/700

: 0.8mL/min0

4000

: UV-VIS Detector 340nm

Flow rate
Temp.
Detection

Pretreatment

llOg of Samplel

l+—50mL of CCL,

Mix 20min.

30mL of Upper layer

Evaporation

l*=—3mL of Mobile Phase

|Fi|tration |

10#L injection

Nicarbazin
N

15 (min)

Fig. 2.3.1 Analysis of bacitracin in chicken feed

Fig. 2.3.2 Analysis of nicarbazin in chicken meat



2.3 Analysis of Antibiotics and Synthetic Antibacterial Agents in Livestock and Farmed Fish (2) - LC

Analytical Conaltions
Instrument : HPLCO
Column : Shim-pack CLC ODS[

(150mmL.x 6.0mmi.d.)O
Mobile Phase : A.1M Imidiasole (Acetate)(
OpHO7.200
0 50mM Magnesium Acetatel]
0 1mM EDTAO

B. MethanolO
A/B05/20
Flow rate 1 1.0mL/min0O
OTC—=|  Temp. - 4000
Detection : UV-VIS Detector 380nm
Pretreatment

10g of Sample

~—100mL of Solvent A

Mix 15min

Filtration

104L injection

r T -
inj. 5 (min)

Apnalytical Conaitions]
Instrument  : HPLCO
Column : STR-ODS(M) (150mmL.x 4.6mmi.d.)0
Mobile Phase : Water/Acetonitriled 70/300
Flow rate 1 0.7mL/min0
Temp. 14000
Detection  : UV-VIS Detector 270nm Pretreatment
IlOg of Sample
[=—100mL of CCLs4
Mix 20min
Evaporation
F*—10mL of Mobile
Phase
Filtration
10#L injection
Ethopabate
T T T T "
inj. 5 10 15 (min)

Fig. 2.3.3 Analysis of oxytetracycline in eel

Fig. 2.3.4 Analysis of ethopabate in eel

Analytical Conaltions
Instrument  : HPLCO
Column : Shim-pack CLC ODS[O

(150mmL.x 6.0mm i.d.)O0
Mobile Phase : 100mM (Sodium) Citrate[]
0 pHO 3.20/Acetonitrilel] 65/35 O

Flow rate 1 1.5mL/min0O
Temp. ;4000
Detection : UV-VIS Detector 335nm
 «—Oxolinic Acid
I T T
inj. 5 10 (min)

Pretreatment

I5 g of Sample

[=—25mL of 100mM (Sodium) Citrate(pH=8)

Mix 15min

Upper layer

10mL

2mL of 2M HCLO,
2g of NaCg
8mL of Ethylacetate

5mL

Upper layer

Evaporation

le— 2501L of 100mM (Sodium) Citrate {pH=8)

Filtration

10£L injection

Fig. 2.3.5 Analysis of oxolinic acid in eel
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Antibiotics

2.4 Analysis of Pharmaceuticals for Animals (1) - LC

Many animal-orientated pharmaceuticals are used to
prevent sickness and increase the healthiness of animals.
The lower limit values for these drugs and accompanying
analysis methods were published in the official gazette
for December 1995 (Official Gazette, Volume 245,

e Analysis of Flubendazole

= Explanation
Fig. 2.4.1 shows the analysis result for a standard solution
of 1ppm of flubendazole. A spectrum acquired using a

Ministry of Health and Welfare, 26 Dec 1995). This data
introduces analysis examples of several animal-orientated
pharmaceuticals using analysis conditions conforming to
the official gazette.

photodiode array UV and visible spectrophotometer is
shown in Fig. 2.4.2.

mAbs

10

0 ——

5
f%
. L

10 15 20
min

Fig. 2.4.1 Chromatogram of flubendazole standard product (1ppm)

33.1

mAbs|

220 240 260 280
fiubendazole (FLUBEN.SPC)

nm-> 200
No.1

300

Fig. 2.4.2 Spectrum of flubendazole standard product



2.4 Analysis of Pharmaceuticals for Animals (2) - LC

e Analysis of Zeranol

= Explanation

Fig. 2.4.3 shows results of analysis on 10ppm of zeranol
standard solution conforming to the official gazette. Fig.
2.4.4 shows a spectrum under the same conditions.

mAbs
1. Zeranol
10
1
5 l
0 _____/\...J;.__._L] \
0 5 10 15 20
min
Fig. 2.4.3 Chromatogram of zeranol standard product
36.8 T X
PR
mAbs H
0 371 1378
: : : . : . \ . .
nm-> 200 220 240 260 280 300 320 340 360 380 400

zeranol (ZERANOL.SPC)

Fig. 2.4.4 Spectrum of zeranol standard product
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Antibiotics

2.4 Analysis of Pharmaceuticals for Animals (3) - LC

e Analysis of Oxytetracycline

= Explanation m Pretreatment
Fig. 2.4.5 shows a chromatogram where 0.5ppm of

oxytetracycline has been added to the liquid extracted 5g sampleld

from commercially available pig liver in accordance with 0.01M EDTA2Nal

the official gazette. Containing 100mL McWaine buffer solutiond

HomogenizeO

100mL hexanell

Shake vigorously (5 min)O

O

Centrifuge (3,500 rpm at room Temp. for 10 min)O

O

Riffle lower layer(

O

FiltrationO

O

50mL filtrateO

O

Sep-Pak Plus PS20

Wash with 30mL distilled water[

Solve out with 10mL methanol

Concentrated drying and hardening (35 to 40°)0
‘ 2.5mL phosphate buffer solution

HPLC

mV

1. Oxytetracycline

min

Fig. 2.4.5 Commercially available pig liver extract liquid (with 0.5ppm oxytetracycline added)



2.4 Analysis of Pharmaceuticals for Animals (4) - LC

e Analysis of Closantel

= Explanation

Fig. 2.4.6 shows a chromatogram where 1.0ppm of
closantel has been added to the liquid extracted from
commercially available pig liver in accordance with the

® Pretreatment

official gazette.
Fig. 2.4.7 shows a comparison of the standard product
and extract liquid spectrums.

59 sample
70mL acetonitrile
70mL acetonitrile saturated hexaneld
Homogenize Centrifuge (2,600rpm, 5 min)C
Transfer to separating funnell
Lower layer —3-H-H-H-H+1 Upper layerd
30mL acetonitrile O
saturated hexanel]
Shake vigorously
Lower layer 0000 0O O Upper layerd
O000000Q 10ml acetonitrile
0000004 p Shake vigorously
585558 Lower layerQd
10mL n-propanolC
Vacuum concentrated drying and hardeningC
Residuel]
Dissolve in 5mL acetonitrile[
Cis cartridge
5mL acetonitrile x double flushingd
Collect total amount of acetonitrile[]
Vacuum concentrated drying and hardeningC
Residuel]
MetMethanol water (7:2)0
Dissolve in 2mL (6mL for liver and fat)O
Test solutiond
2000
HPLC

20
ch2 24bnl 1. Closantel
s !
10 ‘t |
\ 1
T N, | |
| i
. J\\N\WM \g______\

10{ch3 BGﬁvm
|
|

5

ol —J kaNQ,JLd%_ﬁ
o 10 20
min

Fig. 2.4.6 Commercially available pig extract liquid (with 1.0ppm closantel added)

Spectrum
Similarity:0.9997 Threshold:0.9992

NG L R SR NS N S
LT T i U A

TN

nm-> 220 240 260 280 300 320 340 360 380 400

~

RT:20.40(min) [B] Closantel Standard
No.2-------- RT:19.84(min) [B] Pork Extract

Fig. 2.4.7 Comparison of closantel standard product and extract liquid spectrums
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Antibiotics

2.5 Analysis of Mixed Feed (1) - LC

A variety of drugs are added to mixed feed fed to
livestock with the aim of preventing sickness and
promoting growth, etc. And the quantities of these drugs
added to mixed feed are regulated and quality controlled.
This data introduces two of these drugs: olaquindox and

= Explanation

Olaquindox is an additive used in mixed feed for piglets,
etc., and works to promote the effective use of nutritious
elements contained in feed. The example shows
olaquindox separated wusing reversed-phase
chromatography (Fig. 2.5.1). This substance has
absorption peaks in the region of 270nm and 380nm (Fig.
2.5.2), of which 270nm shows higher sensitivity, but
380nm has better selectivity. Detection was performed at
380nm in this analysis.

= Pretreatment

This shows the pretreatment for the sample. Light must
be shutout during operation because olaquindox easily
changes in light.

Mixed feed 20g

-— Methanol/Water (7/3) 50mL[O
Mixing for 30minQ]
Centrifugation

Supe‘rnatant

Neutral alumina column (5g)

\
Residue

Discard initial 3mL of eluate
Eluate

-— Filtration

I |
Filtrate Residue

|
Aliguot for HPLC

lasalocid.

m Analytical Conditions

O HPLC
O Shim-pack CLC-ODS
(150mmL.x 6.0mm i.d.)
Mobile Phase O (A) 10mM Sodium Phosphate Buffer (pH2.6)
(B) Methanol
(A)O(B)O 7 : 3 (V/V)
Guard Column [0 Shim-pack G-ODS (4) (10mmL.x 4.0mm i.d.)
Column temp.0 Room Temp.
Flowrate 0O 0.7mL/min
Detection O UV-VIS Detector 380nm

Instrument
Column

Olaquindox

(min)

Fig. 2.5.1 Analysis example for mixed feed

Fig. 2.5.2 Spectrum of standard product



2.5 Analysis of Mixed Feed (2) - LC

e Analysis of Lasalocid

= Explanation

Lasalocid is a polyether group antibiotic added to feed for
broiler chicks with the aim of preventing coccidiosis.
However, if excessive amounts of this substance are
given to hens, it can cause development disability, so feed
producers are obligated to control this.

This data shows an example of lasalocid contained in
broiler chick mixed feed that has been separated using
reversed-phase chromatography. Detection was
performed using both ultraviolet absorption and
fluorescence detectors. The fluorescence detector is more
effective for sensitivity and selectivity.

= Pretreatment

Sample pretreatment involves extraction with chloroform,
followed by adsorption in a silica gel column and elution
with methanol. However, in the case of samples
containing a lot of lasalocid, such as premix, they are
more conveniently prepared by extracting the lasalocid
with methanol, filtering it, and injecting that filtrate as it
is.

Mixed feed 10g
-— Chloroform 100mLO
Mixing for 20minQ
Filtration

Filtrate Residue

-— Chloroform to make 200mLO
Dehydrate with Anhydrous Na2SOa4

Upper layer 5mL
\

‘ Silicagel column (2.59)

Wash with Chloroform (30mL)0
Eluate with Methanol (15mL)
Eluate

Evaporate to dryness
Dissolve in Methanol (2mL)
Aliguot for HPLC

= Analytical Conditions
O HPLC
0 Shim-pack CLC-ODS
(150mmL.x 6.0mm i.d.)
Mobile Phase O Methanol/Water = 9/1(V/V)
Containing 100mM NaClO.
Guard Column [0 Shim-pack G-ODS (4) (10mmL.x 4.0mm i.d.)
Column temp. 0 400

Instrument
Column

Flow rate 0 1.0mL/min

Detection 0O UV-VIS Detector 310nm
Fluorescense Detector Ex310nm, Em425nm

References

Mixed feed containing lasalocid was provided by
Marubeni Shiryo Corporation.

T T T
(min)

—

uv

\ Lasalocid
—

RF

ol

[ T T
0 4 8 (min)

Fig. 2.5.3 Analysis example of mixed feed o8



3. Crude drugs and Natural Substances ™——

3.1 Analysis of Capsaicin in Red Pepper Tincture - GC

= Explanation = Analytical Conditions

This data introduces analysis of capsaicin in a red pepper Instrument [0 GC-14BPEsc

tincture. Column 0 DB-130mx 0.25mm i.d.
df=0.25py m

® Pretreatment

c - d red . dissolved i Col.Temp. 0 2700

apsaicin and red pepper tincture were dissolved in .

methanol, and 1y L injected. Inj.Temp. 0 3000
Det.Temp. 0 3000 (FID)
Carrier Gas O He 0.5mL/min
Injection O Split 10 100

CHs
CH2.NHLCOLZ7CH =247 CHO CHJCH< o
(5

OCH s

oH Capsalcin

Fig. 3.1.1 Structural formula of capsaicin

Capsaicin

/ICapsaicin

_ -

0 10 20min 0 10 20min

Fig. 3.1.2 Chromatogram of capsaicin standard product Fig. 3.1.3 Chromatogram of capsaicin in red pepper tincture



3.2 Analysis of Pharmaceutical (Beeswax) - GCMS

m Explanation

The beeswax in this analysis was refined from wax taken
from a beehive, and is used as a base in the production of

m Analytical Conditions

Instrument
—GC—

ointments and salves and as a cosmetic material in

creams, etc. Beeswax mostly comprises higher fatty acid

and higher alcohol ester.

Column
Column Temp.

Interface Temp.

lonization Method
Scan Range
Scan Interval

TIC* 2.00

0GCMS-QP5050A

ODBO 5(30mx 0.25mmi.d. dfJ 0.1u0)
0600 (2min)d 200 /min-2000
0100/min-3000 O 150 /min-3500

2800

OEl

Om/z 35-700
[10.5sec

a

G

) 'Hm: 5.00 aH0s 5.
— L A A=A FH
=== % 10w = 0 10
=:iH == s 48
= = = = %, 2% Fe——rF e in
a2 u 2 0 2
Fig. 3.2.2 Mass chromatogram of beeswax
Chart 3.2.1 Beeswax Qualitative Results
No. |MoecuarWeight| Chemical Formula | Compound Name | No. |MoecarWeight| Chemical Formula Compound Name
1 256 C15H3:COOH | Palmitic acid 16 | 434 | CyuHeO 1-hentriacontane
2 296 CaHa O Heneicosane 17 | 436 | CyuHeO Hentriacontane
3 284 C17H3sCOOH | Stearic acid 18 | 424 | Cx;HssCOOH Montan acid
4 310 Ca2Hasd Docosane 19 | 450 | CaHel Dotriacontane
5 324 CasHasd Tricosane 20 | 462 | CssHee 1-tritriacontane
6 338 CaqHsod Tetracosane 21 | 464 | CsHe Tritriacontane
7 352 CasHs20 Pentacosane 22 | 490 | CssHyO 1-pentatriacontane
8 340 C2:H43COOH | Behenic acid 23 | 564 | CisH3COOC,HysIPalmitic acid docosane
9 366 CaeHss Hexacosane 24 | 592 | CisH3:COOCH4IPalmitic acid tetracosane
10 | 380 Co7Hssd Heptacosane 25 | 620 | CisH3COOC,sHss[IPalmitic acid hexacosane
11 | 368 C23H47COOH | Lignoceric acid 26 | 648 | CisHaCOOCsHs;[IPalmitic acid octacosane
12 394 CagHssld Octacosane 27 676 | CisH3COOC4He [ Palmitic acid triacontane
13 | 408 CaoHeold Nonacosane 28 704 | Ci5H3COOC;;Hes[lPalmitic acid dotriacontane
14 396 C2sHs:COOH | Cerotic acid 29 732 | CisH3:COOC,4Hsol Palmitic acid tetratriacontane
15 | 422 CaoHe2ld Triacosan

30
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3.3 Analysis of Capsaicin Using NCI-GC/MS (1) - GCMS

= Explanation

Capsaicin, that gives red pepper its "hot" flavor, was
analyzed using the electron impact ionization method
(ED), the positive chemical ionization method (PCI) and
the negative chemical ionization method (NCI).

The EI method shown in Figs. 3.3.1 and 3.3.2 revealed
fragment ions. The PCI method shown in Fig. 3.3.3
revealed a proton-added quasi-molecular ion peak (m/z
306) as the base peak. And the NCI method shown in Fig.
3.3.4 revealed that higher-sensitive detection was
possible in comparison with the other ionization methods.
Figs. 3.3.5, 3.3.6, 3.3.7 and 3.3.8 show measurement
results for red pepper extract using EI, PCI and NCI
methods. The reaction gases methane and ammonia were
used for measurement with the NCI method.

= Analytical Conditions

Instrument O GCMS-QP5050A
—GC—
Column ODBO 5 (30mx 0.32mmi.d. df=0.25p0)

Column Temp. 0600 (Imin)J 100 /min0 2800 (20min)

Injector Temp. 02800

Carrier gas (0He 100kPa

Injection Method [0 Splitless(Sampling Time=2min)
— MS—

Interface Temp. 12500

lonization Method [ EI, PCI, NCI

Scan Range O0m/z 35-600(El)
m/z 70-600(PCI, NCI)

Scan Interval 00.5sec

137 194 cH
| 3

-C,H; CH=CH-CH-CH,

cr-|2’-Nl-|-cc1-c:|-|2

Scan No. : 1596 Backg&gund : 1589
Number of peaks : 61 Retention Time : 18292
Base peak : 137.10 (8549587

137

OMe
152
94 109
M.W. 305 T B O S
100 150 200 250 300 350
Fig. 3.3.1 Capsaicin structure Fig. 3.3.2 EI mass spectrum of capsaicin
Scan No. : 1587 Background : 1579 Scan No. : 1584 Background : 1575
Number of peaks : 10 gRelenuon Time : 18217 Number of peaks : 21 tention Time : 18.192
Base peak : 30625 (7082622) Base peak : 30455 (9348803)
36 3
152 170 il O] 125 40151 100 2z 26 28 324 358
100 150 200 250 30 350 100 150 200 250 300 50

Fig. 3.3.3 PCI mass spectrum of capsaicin

Fig. 3.3.4 NCI mass spectrum of capsaicin



3.3 Analysis of Capsaicin Using NCI-GC/MS (2)- GCMS

Capsaicin

21509730

A
L

TIC

137.00

6 8 10

12

14

16

18

20

305.00 * 10.00

Capsaicin

16880847

10

12

14

16

18

Fig. 3.3.5 Mass chromatogram of red pepper extract (EI method)

Fig. 3.3.6 Mass chromatogram of red pepper extract (PCI method)

A

Capsaicin

29646205

L] 8 10

12

14

16

18

¥
20

TIC

304.00 * 10.00

Capsaicin

16107824

TIC

Fig. 3.3.7 Mass chromatogram of red pepper extract
(NCI method: methane reaction gas)

Fig. 3.3.8 Mass chromatogram of red pepper extract

(NCI method: ammonia reaction gas)
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3.4 NCI-GC/MS Analysis of a Crude Drug (Red Ginseng) - GCMS

= Explanation

The items of total BHC (a , B,y , 0 -BHC) and total
DDT (DDT, DDE, DDD) have been newly added to the
purity testing method for crude drugs. Here, the GC-ECD
measuring method is used because these items are
chlorine-group agrochemicals. The negative chemical
ionization method (NCI-GC/MS) shows the same high
sensitivity and selectivity as the ECD method for
compounds with electron affinity. The NCI-GC/MS
method was used to analyze targeted agrochemicals in
crude drugs.

= Pretreatment
The following shows the pretreatment method.

Weight (59)

!
Extraction (Acetone:Water = 5:2)
!
Vacuum concentration (Acetone removal)

!

Salting out
!

Extraction (Hexane)
!
Vacuum concentration
!
Column chromatography (Magnesium silicate)
!
Vacuum concentration and constant volume (5mL)

(Conforms to the Japanese Pharmacopoeia)

= Analytical Conditions

Instrument O GCMS-QP5050A
Column (JDB-5MS8] 30mx 0.25mmi.d. df=0.25u mO

Column Temp. 0500 (2min)d 300 /minO

1800 0 80 /min0 2800 (3min)

Injector Temp. 02500

Carrier gas O He 100kPa

Injection Method [ Splitless (Sampling Time=2min)
Injection Volume [O2uL

—MS—

Interface Temp. 02600

lonization Method [ONCI CH. 3.5kgf/cm?[J

Scan Range Om/z 35-350

Scan Interval J0.5sec

Chart 3.4.1 Targeted Agrochemicals

Peak Mo | Mame | Peak Mo | Mame

1 g -HHC T Dildrin

X g -BEHC B Endrin

3 ¥ -BHC ) p.p -0
4 #a -BHC ([} o, -0
3 Aordrin 11 pLp D30T
'] -

3 : - o

o] i

Fig. 3.4.2 NCI mass spectrum of y -BHC (peak-3)

T

CE] [

Fig. 3.4.1 Total ion chromatogram of analyzed crude drug (red ginseng)

Fig. 3.4.3 SIM chromatogram (NCI) of y -BHC (m/z:71)



3.5 Measurement of Glycyrrhizin in Licorice - LCMS

= Explanation

The licorice root is known as a crude drug and contains
plenty of glycyrrhizin. Glycyrrhizin works against ulcers,
inflammation, and allergies and is used in antitussive,
expectorant and peptic ulcer treatments.

Glycyrrhizin is a triterpenes glycoside and among its
molecules glucuronic acid has two coupled molecules. In
APCI (-) measurement, m/z 645 and 469, where
glucuronic acid was desorbed were observed, together
with [M-H]- (m/z 821) (Fig. 3.5.1 and Fig. 3.5.2). Also,
APCI (+) measurement revealed the ion (m/z 471) that
denotes aglycon (Fig. 3.5.3. and Fig. 3.5.4). (m/z 453
shows dehydrated ions.)

Normally LCMS measuring detects ions to show
molecular weight, but with glycoside analysis, this kind
of fragment ion is often observed, which assists element
recognition.

m Pretreatment
Add 20mL of water to 1g of licorice root and leave for 20

= Analytical Conditions

0 LCMS-QP8000a

O Inertsil ODS-3
(2.2mm i.d.x 150mmL)

Instrument
Column

Mobile phase A O 20mM(ammonium) acetatél pH4.50]

Mobile phase B [0 methanol
0 0.2 mL/min

Flow rate
Temperature

0400

Time program [

Time (min) Function Value
0 B.Conc 50
10 B.Conc 90
15 B.Conc 90
15.01 B.Conc 50
25 STOP
Mode O APCI (O), APCI (O)

. . .. 0 m/z -1,
min at 60 . Filtrate the extracted liquid through a water- Mass range /2 300-1,000
based membrane filter (0.454 m).
Int. JTIC Int. aTIC
4821.00 .
15.0e64 1471.00
] 30e6—
12.5e6 T
10.0e6-] .
] 20e6-
. 1 M
5.06 1066.]
2.5e6 1
0.066—11 T T T T T 0eb——T—T—TTT1 2 T T

L U T
10.0 min

T T
10.0 min

Fig. 3.5.1 TIC and mass chromatogram using APCI (-)

Fig. 3.5.3 TIC and mass spectrum using APCI (+)

Int. ] 821
100034
50063 645
1351 4T9 80y
Oe3 TI : T T || T |?| T

500

|
750

m/z

Int. . 453
3.0e64
2.0665 471
1.0e64 4
3 4?7
] 111
0.0e6 1 T T 7T T T T
5(50 7é0 m/ z

Fig. 3.5.2 Mass spectrum (APCI (-)) of glycyrrhizin

Fig. 3.5.4 Mass spectrum (APCI (+)) of glycyrrhizin
34
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3.6 HPLC Analysis of a Crude Drug (1)- LC

In the 12th revision of the Japanese Pharmacopoeia, high-
performance liquid chromatography (HPLC) method is
designated as the quantitative method for crude drugs and
as the measuring method for amounts of elements
contained, targeting 7 elements in 20 kinds of crude
drugs. This data shows examples for berberine in coptis

e Analysis of Berberine in Coptis
Rhizome (Japanese Goldthread)

= Explanation

Berberine is an alkali, so adsorption occurs during
analysis in the normally used silica-based column. To
curb this adsorption, counter ions are added to the mobile
phase. Sodium lauryl sulphate was used for the official
conditions and sodium perchlorate for the Shimadzu easy
method.

® Pretreatment

Pretreatment (Fig.3.6.1& )0
ad
Extractant : Methanol/10%HCIO 100/10
Powdered Coptis Rhizome 0.5g00
|-— Extractant 30mL0

‘ Reflux 30minO

Add extractant 3omLO O}

Repeat 2 times El!tranonD
|

|
Residue
a

Combine filtrates and
add Methanol to rTake 100mLO
a

\
Filtiatelj

) Sample solution
Pretreatment (Fig.3.6.160)

g
Extractant : 0.1N HCI/Methanold 1/101
Powdered Coptis Rhizome 0.25g00
|~ Extractant 50mL0O
I\D/Iixing 15min. (ambient temperature)]

Filtration (0.450 m membrane filter)O
O

Sample solution
O

rhizome (Japanese goldthread), scopolamine and
hyoscyamine in root extract, and arbutin in bearberry
using both a chromatogram obtained with pretreatment
and analysis conditions conforming to the Pharmacopoeia
and a Shimadzu chromatogram obtained with a simple
pretreatment method and fast analysis conditions.

m Analytical Conditions (Fig. 3.6.1 (A))

Instrument [0 HPLC

Column 0 STR ODS-M (150mmL.x 4.6mm i.d.)

Mobile Phase O Potassium Dihydrogenphosphate 3.4g,
Sodium Lauryl Sulfate 1.7g in 1L of
Water/Acetonitriled 1/1

Flow Rate [ 0.6mL/min

Temperature 400

Detection [0 UV-VIS Detector 345nm

m Analytical Conditions (Fig. 3.6.1 (B))

Instrument [0 HPLC

Column 0 STR ODS-M (150mmL.x 4.6mm i.d.)

Mobile Phase [J 200mM Sodium Perchlorate in 10mM (Sodium)
Phosphate Buffer(pH O 2.6)/
AcetonitrileD 5/3

Flow Rate [ 1.0mL/min
Temperature 400
Detection O UV-VIS Detector 345nm
Peaks
1. Berberine
1
T T T 1 T T T 1
0 5 100 15min 0 5 10 15min
® ®
Official Conditions Simple Conditions

Fig. 3.6.1 Analysis of berberine in coptis rhizome (Japanese goldthread) powder



3.6 HPLC Analysis of a Crude Drug (2)- LC

e Analysis of Scopolamine and Hyoscyamine in Root Extract

= Explanation

Triethylamine is used with the official condition as a
tailing prevention and sodium perchlorate was used for
the simple conditions in the same way as for berberine.
Also, with the simple conditions, the internal standard
product brucine has not been added, but if brucine was to
be analyzed at the same time, the holding time would be

approximately 12.5 min.

m Pretreatment

m Analytical Conditions (Fig. 3.6.2 (A))

Instrument 0O HPLC

Column 0 STR ODS-M (150mmL.x 4.6mm i.d.)

Mobile Phase O Potassium Dihydrogenphosphate 6.8g,
Triethylamine 10mL in 1L of Water
(Adjust pH to 3.5 with H:PO.)/
Acetonitriled 9/1

Flow Rate [ 0.8mL/min

Temperature 0 Ambient

Pretreatment (Fig.3.6.24 )0 Pretreatment (Fig.3.6.28 )0 Detection O UV-VIS Detector 210nm
O O
Scopolia Extract 0.4g0] Scopolia Extract 0.08g[]
-— 10% Ammonia water 15mL0 — 10% Ammonia water 3mL
Diethyl ether 25mL0O Diethyl ether 5mLO
Mixing 15min then centrifuge] Mixing 5min then centrifuged - Analytical Cond itionS (Flg 3 6 2 (B))
( Residue  Upper layerd Lower layerd Upper layer Instrument D HPLC
Add Diethyl-0| O ] ]D —10mM (Sodium)0
ether 25mL | Combine upper layersO Waste Phosphatel Column 0 STR ODS-M (]_SOmmLX 4.6mm |d)
and evaporate tol] Buffer (pHO 2.6)0 . . . .
dryness on water bath) 5mL0 Mobile Phase [J 100mM Sodium Perchlorate in 10mM (Sodium)
u o Centrifuger) Phosphate Buffer(pH O 2.6)/
Take up residue in0O O
5mL of mobile phasel] Filter lower layer) Acetonitrile 3/1
Internal standard® (0.451 m membrane filter)d R
sooution 3mL] 0 Flow Rate [ 1.0mL/min
Add mobile phase toO Sample solution Temperature D 40 |:|
make 25mL0
o Detection [0 UV-VIS Detector 210nm
Sample solution
2 2
Peaks 3
1.Scopolamine
2 .Hyoscyamine
3.Brucine
| b L |
| T [ T 1 f T T
0O 5 10 15 20 (min) 0 5 10 (min)
® B
Official Conditions Simple Conditions

Fig. 3.6.2 Analysis of scopolamine and hyoscyamine in root extract
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Crude drugs and Natural Substances

3.6 HPLC Analysis of a Crude Drug (3)- LC

e Arbutin in Bearberry

= Explanation

This data shows chromatograms for the official
conditions using hydrochloride water solution as the
mobile phase and the simple conditions using an acidic
phosphate buffer. The simple conditions are considered
appropriate for fully separating hydroquinone and gallic

acid that coexist with arbutin in actual samples.

= Pretreatment

Pretreatment (Fig.3.6.3& )0
0
Powdered Bearberry Leaf 100mgC

Pretreatment (Fig.3.6.3@ )0
n]
Powdered Bearberry Leaf 100mgQ

= Analytical Conditions (Fig. 3.6.3 (A))

Instrument 0O HPLC

Column 0 STR ODS-M (150mmL.x 4.6mm i.d.)

Mobile Phase O Water/Methanol/0.1N Hydrochloric
AcidJ 94/5/1

Flow Rate [0 0.8mL/min

Temperature 0 Ambient temp.

Detection [0 UV-VIS Detector 280nm

Official Conditions

|—water gmL0 |—water 20mL0 = Analytical Conditions (Fig. 3.6.3 (B))
Mixing 30min0 Mixing 5min0
o | 0 Instrument 0 HPLC
Centrifuge 5min0] Allow to stand 1 hour( R
Addwaterl | O at4000 Column 0 STR ODS-M (150mmL.x 4.6mm i.d.)
8mL Filtration O . .
(0,45 m membrane fie) CoolingD Mobile Phase [0 100mM (Sodium) Phosphate Buffer (pHO 2.1)/
: O Methanol O 40/1
Residue Filtrate() Centrifuge 5minQJ .
o 0 Flow Rate [ 0.8mL/min
Combine filtrates and Filtration(J
add water to make 20mL0 (0.451 m membrane filter)0 Temperature 0400
O D Detection [ UV-VIS Detector 280nm
Sample solution Sample solution
Peaks
1 1.Arbutin
1 2 .Hydroquinone
3.Gallic acid
3 3
ﬂ_ 2
r T T T 1 r T T T |
0 5 10 15 20min 0 5 10 15 20min
® ®

Simple Conditions
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Fig. 3.6.3 Analysis of arbutin in bearberry powder




4. Clinical and Forensic Medicing "

4.1 Microanalysis of Cyanogens in Blood - GC

= Explanation = Analytical Conditions

Cyanogen gas is generated by combustion of certain Instrument [0 GC-17AAWFEWEt
macromolecular construction mats:rlals, etc., and t.he Column [ DB-GSQ 30mx 0.53mm i.d,
amount of cyanogen gas together with carbon monoxide

in blood have to be measured in fire fatalities. Methods ~ COl-Temp. 01300

such as the pyridine-pyrazolone method and electrode Inj. Temp. 0 2000

method are used for cyanogen gas but the headspace GC Det.Temp. 0 2500 (FTD)

(FTD) method is the easiest and fastest way of analyzing
cyanogens in blood. This data introduces analysis o
examples conforming to the Pharmaceutical Society of ~ INjéction
Japan's toxic drug chemical testing method (see reference

contributions 1 to 4). References

Carrier Gas 0 He 7TmL/min
O Direct

1. Yasuo Seto: "Headspace Gas Chromatography Method
in Legal Toxicology", No. 3 of volume 12 Regal

= Pretreatment Toxicology, published in 1994 (separate volume)

o introduction
+ Seal 0.5mL blood sample + 3mL distilled 2. Manabu Furuta, Toshimitsu Watahiki, Tetsuo Ishida:
water in 8mL vial (screw lid with packing). "Quantitative Method for Cyanogen Compounds with
| FTD", Japanese Medical Journal 43(2), 179-185, 1989

3. Toshiaki Shinohara, Yasuo Seto: "Quantitative

. . L )
Add 2mL 50% phosphate (for quantitative analysis of Methods for Micro Amounts of Cyanogen in Blood

physiological concentration level, 30p L of 1mol/L using Headspace Gas Chromatography - Comparisons
ascorbic acid is added, as it is preferable to prevent with Pyridine-Pyrazolone Method", National Research
interference by thiocyanaic acid that exists in blood; see Institute of Police Science Report Vol. 40, No. 3,

August 1987

fi ibuti . . . .
reference contribution 5) 4. The Pharmaceutical Society of Japan 115th Meeting,

! Public Health Conference Material (p 76), Toxic Drug
« After mixing keep at constant temperature of 500 for 30 min. Chemical Test Method, Cyanogen Compound Test
Method
!

5. Yasuo Seto, Jpn.J. Toxicol. Environ. Health., Vol. 42,

+ Inject 0.5mL gas-state sample into GC using 319.325 (1996)

gas-tight syringe heated to 500 .

HCN

1.463

2.0

Fig. 4.1.1 Chromatogram of Cyanogen in blood (5ng/mL) 38
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4.2 Analysis of Antiarrhythmic Drug (1) - GC

= Explanation

This introduces data of analyzed antiarrhythmic drug in

blood serum.

= Pretreatment
See Fig. 4.2.2 (pretreatment flowchart) for details.

= Analytical Conditions

Instrument O
Column a

Col.Temp.
Inj. Temp.
Det.Temp.
Carrier Gas
Injection

O 0Ooo0ood

GC-14BPSi

CBP5 25mx 0.22mm i.d.
df=0.25pu m

26001

30000

30001 (SID)

He 2.0mL/min

Split 10 2 (Solventless)

CHs
CzHs
NHCOCH2 N~
\CzHs
CHs

lidocaine

Fig. 4.2.1 Structural Formula: Structural formula of lidocaine

Serum 50012

CHC2, 5000
= 40.5N NaOH 50042

Shake 5min

Centrifuge 12,000 r.p.m, 2min

aqueous layer Organic layer (300u£)

Injection to GLC (2u8)

Inj

1. Lidocaine

4min

Fig. 4.2.2 Pretreatment flowchart for lidocaine in blood serum

Fig. 4.2.3 Chromatogram of lidocaine in blood serum



4.2 Analysis of Antiarrhythmic Drug (2) - GC

= Explanation

= Analytical Conditions

This introduces data of analyzed antiarrhythmic drug in  |nstrument 0 GC-14BPSi
plasma. Column 0 CBP525mx 0.22mm i.d.
df=0.25py m
® Pretreatment Col.Temp. 0 2600
See Fig. 4.2.2 (pretreatment flowchart) for details. Inj.Temp. 0 3000
Det.Temp. 0 3000 (SID)
Carrier Gas 0 He 2.0mL/min
Injection O Split 10 2 (Solventless)
Plasma 1002
Internal standard (Imipramine) in
“HOZ H20 (548/m2) 108

/CzHa
N—CHz+CHz+CHz2—N
\Csz

Aprindine hydrochloride

Fig. 4.2.1 Structural Formula: Structural formula of aprindine hydrochloride

0. 5N-NaOH 1002
Ethyl acetate:n-hexane=9:1 (v/v)
solution 500u£

Shake 1min (Vortex)

Centrifuge 12000 r.p.m. for 10min.

Aqueous layer Organic layer

Inject to GC with SID

(2~4 L)

Fig. 4.2.2 Pretreatment flowchart for aprindine hydrochloride in plasma

g\

1 : Imipramine 250pg (I.S)
2 : Aprindine 320pg

[ I | T T I
0 4 8 12 16 20

I T T I

T
24 28 32 36 40 min.

Fig. 4.2.3 Chromatogram of aprindine hydrochloride in plasma
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4.3 Analysis of Psychotropic Agent Chlorpromazine (1) - GC

= Explanation

The psychotropic agent chlorpromazine (CPZ) is widely
used as an anti-psychotic agent, but the effective
concentration in blood is extremely low, so selective
high-sensitivity analysis is required. This data introduces
analysis examples of chlorpromazine in blood serum.

= Pretreatment
See Fig. 4.3.2 (pretreatment flowchart) for details.

= Analytical Conditions

Instrument 0 GC-14BPSi

Column 0 CBP1 25mx 0.33mm i.d.
df=0.50p m

Col.Temp. O 700 (2min)0 100 /min0 2800 (20min)

Inj. Temp. 0 3200

Det.Temp. 0 3200 (SID)

Carrier Gas O He 2.9mL/min

Injection O Splitlessl Sampling TimeQ 1min0C

L,

CHs

|
CH2CH2CHNT
N¢

Hs

Chlorpromazine (CPZ)

Fig. 4.3.1 Structural formula of chlorpromazine (CPZ)

Serum 30012

Imipramine 300ng(L.S.)

Ethyl Acetate 6002

IN-NaOH 50ul
Shake 3min

Centrifuge 12000 r.p.m., 20 min

Aqueous layer

Organic layer

Inject to GC with SID
(22)

Fig. 4.3.2 Pretreatment flowchart example for chlorpromazine in blood serum

1. Imipramine (1.S)
2.CPZ

L

Inj.

T T T T T T
0 4 8 12 16 20 24 28 32min

(A) Blank (serum)

T T T T

0 4 8 12 16 20 24 28 32min

(B) Spiked serum

CPZ 50 ng/m£
Imipramine 1ug/m£(1.S)

Fig. 4.3.3 Chromatogram of chlorpromazine in blood serum



4.3 Analysis of Psychotropic Agent Chlorpromazine (2) - GC

= Explanation
The following data shows sensitivity comparisons of
analysis results for individual detection by FID, FTD,

m Pretreatment
Blood serum is extracted using ethyl acetate and IuL
injected.

ECD and SID used to analyze in-blood concentration of
chlorpromazine (CPZ), a substance widely used as an

anti-psychotic agent.
Instrumeni] Basel[T]

s Column O
C[chz Col.Temp. O
(I)HzCHzCHzN<CHs Inj.Temp. O

CHs Det.Temp. O

Onlorpromazine (GF2) Carrier Gas [
Injection O

Fig. 4.3.1 Structural formula: Structural formula of chlorpromazine

m Analytical Conditions

GC-14BPFsc

CBP-1 25mx 0.33mm i.d.
df=0.50pu m

700 (Imin)d 100 /min 0O 2800
32000

32000 (FID, FTD, ECD, SID)

He 2.9mL/min

Splitles8l Sampling Timel 1min

(©) FID

! \/ |

(Sensitivity : 8.0X10"'" AF.S)
(A) SID
. . B) FTD
1 Imipramine
(I.S. 1 ppm)
CPZ (300ppb)
2
1
2
-
T T T r T T
o 10 20 30min o 10 20 30min
—
(D) ECD

T
30min

T T
20 30min

Fig. 4.3.2 Chromatograms of chlorpromazine in blood serum using each type of detector
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4.4 Analysis of Psychotropic Agent Haloperidol - GC

= Explanation

Haloperidol is widely used as a treatment drug for
schizophrenia and depression, but the effective
concentration in blood is extremely low, so selective
high-sensitivity analysis is required. This data introduces
analysis examples of haloperidol in blood serum.

= Pretreatment
See Fig. 4.4.2 (pretreatment flowchart) for details.

= Analytical Conditions

Instrument
Column

Col.Temp.
Inj. Temp.
Det.Temp.
Carrier Gas
Injection

0 GC-14BPSi

O DB-130mx 0.32mm i.d.
df=0.50p m

30000

3200

3200 (SID)

He 3.4mL/min

Split 10 1.4 (Solventless)

Ooo0Ooood

1 OH
F C—CHz —CHz—CHa— N

Haloperidol : R=Cl
Bromperidol (1.S.) : R=Br R

Fig. 4.4.1 Structural formula of haloperidol and bromperidol

Serum 300u£

Bromperidol 150ng (internal standard)
IN-NaOH 1002
Chloroform 5002

Shake 3min

Centrifuge 12000 r.p.m., 20min

Aqueous layer Organic layer

Inject GC-SID (5u£)

1 : Haloperidol
2 : Bromperidol (I.S)

-

(A) Blank (serum)

T T T T
0 4 8 12 (min) 0 4 8 12 (min)

(B) Spiked serum

Haloperidol  50ng/m£
Bromperidol 500ng/m£(1.S.)

Fig. 4.4.2 Pretreatment flowchart for haloperidol in blood serum

Fig. 4.4.3 Chromatograms of haloperidol and bromperidol in blood serum



4.5 Analysis of Psychotropic Agent Imipramine and its Metabolic Substance - GC

= Explanation

This data introduces analysis of anti-psychotropic agent
imipramine, which is greatly used in clinical medicine,
and its metabolic substance desipramine that is
pharmacologically active.

= Pretreatment
See Fig. 4.5.2 (pretreatment flowchart) for details.

= Analytical Conditions

Instrument 0 GC-14BPsSi

Column 0 CBP125mx 0.33mm i.d.
df=0.50u m

Col.Temp. 0 2500

Inj. Temp. 0 3000

Det.Temp. 0 3000 (SID)

Carrier Gas 0 He 4.0mL/min

Injection 0 Split 10 2 (Solventless)

CHs H
é CH2CH2CHzN""

NCHs CHs

CH2CH2CHzN

Imipramine Desipramine

Fig. 4.5.1 Structural formula: Structural formula of imipramine and desipramine

Spiked serum 5002
Clomipramine 500ng (1.S)
IN-KOH 3002

dichloromethane 500u2

Shake 1min

Centrifuge 12, 000 r.p.m., Smin.

aqueous layer Organic layer

Inject to
GC with SID
(4u2)

Fig. 4.5.2 Pretreatment flowchart for imipramine in blood serum

1 : Imipramine 4ng
2 : Desipramine 17.6ng
3 : Clomipramine 4ng

Y

| |-

§

Inj.

r T T
(o] 4 8min
A) Blank (serum)

r T T
[o] 4 8min

B) Spiked serum

Fig. 4.5.3 Chromatogram of imipramine and desipramine in blood serum
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4.6 Analysis of Stimulant Drugs Using GC/MS - GCMS

m Explanation

Urine samples of people suspected of using stimulant

drugs are analyzed to detect the drug. The following are

substances targeted by the Stimulant Control Law.

U Phenyl-aminopropane, phenyl-methyl-aminopropane
and other salts of this kind

U Material specified by laws as being active stimulants

U Substances that contain any material covered by item
and above, which are shown in Fig. 4.6.1.

The handling of these compounds is strictly regulated

making them difficult to obtain, so a similar compounds

with weak stimulant effects were analyzed as TFA

(trifluoroacetyl) derivatives using the EI method and CI

method (Fig. 4.6.2).

g
Orgrpms
R3 Rz
Ri R Ry
Phenyl-aminopropane (amphetamine) H H H
Phenyl-methyl-aminopropane (methar i CH; H H
Ephedring e+e+e2 CHy, H OH
Phenterming ««+«s2« H CH; H

Fig. 4.6.1 Structural formula of stimulant drug

@—-CH.CH,—-TH

COCF,

@—cu,cn—cm
)

NC,Hs
COCFy

TFA - 8 -phenethylamine Mw.217

TFA -ethylamphetamine M.w.261

OCH,3

) ) M.W.277
TFA -orthoxine CH,CH——CH,

NCH,
OCF,

Fig. 4.6.2 Structural formulas of compounds similar to stimulant drug used for analysis

~

Peak 1: 3 -phenethylamine
1 2: Ethylamphetamine
3:orthoxine

WAttt rtiee 1.0

10 15
TINEHINY

m Analytical Conditions

Instrument O0GCMS-QP1000
—GC—
Column O CBP-8 25mx 0.22mmi.d. df=0.25p0 O

Column Temp. 0700 (3min)0 200 /min0 2300 (3min)

Injector Temp. 02500

Carrier gas O He 100kPa

Injection Method [ Splitless (Sampling Time=2min)
Injection Volume [O2uL

—MS—

Interface Temp. 02500

lon Source Temp. 02500

lonization Method
Scan Range

OEI/CI (Reaction gas: isobutane)
Om/z 35-700(El)
m/z 100-700(Cl)

Scan Interval 0 2sec

104
9

126
@m.][cn. "
o docr,
"
126 108 i
L J| I, L i
€0 ‘g0 24 &

190 120 140 160 130 200 220 o a0 2o

e217)

a0

Fig. 4.6.4 EI mass spectrum of peak 1 (B -phenethylamine)

168
91—

©@-cntgi—on |’
140 [_ ?C.N‘

o e 10| cocr, 2
168 1

|
L i

@ € s 1ea

A 180 200 220 240 260 280

Fig. 4.6.5 EI mass spectrum of peak 2 (ethylampthetamine)

[P —

g 00 FaH
Sodloo
9 '.‘C";
I 12 j.coch ~2rn)
hodl 1

H

150

40 €0 =0 100 120 140 160 180 200 220 240 260 280

Fig. 4.6.6 EI mass spectrum of peak 3 (orthoxine)

MH218

4
80 100 120 140 160 180 200 220 240 260 280 300

Fig. 4.6.7 CI mass spectrum of peak 1 (f -phenethylamine)

(M-H)*260

%0 100 120 140 160 120 200 220 240 260 280 300

Fig. 4.6.8 CI mass spectrum of peak 2 (ethylampthetamine)

(M-H)*276

1
90 100 120 140 160 180 200 220 240 260 230

45 Fig. 4.6.3 TIC of TFA derivatives of stimulant drug dummy compounds

Fig. 4.6.9 CI mass spectrum of peak 3 (orthoxine)



4.7 Mass Screening of Congenital Metabolic Disorder (Phenylketonuria) (1) - GCMS

= Explanation = Analytical Conditions
With mass screening of congenital metabolic disorder,  |nstrument 0 GCMS-QP5000
GC/MS identifies and quantifies ground substances and

. —GC—
erroneous metabolic elements that have accumulated due
to a disorder in a certain metabolic route in order to locate ~ €olumn [1DB-6 30mx 0.25mmi.d. df=0.25u mO
the metabolic region and enable diagnosis of the disease. Column Temp. 06000 170 /min 3250 (3min)
Phenylketonuria is an ailment where the symptoms - Injector Temp. (1260 ]
including central nervous disorders such as intellectual Carrier gas 0 He 50kPa

impairment, convulsions and brain wave errors, and
melamine achromia - are determined from the latter half ~ Injection Method [ Split (20:1)
of infancy. —MS—

Fig. 4.7.1 shows the metabolic route of phenylalanine. As Interface Temp. 02800

Fig. 4.7.2 sl}ows? phenylketon.urla.can be dlagnoseq if lonization Method CIEI
phenylpyruvic acid, phenyllactic acid and phenylalanine

can be found in the urine sample. Scan Range m/z 50-650(El)
Scan Interval (J0.4sec
| pledidiadied it bl
o ; " : .
. . . L ly (Y ' '
protein synthesis <<= O—CHE CH-COOH . : @—CHZ—CHz—-NHz :
NH; phenylalanine Phep ' phenylethylamine !
i >
ﬂPhsnylalanins hydroxylase m\ E E
"afl.sfe,ase i E
protein synthesis ¢ HO—O—CHz-gH—COOH E O—CHz—g—COOH E
NHj tyrosine H phenylpyruvic acid E
“ A i \ :
1 1
h :
HO CHo-CH-COOH HO—O—CHZ—C—COOH : ‘
NH S : @—CHZ—GH—COOH '
HO' 2 DOPA ﬂ p-hydroxyphenylpyruvic acid | OH !
' phenyllactic acid 1
1 1
HO! OH homogentistic acid ! '
HO-Q—CHz-CHz—NHz CHp—COOH :
. J ' @—CHZ—COOH '
HO dopamine ' !
HoOC O O i :
QA _COOH maleylacetoacetate | phenylacetic acid '
1 L}
L} OH 1
HO CH—CH,—NH, 3 ' '
le OH norepinephrine 2 9 ' CHz=COOH :
H fumalylacetoacetate
HOOC’W'\’COOH E o-hydroxyphenylacetic acid E
E_ minor pathwayj
HO CH—CH,—NH—CHj coon 9 cop T
OH HOOC™ Hsc)k,cooH = H.O
N 2
HO spinephrine fumalate acetoacetate

Fig. 4.7.1 Phenylalanine metabolic route
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Fig. 4.7.2 Total ion chromatogram of urine from a phenylketonuria patient
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4.7 Mass Screening of Congenital Metabolic Disorder
(Propionic Acidemia and Methylmalonic Acidemia) (2) - GCMS

= Explanation

With mass screening of congenital metabolic disorder,
GC/MS identifies and quantifies ground substances and
erroneous metabolic elements that have accumulated due
to a disorder in a certain metabolic route in order to locate
the metabolic region and enable diagnosis of the disease.

= Analytical Conditions

Instrument
—GC—
Column
Column Temp.

0 GCMS-QP5000

[0 DB-81 30mx 0.25mmi.d. df=0.25py mO
0600 0 170 /min 3250 (3min)

Propiopic acidemia and methylmalon.ic. acidemia is Injector Temp. [1260 ]
recognized by .symptoms such as Vc?mmng, lethargy, Carrier gas O He 50kPa
myotony reduction and growth retardation. o )
Fig. 4.7.3 shows the metabolic route of isoleucine. As  Injection Method  OSplit (20:1)
Fig. 4.7.4 shows, propionic acidemia can be diagnosed if =~ —MS—
3—hydroxyisovaleric.acid, tigl.ylglicine and methylcitiric Interface Temp. 028000
acid can be found in the urine sample. As. Fig. 4.7..5 lonization Method CIEI
shows, methylmalonic acidemia can be diagnosed if
methylmalonic acid and 3-hydroxypropionic as a micro ~ S¢an Range 0m/z 50-650 (EI)
metabolic substance can be found in the urine sample. Scan Interval J0.4sec
Hs
HsC. COOH
\ih;—lz isoleucine
Ha Hi OH n\/coou
HaCﬁS-CoA O\/\IOr HiC

o methyimalonyl-CoA

[e) o « -methylacetoacetyl-CoA 3-hydroxypropionic acid propionylglycine
ﬂ 8-ketothiolase HSCWOH HaC/Y\H/OH
o O OH O
3-oxovaleric acid 3-hydroxyvaleric acid
S-CoA - H. H.
Hsc/\g H c/\"%:/o"' HAC ° om
propionyl-CoA 3 5 X 2 H
] 2-methyl- 2-methyl-
ﬂ Propionyl-CoA carboxylase H 3-oxovaleric acid 3-hydroyxyvﬂleric acid
3
Ha HOOC COOH
HOOC S-CoA OOH

methyicitric acid

minor pathway

[l Methyimalonyl-CoA mutase

HOOC_~-S-CoA
o succinyl-CoA
TCA cycle
Fig. 4.7.3 Isoleucine metabolic route
o
s o
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Fig. 4.7.4 Total ion chromatogram of urine from a propionic acidemia patient

Fig. 4.7.5 Total ion chromatogram of urine from a methylmalonic acidemia patient



4.7 Mass Screening of Congenital Metabolic Disorder (Isovaleric Acidemia) (3) - GCMS

= Explanation

With mass screening of congenital metabolic disorder,
GC/MS identifies and quantifies ground substances and
erroneous metabolic elements that have accumulated due
to a disorder in a certain metabolic route in order to locate
the metabolic region and enable diagnosis of the disease.
Isovaleric acidemia is an ailment with symptoms

= Analytical Conditions

Instrument O GCMS-QP5000
Column ODBO &30mx 0.25mmi.d. df=0.25u00

Column Temp. 06000 170 /min0 3250 (3min)

: . ! . Injector Temp. 02600
'1'nclud1ng the” generation of an (?dor that smell.s like Carrier gas 0 He 50kPa
sweaty feet", polypnea, vomiting and lowering of o )

consciousness. This ailment can lead to death if  Injection Method U Split (20:1)

untreated. —MS—

Fig. 4.7.6 .shows thf: metapolig route for leu?ine. As  Interface Temp. 02800

§h9wn in Fig. 4.7.7, isovaleric a01d§m1a can be @agnosed lonization Method CIEI

if isovalerylglycine and 3-hydroxyisovaleric acid can be

found in the urine sample. Scan Range [m/z 50-650 (EI)
Scan Interval [00.4sec

HaC COOH CoA

3

Ha NHz  oucine

ﬂ Leucine, isoleucine transaminase

H

I
Q
%j

CH; O .
2-ketoisocaproate

hain keto acid dehydrog

isovaleryl-CoA

2.

R,

yi-CoA dehydrog

Shvein,

e

M
%

HOOC =
CH; O
3-methylglutaconyl-CoA

| et

H

yI-CoA hy

HOOC oA
CH,

3-hydroxy-3-methyiglutaryl-CoA
/ ﬂ 3-hydroxy-3-methylglutaryl-CoA lyase
cholesterol acetyl-CoA
+

acetoacetate

minor pathway

H
HsC N._ COOH

CH3; O N -isovalerylglycine

HaC Hydroxyiase H c$\
roxylase 3
~ " coon Hydroxylase COOH
CHa CHy

ﬂ 3-methy yl-CoA isovaleric acid 3-hydroxyisovaleric acid
3-methylglutaconyl-CoA e -
Fig. 4.7.6 Leucine metabolic route
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Fig. 4.7.7 Total ion chromatogram of urine from isovaleric acidemia patient
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4.8 Emergency Testing Method for Acute Drug Overdose using DI/CI/MS - GCMS

= Explanation

With mass spectrometry using direct sample introduction
(DI), the analysis of mixed samples is difficult because
the GC separation stage is not used, but it is effective for
analysis of compounds that easily heat decompose and
compounds with high boiling points. If the compound has
been purified in advance, the structure can be confirmed
quickly without having to make a derivative of it, as is
the case with GC.

The structure and molecular weight of such a compound
can be confirmed using a combination of electron-impact
ionization (EI) and chemical ionization (PCI) methods.

= Analytical Conditions
Instrument 0GCMS-QP100al with PCI/DIC
—MS—
lonization Box Temp. 0250 (10 EICT] 200 [ PCIO
lonization Method [0 EI/CI Reaction gas: Isobutanel]
Scan Range Om/z 35-4501 EIO)

m/z 70-4501 PCI
Scan Interval O 2sec
DI Temp. 04000 400 /min-270 10 10min0

El
57 Valproic acid
M144
Hda.
Acetaminophen M151
I
Ethenzamide 120
M1
l |
= [caffeine IM194
2
S
= Ll ,l. l A
2 [ Primidone 146
5 l l M218
£ +
= dew LAk 1
Bromvalerylurea
M222
| ul I +
Phenobarbital 204
‘ M232
A P A4 1
Phenytoin 180
M252
L .L l 1 ll |
50 100 150 200 250 3060 m/z
El
Nitrazapam M-1 280
l l m281
PR L4 l ST oES
) B
1azepam ‘\ PP
b owd s e l
Chiordiazepoxide
M299
=
2 N " X
2 72 Promethazine
2 mM284
k-
= 98 Trihexyphemdyl
M301
. N v
Biperden 98
M311
. L v
FB Chlorpromazine M318
u, "
50 100 150 200 250 300 m/z
£l
Aspinin 120
Ao 1Ly 1 Moieo
Pentobarbital 156
l M-226
F P i
56 Aminopyrine
M*231
H 1. 1
§ [Carbamazepine 193
% M'236
2
2 " I
= 59 Dextromethorphan
= t\f'271
YRS Y P IV {
Chiorpropamide [111 M276
L i bl
58 Levomepromazine
M™328
L
Haloperidol 224
1 M*375)
1 UTW VP A PY I | \
50 100 150 260 250 300 3501m/z

CI (iso-Butane)

Valproic acid MH145 CH3ICH2CH2
CHaCHaCH,—CHCOOH

Acetaminophen MH152

CHaCOHN—< >—OH
Ethenzamide MH 166 CONHz
QOCzHa
=3 CH
é Caffeine MH195 H)Cm%‘:
= o N
g CHa
S [ Primidone MH219 o K
3 rimido MH
Bromvalerylurea 145 SHi=cHGHCONHCONH:
.
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1

H

"
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sC;
rat o
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H
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Fig. 4.8.1 EI spectrum of standard drug

Fig. 4.8.2 CI spectrum of standard drug



4.9 Analysis of Drugs Using Fast-GC/MS (1) - GCMS

m Explanation

Demands are being placed on analysis laboratories to
shorten analysis time and increase productivity in
analysis with a higher throughput of samples at a lower
cost. Fast-GC/MS uses as a column with slender inner
diameter to realize high separation and, what is more,
analysis time can be shortened without sacrificing
separation. Fig. 4.9.1 shows analysis results for 0.1y L
standard sample analyzed at 1:80 split ratio. This would
have required approximately 14 min with a conventional
analysis column but Fast-GC/MS analyzed this sample in
3 min. Fig. 4.9.2 shows the analysis results of a typical
drug.

m Analytical Conditions

Instrument [0 GCMS-QP5050A(Fast-GC/MS type)
—GC—

Column [JCP-SIL5(10mx 0.10mmi.d. df=0.12p0)

Column Temp. 0800 (Imin)T 400 /min0 3200 (5min)
Injector Temp. 02800

Carrie

r gas (0He 500kPa

Injection Method [0 Split (80:1)
Injection Volume [0.1p L

—MS

Interface  Temp. 03200
lonization Method O EI

Scan Range O0m/z 55-499
Scan Interval J0.1sec

u e 7.905.62¢

Methaqualone
Diazepam
Diphenhydramine / \ Prazepam
/ Bupivagaine \
S0

Codcine

15 2

25 3

Fig. 4.9.1 Total ion chromatogram of standard sample analyzed using Fast-GC/MS

Caffeine

DWJ

Internal Standard

MAM

\

LMJ LdL_:/ N

Diacetylmorphine

Papaverine Noscapine

25

5

Fig. 4.9.2 Total ion chromatogram of typical drag analyzed using Fast-GC/MS 50
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4.9 Analysis of Drugs Using Fast-GC/MS (2) - GCMS

= Explanation Injector Temp. 02800
Demands are being placed on analysis laboratories to  cgyrier gas O He
shorten analysis time and increase productivity in
o . —Normal GC—
analysis with a higher throughput of samples at a lower )
cost. Fast-GC/MS uses as a column with slender inner ~ Column [JDB-5ME 30mx 0.25mmi.d. df=0.250 0
diameter to realize high separation and, what is more, ~ Column Temp. 0700 (2min)d 200 /min0 2000
analysis time can be shortened without sacrificing 0 70 /mind 3000 (3min) min

separation. Fig. 4.9.3 shows a comparison of total ion . .
chromatograms from measurements of drag in urine made o . 25_[' /min0 320D_ (2.5n?|n) )
using Fast-GC/MS and conventional GC/MS methods.  Injection Method O Splitless(Sampling time=1min)

Fig. 4.9.4 shows a mass chromatogram from results of  Injection Volume O1pL

measurement of drug in urine using Fast-GC/MS. Injector Temp. 128000
Carrier gas OHe

= Analytical Conditions —MS—

Instrument 0 GCMS-QP5050A Interface Temp. 003200

— Fast GC — lonization Method O EI

Column O CP-SILE 10mx 0.10mmid. df=012u00  Scan Range [m/z 55-499

Column Temp. 0800 (Imin)J 400 /min0 3200 (5min) ~ Scan Interval [J0.1sec

Injection Method [0 Splitless(Sampling time=0.5min)
Injection Volume [00.5p L

Methadone
Fast GC/MS Morphine
50 Meconin

7-Amino<Fluni

25 5 75

Normal GC/MS Methadone

/ Morphine

7-Amino-Fluni

0

10 20

Fig. 4.9.3 Total ion chromatogram of drag in urine (upper: Fast-GC/MS, lower: conventional GC/MS)
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5"% w”‘.m-"‘ (g

] .__AJL,__.«..,M'LA—-'--M"‘}E - AT e st — T 10
v ionPmcomimn] ?\LM S L A : e 213U 55
A N AN AN A e 28300 50
........ A N Ju i:?\-m.ﬂmw_ww_ww_mw s

S, SN, Jq’ ha= S 20007 5¢

25 5 75

Fig. 4.9.4 Mass Chromatogram of analyzed drag in urine using Fast-GC/MS



4.10 Analysis of Amphetamine and Methamphetamine - LC

= Explanation

Fig. 4.10.1 shows an analysis example of amphetamine
and methamphetamine, one group of narcotics. Amine
types usually have alkali characteristics, so sodium
perchlorate is added to the mobile phase to suppress peak
tailing that may occur.

= Analytical Conditions
O HPLC
(0Shim-pack CLC-ODS(M)
(150mmL.x 4.6mm i.d.)
Mobile Phase [ (A) 10mM Sodium Phosphate Buffer (pH2.6)
containing 100mM Sodium Perchlorate
(B) Acetonitrile
(A(B)O 4 : 1 (V/V)
Column temp.J Room temp.

Instrument
Column

Flow rate 01.0mL/min
Detection  OUV-VIS Detector 210nm
References

This analysis data was provided by Dr. Yamamoto at
Department of Regal Medicine, Faculty of Medicine,
Kyoto University.

10 (min)

1 . Amphetamine
2 . Methamphetamine

Fig. 4.10.1 Analysis of standard product
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5. Others

5.1 Application of Automatic Diffuse Reflectance Attachment for Confirmation Test (1) - FTIR

= Explanation

The measuring methods for solid samples in the 13th
revision of the Japanese Pharmacopoeia show that other
than the KBr tablet method there is the ATR method and
the diffuse reflectance method. The diffuse reflectance
method - as a measuring method for powder samples -
has become well known together with the spread of the
Fourier transform infrared spectrophotometer (FTIR).
This method requires minimal pretreatment time because
there is no need for tablet production, so recently it is
being used as a confirmation test method.

If multiple samples are to be measured for the
confirmation test, measurement efficiency can be
increased through the use of an automatic diffuse
reflectance attachment. This data introduces the operation
procedure for application of the automatic diffuse
reflectance attachment in confirmation testing.

® Instrument

The automatic diffuse reflectance attachment shown in
Fig. 5.1.1 can measure up to 24 samples at one time
including background. The BASIC program is used to
control the turntable.

® Measuring Example

Fig. 5.1.2 and 5.1.3 show measuring examples with the
automatic diffuse reflectance attachment. Fig. 5.1.2
shows overlays of results for consecutive measurements
of three sample cups containing powdered lactose diluted
in KBr at 2wt%. The overlays show that measurement
was achieved with good reproducibility. Fig. 5.1.3 shows
the result for each spectrum after Kubelka-Munk
conversion (K-M conversion). The weak peaks tend to be
emphasized with the diffuse reflectance spectrum, but the
use of the K-M conversion means that results near those
for the KBr tablet method (transmission method).

= Analytical Conditions

Resolution :2cm?

Accumulation . 50

Apodization : Happ-Genzel

Detector : DLATGS

Accessory : DRS-8010ASC
Software - BASIC program, Japanese

Pharmacopoeia support program

m Application Example

Fig. 5.1.4 shows one example of the measuring procedure
when making use of an automatic diffuse reflectance
attachment in confirmation testing. The optional BASIC
program controls the automatic diffuse reflectance
attachment. Use this together with the confirmation test
program introduced in (0.3) to enable not only automated
measurement but also automated spectrum evaluation.

Fig. 5.1.1 External view of automatic diffuse reflectance attachment



5.1 Application of Automatic Diffuse Reflectance Attachment for Confirmation Test (2) - FTIR

T T T T LI
4000.0 3000.0 2000.0 1500.0 1000.0 500.0
lactose 1/em
Fig. 5.1.2 Diffuse reflectance spectrum of lactose
0.5 —
KM
0.25 —
[eXe} T T T T T
4000.0 3000.0 2000.0 1500.0 1000.0 500.0
conversion 1/cm

Fig. 5.1.3 Diffuse reflectance spectrum of lactose (after K-M conversion)

[ Fill sample cup with BKG (KBr powder) and sample }

[ Set measurement parameters (resolution, estimation) ]

[ Execute BASIC program (input No. of samples, BKG frequency, file name, etc.) ]

v

[ BKG measurement ]
[ Sample 1 measurement ]

- Execute K-M conversion

- Comparison and evaluation
against standard product

- Printout

[ Sample 2 measurement ]

(e

Fig. 5.1.4 Example of automatic diffuse reflectance measurement procedure
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5.2 Confirmation Test Using Program Conforming to Japanese Pharmacopoeia (1) - FTIR

= Explanation

With the Japanese Pharmacopoeia, there are certain
pharmaceuticals, in particular those that frequently used,
that are regulated for determination of appropriateness of
their characteristics and natures. Each type of test method
is recorded in the pharmaceutical clauses, and the infrared
spectrophotometry method also is used as a confirmation
test method.

In addition to the standard software of the well-
established Shimadzu FTIR systems there is a
pharmaceutical analysis system available to enable easy
output of confirmation analysis reports using the
extremely convenient infrared spectrum method when the
infrared spectrum is to be measured in accordance with
the general test method of the Japanese Pharmacopoeia.

This data introduces the program that enables output of
measurement results conforming to confirmation testing
using the infrared spectrophotometry method of the
general test method of the 13th revision of the Japanese
Pharmacopoeia.

m Report Output Program for Confirmation Testing
In accordance with confirmation tests using infrared
spectrophotometry, the spectrums of the sample and
standard product are compared to clarify whether or not
they conform. Clarification involves conformity of the
absorption peak frequencies to within a permissible range
and conformity of the intensity ratio of up to four
specified absorption peaks. If all the values are within the
permissible range, the sample is clarified as OK. If even
one value exceeds the permissible range, the sample is
clarified as NG.

The output results consist of the measurement parameters
and calculation results, OK/NG decision result and
standard and sample spectrums.

The calculation results in the upper section show the
frequency and transmittance of the detected peaks for the
sample and standard product. The column on the right
shows the level of nonconformity for the detected
frequencies. The lower section shows the intensity ratio
of each evaluated peak. And markers denote the detected
peaks and the peak selected for evaluation in the
spectrums.

m Required ltems

Standard spectrum data
Target sample spectrum data
Peak frequency table

m Launch Program

Input standard spectrum, sample spectrum and peak frequency tables.

l

Peak is detected from standard spectrum and sample spectrum using the peak frequency tables as a reference.

l

The level of frequency nonconformity is calculated from the targeted peaks
belonging to the standard spectrum and sample spectrum. Also both standard and
sample absorbency ratios for peaks selected for evaluation are calculated.

l

Items with a frequency nonconformity level exceeding 0.5% are
marked with an "X". Items that deviate from the ratio range of 0.8
to 1.2 for absorbency ratio are marked with an "x".

l

If there are no deviations from the
standard, the overall evaluation will
be OK, and "OK" will be displayed.

[

l nyn

If there is even one "X" mark, the
overall evaluation will be NG, and
"NG" will be displayed.

|

Printout is possible if required after display of OK or NG.




5.2 Confirmation Test Using Program Conforming to Japanese Pharmacopoeia (2) - FTIR

SAMPLEZ. IRS [7

Date : 2000007724 Time . 184720 Integration . 5007

Data - HYPER IR User.: SHIMADZU Defector . standarall

X-axis. 1iem Y-axis.: %7 Apodize function : Hagpl7

Min Wave number . 400.20 Max Wave number . 3999.12 Wave number range . 2/cm/l7

Number of data . 3733 Data interval . 0.96434 Resolution . 2.007 |
Gain . 1 Aperture . auto Mirror Speed . 2.8(low) ’

7] A B c D
0.0 T T T T [ T T T T T 1 T | T T L I T T 1 T I
4000.0 3000.0 2000.0 1500.0 1000.0 500.0
1/em
Sample Standard Non conformity
APl 2899.8cm-1 65.0%T 2899.8cm-1 64.7%T 0.00%
P2 1423.4cm-1 65.1%T 1423.4cm-1 65.3%T 0.00%
BP3 1260.4cm-1 69.43T 1260.4cm-1  69.8%T 0.00%
P4 1093.6cm-1 29,727 1093.6cm-1  30.3%T 0.00%
CP5 1036.7cm-1 27.0%T 1036.7cm-1  28.8%T 0.00%
P8 988.5cm-1 54.0%T 988.5cm-1  55.6%T 0.00%" -
_P7  875.6cm-1 62.3%T 875.6cm-1  63.4%T 0.00%
DP8  778.2cm-1 44.2%T 778.2cm-1 46.1%T - 0.003
—P3  632.6cm-1 49.4%T 633.6cm-1  50.6%T 0.15%
P10 552.6cm-1 47.2%T 552.6cm-1  49.6%T 0.00%
AB 1.1810 . 1.2142 0.9727
A/C 0.3297 ' 0.3504 0.9411
A/D 0.5285 0.5636 0.9378
B/C 0.2792 0.2886 0.9675
B/D 0.4475 0.4641 0.9641
C/D 1.6028 1.6084 0.9965
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5.3 Analysis of Lead (Pb) in Refined White Sugar - AA

= Explanation

The measuring of lead (Pb) using an electro-thermal
atomization method for purity tests of refined white sugar
has been added since the 13th revision of the Japanese
Pharmacopoeia. This data introduces an analysis example
that conforms to the official method.

= Lower limit of quantitation (guide)
Approximately 0.1ppm (in white sugar)

= Measuring Method

O Precisely place 0.050g of
polytetrafluoroethylene container.

0 Add 0.5mL of nitric acid to dissolve sample.

sample in a

=i - %
? o 2 . ) ) i
0.000 o100 0.200 0.300 0.400
ox Q000 0003 00000 030006
REP 0,0087 -0.0046 0.0000 0.0000 ppb
sug
x TYPe Absorbance B8 (pb) Concentration Unit
. uger
-y 830000 —
S F ) 3
~0. 100 0,000 0100 orbance® 2 0.300 0.400
NSA 0.0002 -0.0017  0.0000 &%a'u:e
REP 0.0008 -0.0007  0,0000 G.W
T T
E_ 3 ; : |
0. 0003
N2 2495678
suger
© Type Absorbance B (ppb) Concentration Unit
suger
o
-
g — . ]
0. 100 0.000 “o. 100 0. 0.0 0. %00
Absorbance
NSA 0.0306 -0.0014  1.0000 200.0000 ppb
(ppb) Concentration Unit
» o vger
=]
g  — - , !
0. 100 0,000 108, corbancE ™ 0.300 0. 400
HSA 0.0588 -0.0006  2.0000 400.0000 ppb
ger
-
3 — |
" Type Absorbance 86 (ppb) Concentration Unit
= o suger
— -+ T T
3 e— . . ]
0. 100 0.000 o100 o 0.300 0.400
Absorbance
NSA 0.0883 -0.0015  3.0000 €00.0000 pob
suger
M v
E  — 3
Vs 040238
"""Typs Absorbance 86 (ppb) Concentration Unit
RES 0.0185  3.6844 pob

O Seal container and heat for 5 hours at 150

O After cooling, add water to make exactly SmL of
sample solution.

0 Divide sample solution into three or more batches and
measure them using the standard additive method for
atomic absorption photometry (electro-thermal
method). (In this analysis 0.0, 0.2, 0.4 and 0.6ppm
were added for conversion in white sugar.)

= Analytical Conditions

Wavelength 0 283.3nm
Lamp Current 0 10mA
Slit Width 0 0.5nm
Lamp Mode 0 BGC-D:

Furnace Program [
0 Tube: High-density graphite tubell

STAGE Temp.(d) Time(s) Heat Mode Flow Rate(L/min)
1 120 30 RAMP 0.10
2 250 10 RAMP 0.10
3 600 20 RAMP 0.10
4 600 10 STEP 0.10
5 600 3 STEP 0.00
6] 2200 3 STEP 0.00
7 2500 2 STEP 1.00
Effective Calibration Carve - MSA (suger)
0.098 T T LI
0.080 | T
? 0.060 [~ 7
Q
g
S 0040 .
0.020 ']
Abs = 0.0293 Conc +0.000542
Correlation coefficient (r) = 0.99997
-0.001 : +
-0.018 1.000 2.000 3.302
Concentration (ppb)

Fig. 5.3.1 Measurement results for Pb in refined white sugar




5.4 Analysis of Lead (Pb) in Whole Blood - AA

Explanation

From the point of view of labor hygiene, it is vital that the
lead (Pb) in the whole blood of workers handling lead be
measured. This data introduces an example of direct
measurement of lead in whole blood.

= Lower limit of quantitation (guide)
Approximately 10ppb (in whole blood)

®= Measuring Method

U Dilute whole blood by five fold with a solution of
orthophosphoric acid that has been diluted by 200 fold
with water (original liquid is 85%) and leave the
diluted whole blood to stand for one to two hours.

U Mix the diluted whole blood with solution A shown in
Chart 5.4.1 to the proportion shown in Chart 5.4.2 using
an autosampler. And measure the mixture in accordance
with the standard additive method for atomic absorption
photometry (electro-thermal method).

10mL of orthophosphoric acid diluted by 200 fold
1mL of 10g/L (nitric acid) palladium modifier
10mL of triton X-100
10mL of (65%) nitric acid
Add pure water to the above liquid to make a 1000mL solution

= Analytical Conditions

Wavelength 0 283.3nm
Lamp Current 0 10mA
Slit Width 0 0.5nm
Lamp Mode 0 BGC-D:

Furnace Program ]

0 Tube: Platform type graphite tubel

Heat Mode Flow Rate(L/min)

STAGE Temp.(d) Time(s)
1 120 30
2 250 10
3 600 20
4 600 10
5 600 3
6] 2200 3
7 2500 2

RAMP 0.10
RAMP 0.10
RAMP 0.10
STEP 0.10
STEP 0.00
STEP 0.00
STEP 1.00

91.0000

Sec.

—

]

97.0000 E
-0.250 0.000

KSA 0.2074  0.0936 10.0000 10.000

0.500 1.000
Abs.
1.000 100.0000 1-11 150 144 4 0 300

—

+10ppb E

Blood 955a-1 1

REP 0.2026  0.0654 10.0000  10.000

1.000 100.0000 1-11 150 144 6 0 300

AVG 0.2050  0.0896 10.0000  10.000

1.000  100.0000

Chart 5.4.1 Preparation method for solution A

Final additive Five-fold diluted

concentration (ppb) whole blood (L) Solution A (L) sgr?ggrpdpgoluliun (1) Total (uL)
0 150 150 0 300
10 150 144 6 300
25 150 135 15 300
50 150 120 30 300

Chart 5.4.2 Main conditions for measuring Pb in whole blood

Sample name Measurement results (ppb) Assurance value (ppb)

955a-1 59.0 50.1
955a-2 144 135.3
955a-3 319 306.3

Chart 5.4.3 Measurement result for Pb in whole blood

MSA 0.4056  0.0986 25.0000  10.000

CV= 1.6476%
Blood 955a-1,
Type Abs. BG (ppb) DF  ASCDF  Final Pos Vol Dil R1 R2 Total

91.0000 Blood 955a-1

I — ' <

@ o 4
97.0000 C J

20.250 0.000 0.500 1.000

‘,006 250.0000 1-11 150 135 15 0 300

—

+25ppb E

Blood 955a-1

REP 0.3667__ 0.0799 25.0000  10.000

1.000  250.0000 1-11 150 135 15 0 300

AVG 0.3962 0.0892 25.0000  10.000

1.000  250.0000

CV=  3.3825%
Blood 955a-1,
Type  Abs.  BG (ppb) DF_ ASCDF  Final Pos Vol Dil R1 R2 Total
91.0000 Blood 955a-1
15
8
&
97.0000 .
-0.250 0.000 0,500 7,000

MSA 0.7083 0.0923 50.0000  10.000

Abs.
1.000 500.0000 1-11 150 120 30 0 300
Blood 955a-1

S

REP 0.6822 0.0805 50.0000  10.000

1.000 500.0000 1-11 150 120 30 O 300

AVG 0.6957 0.0864 50.0000  10.000

1.000  500.0000

0.779 Meas. Cal. Curve-MSA(Blood 955a-1)

0.600 r

§. 0.400 |-

0.200

-5.904 20.000 40.000 56.590
Conc (ppb)

CV=_ 27480%
Blood 955a-1 ]
Type  Abs.  BG (ppb) DF ASCDF  Final
RES 59044 10000  1.000 59.0445

ABS =0.0125 Cona + 0.0740
Cof. Coef. (x) = 0.99953

Fig. 5.4.1 Measurement example for Pb in whole blood
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5.5 Quantification of Calcium (Ca) and Magnesium (Mg) in Energy Drink - AA

Explanation

Gluconic acid calcium and L-aspartic acid magnesium
that are elements in energy drinks can be measured easily
and quickly by measuring Ca and Mg using the atomic
absorption method (flame method).

= Lower limit of quantitation (guide)
Ca: 20p g/mL (when diluted by 100 fold)
Mg: 10 g/mL (when diluted by 100 fold)

= Measuring Method

m Ca Analytical Conditions

Wavelength O 422.7nm
Lamp Current 0 10mA

Slit Width 0 1.0nm
Lamp Mode 0 BGC-D:
Flame 0 Air-C:H:
C:H: Flow Rate 0 2.0 L/min.

® Mg Analytical Conditions

U Place ImL of sample in a 100mL measuring flask. Wavelength 0 285.2nm
0 Add strontlu.m chloride to thfa abov.e liquid and a Lamp Current 0 8mA
standard solution to make solutions with 1000ppm Sr o
concentrations. The standard solution concentration St Width 0 0.5nm
can be alternatively mixed from 1 to 6ug/mL of Ca  Lamp Mode O BGC-D:
and Mg. Note, however, that sensitivity drops in Mg
measurement, so the burner will have to be set at an Flame 0 Air-CaHs
angle for measurement. .
C:H: Flow Rate O 1.8 L/min.
bs 0300f-------—-- e ___ T ___ T T T
Abs 0300 ] ] Abs 5200} - ------ beeees b ¥
1 | | | |
0.250f -~ - - ==~~~ R G | | |
| ' 0.150f - -----~- R EA -
0.200F --------- Fo---= e et : ' |
1 | I | [
L L | | |
0.180F === =----- T P 0.100} - ------ Fo-F--- it
1 | | |
0.100} - - - - - - &~ ettt LT ! !
: ) 00507 ---->4- F------- LR
0050t ---~----- Fo-mmmm- - k- - - ! I [
1 1 | [ [
i | | I' I
0.000 .0 :
0.000 2.500 5.000 0 %(.}000 1.000 2.000 3.000
Conc(ug/mL) Conc(ug/mL)
Abs=0.049444Conc+ 0 Abs=0.068401Conc+ 0
r=1.0000 r=1.0000

Fig. 5.5.1 Ca calibration curve

Fig. 5.5.2 Mg calibration curve

Chart 5.5.1 Measurement results

Ca concentration in solution

Mg concentration in solution

Sample 351p g0 mL

173p g0 mL




5.6 Quantification of Vitamin B.. (Cyanocobalamin) - AA

= Explanation
Cobalt is configured in vitamin Bi.. Therefore vitamin B
can be indirectly quantified through the quantification of
Co using atomic absorption photometry (electro-thermal
atomization method).

= Lower limit of quantitation (guide)
Approximately 2.0u g/100mL (as vitamin Bi2)
Approximately 1.0ppb (as Co)

®= Measuring Method

0 Set atomic absorption to the measurement conditions
for Co.

U Create a calibration curve using a standard vitamin B
solution (40 to 80u g/100mL in this case), and analyze
unknown sample.

= Analytical Conditions

Wavelength 0 240.7nm
Lamp Current 0 12mA
Slit Width 0 0.2nm
Lamp Mode 0 BGC-D:

Furnace Program ]
O Tube: Pyro-graphite tubell

STAGE Temp.(d) Time(s) Heat Mode Flow Rate(L/min)

1 120 30 RAMP 0.10
2 250 10 RAMP 0.10
3 600 20 RAMP 0.10
4 600 10 STEP 0.10
5 600 3 STEP 0.00
6] 2500 3 STEP 0.00
7 2600 2 STEP 1.00

Abs ] 0.00341 Conc[ 0.000
Correlation coefficient[ r[1J 0.99938

Effective Calibration Curve

0.304 : : . ;
. 0.200- .
o
g
o
3
o
0.100- .

.00 * *
0.000 20.000 40.000 60.000 88.000

Concentration ( )

Cyanocobalamin

Vitamin Bi2

NH,COCH,CH CH.
NH:COCH,_ i {0 < pCH:CONH,

H,C

i

i i 0

CH,CH,CONHCH,~C—0—

CH. N
’ {i CH,OH

Cs3HgsCoN,,0,,P : 1355.38
Coa-[a-(5, 6-dimethylt imidazolyl)]-CoB-cy: bamide [68-19-9]

L Type Absorbance BG Concentration Actual Concentration Unit Position Volume Total
T-2
(50! 66.0000 r T T T j
71.000 i L L L
g -0.100  0.000 0.200 0.400 0.600 0.800
: Absorbance
UNK 0.2980 0.0120 87.2100 87.21(_)|_02ug/100m'| 1-12 5 5
Fo T T T
E r 1 1 1 3
REP 0.2934 0.0114 85.8527  85.8527 ug/100ml1 1-12 5 5
AVG 0.2957 0.0117 86.5313  86.5313 ug/100m1

Fig. 5.6.1 Measurement example 60
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5.7 Measurement of Enzyme Activity Using Shimadzu Spectrophotometer UV-3101PC - UV

= Explanation

Enzymes, being protein polymer groups that act as
catalysts in chemical reactions, have matrix specificities
and are used in many fields. There are many quantitative
methods for enzymes starting with HPLC, though in
general, chromatograph measuring involves quantifying
as a substance. However, considering the role of
enzymes, the measuring of the activity value should be
more important. This data introduces a measuring
example for glutamic oxaloacetic transaminase (GOT).
GOT, existing in nearly all mammal organs, particularly
much of them in cardiac muscles, is used in the diagnosis
of hepatitis and myocardial infarction. The principle of
the measurement is shown in Fig. 5.7.1. NADH is
measured as it reduces with the reaction, and the GOT
activity value is determined from the rate of reduction.
The sample, in accordance with the Karmen procedure,
contains MDH, LDH, NADH, L-aspartic acid and o -
ketoglutaric acid. The factor for calculating out the

activity value from the absorbency reduction rate was
obtained from the reaction shown in Fig. 5.7.2. Here, 500
M mol/L pyruvic acid is used, and the factor corresponds
to the amount of absorbency change in one minute when
the change rate is 500 IU/L. Fig. 5.7.3 shows the
measurement result. The absorbency difference was
0.076, so the factor becomes 6579.

m Analytical Conditions

Wavelength 0 340 nm
Slit Width 0 2.0 nm
React. Time J 900.0 sec
Cycle Time 0 0.50 sec

L -aspartic acid + « -ketoglutaric acid __%T
glutamic acid + oxalacetic acid

MDH

Oxalacetic acid + NADH + H* malic acid + NAD*

LDH

L -lactic acid + NAD*

Pyruvic acid + NADH + H*

Fig. 5.7.1 Measurement principle (1)

Fig. 5.7.2 Measurement principle (2)

L.a0 T T T
B - 4
' 0500
1 1 i — i i i | L
0,38 450,03 500. 30
Fame [Bia]
File Hame: EOTBLEDY File N LAIEFTHIY
537 Reggent Hlaak Ha, | 35°C Pyrirdake SE0UM in Aragenk
ah

Grewimd: M L6 1203509y Crpatian Q445 12/ESMH

Data Crlginal Dekx Drigiml

Warplmngth L e Hive g feth S L

glie Nimh z.0 3lit Width 2.1

Ty LFEs St Time Unlis S

Rprt. Tims .3 Bupct . Tjss .0

Cpcle Time= .50 Cycle Tim= 0.5

Har, af Feaagngs [ TH Hor, af Readings 1801

Fig. 5.7.3 Measurement results




5.8 Introduction of Shimadzu Automatic Dissolution Test System ADM that
Achieves High Efficiency in Dissolution Tests for Pharmaceuticals (1)- UV

= Explanation

Efforts are being made to comprehensively approve later-
developed pharmaceuticals as part of government policy
to curb drug prices in the market for pharmaceuticals
such as tablets. At the same time the Ministry of Health
and Welfare have published a notification related to the
implementation of biological equivalency tests for later-
developed pharmaceuticals. When an application is made
in connection with a later-developed pharmaceutical,
assurance that the later-developed pharmaceutical is the
equivalent of the forerunner pharmaceutical must be
provided, and dissolution tests are now obligatory. These
dissolution tests include many manual operations in the
test process, which has placed considerable difficulty and
burden on pharmaceutical manufacturers up to now.
Here, Shimadzu would like to introduce the fully
automated dissolution test system ADM developed to
alleviate the problems above. This system performs
dissolution tests in a continuous cycle for a maximum of
12 tablets with the eluant injection, tablet loading,

Fig. 5.8.1 Automatic dissolution test system

measuring, eluant discharge and vessel cleaning all being
performed automatically.

Up to six of these devices can be connected in a row and
the solving percent of each vessel can be simultaneously
measured. Fig. 5.8.1 shows an example for an individual
system and Fig. 5.8.2 shows the connection diagram.
Chart 5.8.1 shows the measurement results for the
prednisone tablet, which is one of the calibrators used by
the United States Pharmacopoeia. And Fig. 5.8.3 shows
the averaged dissolution percent curve for the six tablets.

= Analytical Conditions

Media Volume 0 900 mL
Rotation Speed 0 50 /min
Sampling Interval [ 5, 10, 15, 20, 25, 30 min.
Number of Washes [0 1
10 min 20 min 30 min Dissolution ratio Pass/Fail
@® 0.667Abs. 0.932 1.095 — 44.1% O
@ 0.699 0.952 1114 — 450% O
® 0.679 0.922 1.078 — 435% O
@ 0.716 0.960 1115 — 450% O
® 0.712 0.947 1103 — 445% O
® 0.721 0.962 1120 — 452% O
R
CV value :1.47%

Note: Values for 5 min, 15 min and 25 min have been omitted.

Chart 5.8.1 Prednisone measurement results

Pump I >

oJol

ADM

4
l

AAREEREEEERRRERRRRRERER VY

PrajesEnEnaNERRURY

A A UV-1600
(SRS RER] RERRRERYRRRRRRRRRRNRRRRENREY]
v
Eluent vessel Cleaning vessel Drain vessel

Average dissolution percentage curve
50 ] 1 1 1 1 1
1 1 1 1 1 1
1 1
O 40 f-=-=-4=-=== - ==
g 1 1
o 1 1
c 1 U
ERRCIUN Bl e -l Hi i Sttt ety
_g 1 1
@ 1
o 20 === -5f-1m === -=mm4 - mm == - - r-=--
ot 1
& 1
€ 10 F---d--mtomm Lo d Lo
ﬁ 1
1
1
0
0 5 10 15 20 25 30
Time (min)

Fig. 5.8.2 Connection diagram

Fig. 5.8.3 Prednisone dissolution percentage curve
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5.8 Introduction of Shimadzu Automatic Dissolution Test System ADM that
Achieves High Efficiency in Dissolution Tests for Pharmaceuticals (2)- UV

= Explanation

Pharmaceutical manufacturers make great use of
dissolution tests in the formulation and quality control of
drugs, mainly for tablet medicines. The totally automated
dissolution test system ADM fully automatically injects
eluant, loads tablet, measures, discharges eluant and
washes vessel. And it is vital that this "washing" be
checked to confirm thorough implementation. This data
introduces a study on this washing efficiency.

In order to comprehend the washing efficiency, No. 1 and
No. 8 sample holders were filled with just distilled water
and measured, while sample holders No. 2 through to No.
7 were loaded with prednisone tablets and measured.
Chart 5.8.2 shows the measurement results and Fig. 5.8.4
shows those results in graph form. Washing efficiency is
sufficient if the absorbency of No. 8 is close to zero, and
a glance at Chart 5.8.2 shows that the absorbency value
of No. 8 is in fact close to zero, which means that
washing is close to being flawless.

Moreover, this device is equipped with a feature that
enables "direct" measuring of the temperature in vessels.

@ Distilled water 0.000Abs.
(@ Prednisone 1 1.068
@ Prednisone 2 1.077
@ Prednisone 3 1.108
(® Prednisone 4 1.096
® Prednisone 5 1.102
(@ Prednisone 6 1.090
(® Distilled water 0.005

Chart 5.8.2 Measurement result

1.2

0.8

0.6

Abs.

0.4

0.2

1 2 3 4 5 6 7 8

Conventional dissolution test devices indirectly
conjecture the liquid temperature in vessels by measuring
the liquid temperature of the constant temperature bath
holding the vessels; whereas, this device directly
measures the liquid temperature by inserting a
thermometer into the vessel during sampling, which
enables greater accuracy in measurement. The measured
temperatures are automatically saved as test history on
the Audit Trail screen shown in Fig. 5.8.5 for future
reference. Fig. 5.8.6 shows the software main screen.

m Analytical Conditions

Media Volume 0 900 mL

Rotation Speed 0 50 /min

Sampling Interval 0O 5, 10, 15, 20, 25, 30 min.
Number of Washes 0O 1

O e |
e iy
s
| Tima n—llﬂﬁ“lamlTﬁTIaulrrp
I
*; o [TEITEITII) oK Hi |
SHL I 4208 pe | 0.0 AR oK H Wi H |
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Fig. 5.8.5 History record screen

Fig. 5.8.4 Measurement result graph

Fig. 5.8.6 Software main screen




5.9 Analysis of Histamine Using a Spectrofluorophotometer - RF

= Explanation

Histamine is one type of autacoid seen in various flora
and fauna tissue and as a physiologically active amine it
has many pharmacological activities for the likes of
telangiectasia, smooth muscle contraction of bronchial
tubes and intestines, etc., and gastric acid secretion
stimulation. It is also known for its role in
neurotransmitters, inflammation and wound treatment
and cell multiplication.

In the case of food products, histamine tests are
conducted in examinations for fish decay tests and
substances that are the origin of allergic food poisoning.
Measurement methods include thin-layer chromatography
and high-performance liquid chromatography, but this
data introduces a measurement example using
fluorescence spectrophotometry incorporating the easy-
to-operate fluorophotometer.

Generally 0-phthalaldehyde, having alkalinity, reacts with
primary amine to form a fluorescent substance. This
reaction solution is acidified to remove most of the
amine-caused fluorescence, except for histamine and
some amino acid condensates. Also, the amino types
other than histamine can be removed through washing the
n-butanol eluate with a sodium chloride saturated sodium
hydroxide solution. Fig. 5.9.1 shows the pretreatment
method. And Fig. 5.9.2 and Fig. 5.9.3 show the
calibration curve and fluorescent spectrum (60ng/mL).

m Pretreatment

Sample Standards
(e.g,Human Blood) (Histamine Spiked H,0)
4me 2me
Nac2 1 200mg
n-butanol 5mé

3N NaoH 0.4m¢ ﬁ(
(Shake and Centrifuge)

(Top layer:4 me)
0.12N HCZ2 2.4m2
n-heptane 7.6mé

(Shake and Stand upright)
(Bottom layer: 2 m2)

IN NaoH 0.4m¢ ———————+f-----ooooeeeeeen 0.4mg—
(mix) (mix)

0.2% o-phthalaldehyde 0.1mg—sf---------------- 0.1me—

(Stand in ice-water bath;40min.) (ice/H.0;40min.)

2M H,PO, 0.2m@ ———————+f----ooemmmeeean 0.2me

or 3N HCL (Equilibrate to room (Equil to RT)

temperature) l 1

measure measure

Fig. 5.9.1 Pretreatment

= Analytical Conditions

Scan Mode O Spect

Select Mode [ Em

Slit Width O 5nm (Em,EX)
Scan Speed O Slow
Response(sec) [0 Auto
Sensitivity O High

A Range O 350-600nm(Em)

200.00

2%0. 00 - -—

200,00

TP & S—

a.nn

2%0.0 400.0 sea.0 soe.

200,00

Fig. 5.9.2 Fluorescent spectrum of standard sample (60ng/mL)

CALIBRATION  CURVE
AMALYST;
METHOD; FiXED 2
UNIT: wo/m!

10, CANC.

0.000
239.888, 4 20.000

1
. Z
/ 3 40,000
4 60,000
5

80.000
FLUO. 4

1.820
0.000

T T T 1
ooNc, 80.000

FLUG,
1.820
61.214
116.055
175.150
239.838

Fig. 5.9.3 Calibration curve
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5.10 Purity Test and Confirmation Test Conforming to Japanese Pharmacopoeia - UV

= Explanation

There is a great accumulation of spectrophotometer
history accompanying the measuring of elements in
liquids using spectrophotometers, which are currently
used in many fields as an established analysis method.
This same method also is used for pharmaceuticals. And
this data introduces the confirmation test and purity test
using the absorbency ratio method from the methods laid
down in the Japanese Pharmacopoeia.

Sodium Salicylate Purity Measurement with
Absorbency Ratio Method

Dry sample, accurately weigh this out to 3.159g * f to
3.227g * £, accurately add 20mL of 1N hydrochloric acid,
accurately add 25mL of dioxane, allow time for
dissolving, then add 1mL of thymol blue dioxane test
agent, and top up with water to make a S0mL solution.
This solution is used to conduct a purity test using the
absorbency ratio method. Using water as a contrast,
measure the absorbencies Al and A2 at 435nm and
551nm wavelengths. The value for absorbency ratio r is
determined from the equation r = A2/(Al1 + A2). The
value for x is determined from the obtained r value and x
- rcurve.

Sodium salicylate weight: 3.2022g * f * x

(X} It i 1 5,480 i
B ! ] z
= R §
(X ' ! 0.3 %Sgg
| i
P13
020 :Eis*
:

N

e e T .. T
LY an "e L1 "0

- £1:70:60 81/50/0001 -- WIMLIIIS 40 SYALBNEAVY --norrmmnmmmmeenmm:

Fig. 5.10.1 Absorption spectrum for sodium salicylate

Measurement for Confirmation Test

1. Cyanocobalamine

The cyanocobalamine confirmation test involves
confirming the existence of a local maximum of
absorbency between 277 and 279nm, 360 and 364nm and
548 and 552nm wavelengths. Fig. 5.10.2 shows that these
prerequisites are fulfilled.

2. Riboflavin

The local maximum of absorbency must exist between
265nm and 267nm (A1), 372nm and 374nm (A2), and
444nm and 446nm (A3) wavelengths. A1/A2 should be
confirmed as 0.314 to 0.333 and A3/A1l as 0.364 to
0.388. Fig. 5.10.3 shows the absorption spectrum.

m Analytical Conditions
Measuring Mode [ Absorbance
Slit Width 0 2nm

Scan Speed O Middle

sk :
hbg %
:
a8% H]
. g
8

4.5 ; ; - = - i 485 i

20,00 .0 008 560,60 L X}

Fig. 5.10.2 Absorption spectrum for cyanocobalamine
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Fig. 5.10.3 Absorption spectrum for riboflavin




5.11 Measurement Examples Using Protein Analysis Program Pack - UV

= Explanation

For protein quantifying using spectrophotometers, the UV
absorbency method employing 280nm absorbency
peculiar to proteins and the coloring method that
measures protein concentration with a calibration curve
using a coloring reagent are well known. This data
introduces the Lowry method and the Biuret method
using a protein quantitation program pack that works for
the four types of coloring method (Lowry, Biuret, BCA
and CBB) and the UV absorption method.

Lowry Method

The Lowry method is a combination of the Biuret
reaction, in which peptide linkage in protein reacts in
alkalinity with Cu’+ to create a reddish purple complex,
and the reaction in which proteins such as thyrosin,
tryptophan and cystein react with phenol reagents to
create a deep blue color. Absorbency is measured at
750nm for low-density protein and 500nm for rich
protein, and quantified using the calibration curve
method. Fig. 5.11.1 shows the measurement result for
bovine blood serum albumine and Chart 5.11.1 shows the
measurement conditions.

= Analytical Conditions

Measuring Mode [ Absorbance
Slit Width 0 5nm
Scan Speed O Fast

Biuret Method

Protein reacts with Cu*+ in alkalinity to create a reddish
purple color. This coloring occurs with the formation of
the complex because the Cu’*+ combines with the nitrogen
atoms in the polypeptide chain that has lost its proton.
This is called the Biuret reaction. In the Biuret method,
absorbency is measured at 540nm wavelength of this
color, and protein is quantified by the calibration curve.
In comparison with the Lowry method, the level of
coloring of the Biuret method is not very good, but the
coloring percentage varies only slightly depending on
protein types. Fig. 5.11.2 shows the measurement result
for bovine blood serum albumine and Chart 5.11.2 shows
the measurement conditions.

Quantitation

Lowry method

| 500.0nm | 0.000A |

1. Calibration Curve : Multi-point calibration curvel
(secondary)
Standard sample : 80

2. Wavelength : 500.0nm[O
3. Repeat : 10
4. Unit: pg/ml

Quantitation

Biuret method

| 540.0nm | 0.098A |

1. Calibration Curve : Multi-point calibration curvel
(secondary)
Standard sample : 500

2. Wavelength : 540.0nm0
3. Repeat : 10
4. Unit: mg/ml|

Chart 5.11.1 Measurement conditions

Chart 5.11.2 Measurement conditions

| 500,0nn[ -0,056A |

0,571

ABS

0.04

0.0000 19/nl 500,00

[ 540,0nn] 0,100A |

0,199

ABS

0,000

0.0000 mg/nl 4,0000

Fig. 5.11.1 Calibration curve for bovine blood serum albumine

Fig. 5.11.2 Calibration curve for bovine blood serum albumine

66



67

5.12 Enzyme Reaction Measurement Using Kinetics Software - UV

= Explanation

Spectrophotometers are generally used with the aim of
quantifying specified elements in samples when such
samples are solutions. This data introduces a method
where a specified wavelength absorbency change is
measured along time sequence to quantify elements in the
sample. Kinetics or Time Course measurement mode is
used in this method.

Measurement of Creatine Kinase Activity Value
in Blood Serum

Creatine kinase (CK) in blood serum makes ATP by
phosphorescing its coexisting ADP in order to create
creatine from creatine phosphoric acid. This ATP
phosphoresces to form glucose due to the existence of
hexo-kinase (HK). NAD is reduced into NADH to turn
the created glucose-6-phosphate into  6-
phosphogluconate. Therefore, the CK activity value can
be determined by measuring the increased amount of
NADH. Fig. 5.12.1 and Chart 5.12.1 show the
measurement of absorbency changes at the 340nm

Time Course Measurement of Coloring in
L-Glutamic Acid

When L-glutamic acid is acidified using L-glutamic acid
oxidase, hydrogen peroxide is formed. If this hydrogen
peroxide is passed through a peroxidase blue pigment and
measured using a spectrophotometer, the L-glutamic acid
can be quantified. The time required to create the pigment
and the stability of the created pigment must be checked
in advance when quantifying samples that have been
colored. Fig. 5.12.2 shows the absorbency change at
595nm during the 20 minutes after the coloring operation.
Absorbency became stable after 5 minutes and held a
stable value for 20 minutes. (The sample was provided by
Yamasa Corporation.)

= Analytical Conditions

Measuring Mode [0 Absorbance

wavelength, and the increase percent A A/min multiplied  gjit Width 0 5nm
by the coefficient to determine the CK activity value.
Scan Speed O Fast
Kinetics [ 340.0nn] 0.779A | Kinetics [7340.0nn] 0,7794 |
1,084 T ‘ 1LO8ATT
oo t—— | i
i it
0.004 || N 0.004 ||
00.0sec 100/div  630,0sec 00.0sec 100/div  630,0sec

Fig. 5.12.1 Reaction curve for creatine kinase in blood serum

Kinetics [ 340.0nm] 0.786A |
Sample No | Initial Value(Abs) | & A/min | ACHVtY
1 0.4901 | 0,0079| 39,322
2 0.9215 | 0.0115| 57,402
3 0.5793 | 0,0201| 100,11
(lu/ £)

Chart 5.12.1 Activity value of creatine kinase in blood serum

Fig. 5.12.2 Time sequence measurement after coloring for L-glutamic acid standard product




5.13 Measurement of High-Speed Reaction Using a Stopped-Flow
Device and MultiSpec-1500 - UV

= Explanation

All spectrums from 190nm to 800nm can be measured in
0.1 sec with the Shimadzu photodiode array
spectrophotometer MultiSpec-1500 to enable observation
of high-speed reaction. The data below introduces
examples where reactions were sought using a
combination of the MultiSpec-1500 with a stopped-flow
attachment (solution mixing device).

A solution containing cytochrome c is mixed with an
equal amount of ascorbic acid solution using the 2-
solution mixing type stopped-flow attachment, and the
reaction change was observed in time sequence.

Fig. 5.13.1 shows the obtained spectrum. The spectrum
was measured at one-second intervals.

The 414nm peak is a characteristic peak of acidified
cytochrome c. The intensity of this peak reduces and a
reduction type peak appears at 410nm. In high-
absorbency range, absorbency at 520nm and 550nm is
increased. Inversely, absorbency decreases at 355nm. Fig.
5.13.2, Fig. 5.13.3 and Fig. 5.13.4 show extracted results
of absorbency changes at each wavelength (520nm,
550nm and 355nm).

= Analytical Conditions
Measuring Mode [0 Absorbance
Wavelength Range [ 3000 600 nm
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Fig. 5.13.1 Cytochrome c reduction by ascorbic acid

Fig. 5.13.3 Absorbency change at 550nm
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Fig. 5.13.2 Absorbency change at 520nm

Fig. 5.13.4 Absorbency change at 355nm
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5.14 Analysis of Pharmaceutical Residual Solvent (Observation of Separation) (1) - GC

= Explanation

At the International Conference on Harmonization of
Pharmaceutical Requirements for Registration (ICH), the
issue of unifying the pharmacopoeias of the participating
countries was set as topic. In accordance with this,
Japanese Ministry of Health and Welfare sent a
notification dated the 30th of March 1998 carrying the
guideline for pharmaceutical residue solvents to the
hygiene authorities of each metropolis and district. A
summary of the guideline contents is provided below.
Also, Chart 5.14.1 shows the solvents specified in class 1
and class 2 together with their controlled values and the
retention index (IX) for each solvent in capillary columns
DB-624 and DB-WAX.

= Pretreatment

Mixture of class 1 and class 2 solvents with n-paraffin
mixed in for retention index calculation was injected as
sample.

m Summary of Guideline

= Analytical Conditions

Instrument 0 GC-17TAAFw
Column 0O 1).DB-624 60mx 0.32mm i.d.
df=1.8uym
2).DB-WAX 30mx 0.32mm i.d.
df=0.5pum

Col.Temp. 0 4000 40 /min0d 2600

Inj. Temp. 0 2800

Det.Temp. 0 2800 (w-FID)

Carrier Gas O He 30cm/sec

Injection O Split 10 50

References

See Shimadzu GC Datasheet No. 24 for details
concerning separation results for each type of column for
the 85 organic solvent elements including target elements
for working environment measurement.

that can individually detect solvents.

O Residue solvent should be reduced to a level appropriate to product standard, GLP or other quality criteria or less.
O Class 1 solvents that are known to cause non-permissible toxicity are not to be used without appropriate reasons.
O The residue of class 2 solvents that show toxicity of a specified level or above, although not to the extent of class 1, should be controlled.
O Ideally, class 3 solvents with minimal toxicity should be used.

O In the case of class 1 and class 2 solvents, tests should be performed using the gas chromatography method, etc.,

O Only in the case of class 3 solvents, loss on drying method, which does not specify the type of solvent, can be used.

Limit (ppm) | IX (DB-624) (IX (DB-WAX) Limit (ppm) | IX (DB-624) (IX (DB-WAX)
Solvents of Class 7 2-Ethoxyethanol (Etcel)O 160 7560 12390
Benzene (Bz)O 2 68601 95700 Ethylene glycol (EG)O 310 7970 16600
Tetrachloroethane (CCl4)0 4 6750 9000 Formamide (FAm)O 220 8230 O
1,2-Dichloroethane (12DCEa) 5 68601 10880 Hexane (C6)0 290 6000] 6000
1,1-Dichloroethylene (11DCEy)0 8 5300 7360 Methanol (MeOH)O 3000 4170 9110
1,1,1-Trichloroethane (111TCEa)[J 1500 6650 9000 2-Methoxyethanol (Mecel)O 50 6820 119900
O g ad Methylbutylketone (MBK)O 50 8310 110000
Salvents of Class 2 O ad Methylcyclohexane (MecycC6)[] 1180 7320 7760
Acetonitrile (AcNt)( 410 5450 102601 N-methylpyrrolidone (N-MePrldn)C] 4840 11440 17230
Chlorobenzene (CIBz)O 360 88401 12380 Nitromethane (NtMe) 50 62901 11770
Chloroform (CRF)O 60 65201 103700 Pyridine (Pry)d 200 7860 12040
Cyclohexane (cycC6) 3880 6700 7290 Sulfolane (Sulfin)d 160 13810 0O
Dichloromethane (DCM)0O 600 56001 9440 Tetralin (Tetrin)O 100 122000 156500
1,2-Dimethoxyethane (12DMOEa)[1 100 67901 9350 Toluene (Tol)O 890 7940 10590
N,N-Dimethylformamide (DMF)O 1090 8610 13610 1,1,2-Trichloroethylene (TCEy)O 80 7200 1010
N,N-Dimethylacetamide (DMAc) 880 95000 14370
1,4-Dioxane (14-D) 380 7380 10830 Xylene (EB,p-X,m-X,p-X) 2170 gggggéﬁ ey
m m

Chart 5.14.1 Residue solvent limit values and retention index




5.14 Analysis of Pharmaceutical Residual Solvent (Observation of Separation) (2) - GC
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- Elements that are difficult to fully separate (elements in brackets [ 0 ]) can be fully separated depending on column temperature conditions.[]
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- Elements with bad peak shapes - EG, Fam
Fig. 5.14.1 Chromatograms of solvents using DB-624
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Sulfin elution is extremely slow. Sulfin retention time is approximately 50 min under the above conditions.

2
5

Fig. 5.14.2 Chromatograms of solvents using DB-WAX
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5.15 Analysis of Pharmaceutical Residual Solvent According to
<467> of United States Pharmacopoeia (USP) (1)- GC

= Explanation

In the United States Pharmacopoeia (USP), the
pharmaceutical residue solvent analysis methods are laid
down in <467> Organic volatile impurities, and four
methods (I, IV, V and VI) are explained in the USP23
Third Supplement. Among these, Method IV is a form of
analysis using a headspace method. This data introduces
headspace gas chromatograms of lactose; a standard
solution with water as solvent, and a test solution with
controlled elements added at 1/20 concentration. A DB-
624 wide-bore column was used for this analysis.

® Method IV Pretreatment Method
Standard solution:

Seal 5.0mL of water solution at the concentration shown
in Fig. 5.15.1 together with 1g of sodium sulfuric
anhydride in a vial.

Test solution:

Accurately measure out 100mg of the sample into a vial,
add 5.0mL of water (or solvent recorded in clauses) and
1g of sodium sulfuric anhydride, and seal the vial.

After leaving the vial to stand for 60 min at a constant
temperature of 80 , analyze the headspace gas.

= Analytical Conditions

Instrument 0 GC-17TAAWFw O HSS-4A

Column 0 DB-624 30mx 0.53mm i.d.
df=3.0p m

O silica column deactivated with
phenylmethyl siloxane,
5mx 0.53mm i.d

Guard Column

Col.Temp. 0 400 (20min)0J 100 /min0 2400 (20min)
Inj.Temp. 0 1400

Det.Temp. 0 2600 (w-FID)

Carrier Gas O He 35cm/sec

Injection O Direct

Sample Thermostatting 0 80 0 60min
Headspace Injection Volume [0 1mL

Organic Volatile Impurity Limit(ppm) Standard Conc.(u g/mL)
Benzene(Bz) 100 2
Chloroform(CRF) 50 1
1,4-Dioxane(14-D) 100 2
Methylene Chloride(DCM) 500 10
Trichloroethylene(TCEy) 100 2

Chart 5.15.1 USP controlled elements and controlled values together with standard solution concentrations




5.15 Analysis of Pharmaceutical Residual Solvent According to
<467> of United States Pharmacopoeia (USP) (2)- GC

mvV

DCM
BZ
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104
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0 5 10 15

Fig. 5.15.1 Headspace gas chromatogram of standard solution

DCM CRF Bz TCEy 14-D

Separation rate (R) 16.6 6.4 9.4 5.8
CV value (%) 1.42 1.08 1.51 1.72 3.34

Chart 5.15.2 Separation rate and CV value for each peak
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Fig. 5.15.2 Headspace gas chromatogram of lactose with 1/20 controlled elements added



5.15 Analysis of Pharmaceutical Residual Solvent According to
<467> of United States Pharmacopoeia (USP) (3) - GC

= Explanation = Analytical Conditions
Method V is an analysis method that involves direct  |nstrument [0 GC-17AAWEW
introduction of the sample. The GC conditions are the Column 0 DB-624 30mx 053mm i.d.
same as Method I'V.

df=3.0p m

Guard Column O silica column deactivated with
phenylmethyl siloxane,
5mx 0.53mm i.d

= Method V Pretreatment Method
Accurately measure out the sample, dissolve it in water
(or solvent recorded in clauses), and prepare

approximately 20mg/mL of solution at the already known  Col.Temp. [J 400 (20min)dJ 100 /min 0 24000 (20min)
concentration. And analyze directly this solution. Inj.Temp. 0 1400
Det.Temp. 0 2600 (w-FID)
Carrier Gas 0 He 35cm/sec
Injection O Direct
mv
400
304
20| g
a N
oM
o i) Q
NS N U
10
0 5 10 m‘lig

Fig. 5.15.3 Direct introduction gas chromatogram of standard solution (solvent: water)

<Reference>
USP GC[J] Phase Composition] J&W Phasel]
Phases 0 Recommendation

G1 Dimethylpolysiloxane oil DB-1
G2 Dimethylpolysiloxane gum DB-1
G3 50% Phenyl 50% methylpolysiloxane DB-17
G5 3-Cyanopropylpolysiloxane DB-23
G6 Trifluoropropylmethylpolysiloxane DB-210
G7 50% 3[] Cyanopropyl-50% phenylmethylsilicone DB-225
G14 Polyethylene glycol (average molecular weight of 9500] 1,050) DB-WAX
G15 Polyethylene glycol (average molecular weight of 3,000 3,700) DB-WAX
G16 Polyethylene glycol (average molecular weight of 15,000) DB-WAX
G17 75% Phenyl[] 25% methylpolysiloxane DB-17
G19 25% Phenyl[ 25% Cyanopropylmethylsilicone DB-225
G20 Polyethylene glycol (average molecular weight of 380[] 420) DB-WAX
G25 Polyethylene glycol TPA (Carbowax 20M terephthalic acid) DB-FFAP
G27 5% Phenyl[] 95% methylpolysiloxane DB-5,DB-5ms
G28 25% Phenyl[] 75% methylpolysiloxane DB-35,DB-35ms
G32 20% Phenylmethyl[] 80% dimethylpolysiloxane DB-35,DB-35ms
G35 Polyethylene glycol & diepoxide esterified with nitroterepthalic acid DB-FFAP
G36 1% Vinyl[l 5% phenylmethylpolysiloxane DB-5,DB-5ms
G38 Phase G1 plus a tailing inhibitor DB-1
G39 Polyethylene glycol (average molecular weight of 1,500) DB-WAX
G41 Phenylmethyldimethylsilicone (10% phenyl substituted) DB-5,DB-5ms
G442 35% Phenyl[] 65% dimethylvinylsiloxane DB-35,DB-35ms
G43 6% Cyanopropylphenyl] 94% dimethypolysiloxane DB-624,DB-1301

0O From J&W Scientific 1996/97 GC Technical Referencell I

73 Chart 5.15.3 Gas chromatograph mobile phases regulated under USP



5.16 Analysis of Pharmaceutical Residual Solvent
(Standard Sample Analysis Using HS-GC) (1) - GC

= Explanation

This data introduces analysis examples using the
headspace gas chromatograph method for solvents
specified as class 1 and class 2 in the guideline for
pharmaceutical residual solvents in a notification from
the Ministry of Health and Welfare (March 30, 1998)

= Pretreatment

On the assumption that the sample for analysis
(pharmaceutical) has been diluted 100 fold in water or
another suitable solvent (for example: dissolve 0.20g of
pharmaceutical in 20mL of water), water solutions of the
controlled elements were prepared to 1/100 concentration.
(Note that 1,1,1-trichloroethane has an extremely high
controlled concentration in comparison with the other
elements, so it was prepared at 1/10000 concentration of
the controlled value.) These SmL batches of these
solutions were sealed in vials, stored for one hour at a
constant 80 , and the headspace gases analyzed.

= Analytical Conditions

Instrument 0 GC-14BPFsc

Column 0 DB-624 30mx 0.32mm i.d.
df=1.8py m

Col.Temp. 0 400 (20min)0 100 /min0 2400

Inj. Temp. 0 1400

Det.Temp. 0 2600 (FID,ECD)

Carrier Gas 0 He 35cm/sec

Injection O Split 105

Sample Thermostatting 0 80 [0 60min
Headspace Injection Volume 0 2mIJ Option Syringel

oo oo
Chromatogram by ECD Chromatogram by FID
09 10 20 30 40mv) 2 3 4 5 (mV)
(Methanol)
= 1,1-Di 1,1-Di
5 5
1,1,1-Trichloroethane 1110
R[] i — 10 : -
- Tetrachloroethane )
1,2-Di = 1,2-Dichloroethar
(min) min)

Fig. 5.16.1 Headspace gas chromatogram for class 1 solvents

oo oo
Chromatogram by ECD Chromatogram by FID

0 @ 0 10 20 3o

Methanol

Dichloromethane Acetonitrile Dichloromethane

trans-Di trans-Di
Hexane

~4— Nitromethane
Chloroform

cl C

M

(blank)
~4— 2-Methoxyethanol

1,1,2-Trichloroethylene

Methylcyclohexane

207

Pyridine
|t Toluene

F Methylbutylketone
Chlorobenzene

C }Xylene

304 N,N-Dimethylacetamide

Il

(min)

Tetralin

Fig. 5.16.2 Headspace gas chromatogram for class 2 solvents
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5.16 Analysis of Pharmaceutical Residual Solvent (2) - GC

= Explanation

Residual analysis of organic solvents, etc., used in the
production process of pharmaceuticals can be performed
with the solvent extraction method. But this data
introduces analysis examples using the headspace gas
chromatograph method that enables easier analysis.

= Analytical Conditions

Instrument 0 GC-14BPFsc+HSS-2B

Column 0 CBP20 25mx 0.33mm i.d.
df=0.5pm

Col.Temp. 0 500 (7min)00 100 /min0 1500

Inj.Temp. 0 2500

Det.Temp. 0 2500 (FID)

Carrier Gas 0 He 1.3mL/min

Injection 0 Split 10 15

Sample Quantity 0O 1g
Sample Thermostatting 0 150 0 00 60min
Headspace Injection Volume O 0.8mL

= Analytical Conditions

Instrument 0 GC-14BPFsc+HSS-2B

Column 0 CBP20 25mx 0.53mm i.d.
df=1.0pm

Col.Temp. 0 400 (8min)d 100 /min0O 1800

Inj.Temp. 0 2200

Det.Temp. 0 2200 (FID)

Carrier Gas 0 He 5.3mL/min

Injection O Split 10 3.4

Sample Quantity [ 0.25¢g
Sample Thermostatting 0 800 [0 40min
Headspace Injection Volume (1 0.8mL

= Pretreatment

The samples for analysis (pharmaceuticals) were sealed
in vials, stored at a specified constant temperature for a
specified time and the headspace gas analyzed.

Il Peaks
| Hexane
2 Ethyl Acetate
3 Acetonitrile

3(216ppb)
2(397};:;7%

1(67ppb)

| ——

0 4 8 (min)

Fig. 5.16.1 Headspace gas chromatogram of pharmaceutical raw material (liquid sample)

Wl Peaks
| Hexane -‘
2 Acetone
3 Ethyl Acetate
4 Methanol
5 Methylene Chloride
6 Acetonitrile

é (min)

Fig. 5.16.2 Headspace gas chromatogram of pharmaceutical raw material (powder sample)




5.17 Analysis of Residual Solvent in a Powdered Medicine - GC

= Explanation

This data introduces analysis of two types of powdered
medicine using the headspace gas chromatograph
method.

= Analytical Conditions

Instrument 0 GC-14BPFsc+HSS-2B

Column 0 CBP20 25mx 0.53mm i.d.
df=1.0pm

Col.Temp. 0 600

Inj. Temp. 0 2200

Det.Temp. 0 2200 (FID)

Carrier Gas 0 He 4.9mL/min

Injection O Split 10 4

Sample Quantity O 0.5g
Sample Thermostatting 0 150 0 0 30min
Headspace Injection Volume ' 0.8mL

m Analytical Conditions

Instrument 0 GC-14BPFsc+HSS-2B

Column 0 CBP20 25mx 0.53mm i.d.
df=1.0pm

Col.Temp. 0 500 (5min)0 100 /min 1800

Inj.Temp. 0 2200

Det. Temp. 0 2200 (FID)

Carrier Gas 0 He 5.3mL/min

Injection O Split 104

Sample Quantity O 0.3g
Sample Thermostatting [ 80 0 [0 40min
Headspace Injection Volume (1 0.8mL

m Pretreatment

The samples for analysis (pharmaceuticals) were sealed
in vials, stored at a specified constant temperature for a
specified time and the headspace gas analyzed.

H Peak
| Chloroform
1(81pm)
T 1
0 4 8 (min)

Fig. 5.17.1 Headspace gas chromatogram of powdered medicine A

W Peaks
I Ethyl Acetate
2 Ethanol

1(616ppb)

2(336ppb)

r T T

0 2 4

1
6 (min)

Fig. 5.17.2 Headspace gas chromatogram of powdered medicine B
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5.18 Analysis of Residual Solvent in Pharmaceutical Bulk - GC

= Explanation

This data introduces analysis of residual solvents (MEK
and toluene) in pharmaceutical bulk. To provide a
sensitivity comparison, one sample was sealed in a vial
by itself and another was saturated in water and sealed in
a vial.

m Pretreatment

One sample (pharmaceutical bulk) was sealed in a vial by
itself and another was saturated in water and sealed in a
vial, and both were stored for one hour at a constant
temperature of 150  and the headspace gas analyzed.

= Analytical Conditions

Instrument 0 GC-14BPFsc+HSS-2B

Column 0 ULBON HR-20M 25mx 0.32mm i.d.
df=0.25pu m

Col.Temp. 0 500 (7min)dJ 100 /min0 2200

Inj. Temp. 0 2300

Det.Temp. 0 2300 (FID)

Carrier Gas 0 He 1.3mL/min

Injection O Split 10 14

Sample Quantity [ 0.3g
Sample Thermostatting 0 150 0 0 60min
Headspace Injection Volume 00 0.8mL

B Peaks
| MEK
2 Toluene
2(1.66mm)
1(0.86mm)
r T T 1
0 4 8 12 (min)

2(105. 7pm)
Hl Peaks

| MEK
2 Toluene

1(7.50pm)
__;___A_JL_,J \\

0 4 8

1
12 (min)

Fig. 5.18.1 Headspace gas chromatogram of pharmaceutical bulk

Fig. 5.18.2 Headspace gas chromatogram of pharmaceutical

bulk with 300(L of water added




5.19 Analysis of Ethylene Oxide in Antiseptic First Aid Adhesive Tape - GC

= Explanation

This data introduces analysis of residual ethylene oxide in
antiseptic first aid adhesive tape using the headspace gas
chromatograph method.

m Pretreatment

An adhesive tape was sealed in a vial by itself, stored for
30 min at a constant temperature of 100  and the
headspace gas analyzed.

= Analytical Conditions

Instrument
Column

Col.Temp.
Inj. Temp.
Det.Temp.
Carrier Gas
Injection

|
|

|
|
|
|

|

GC-14BPFsc+HSS-2B
CBP20 25mx 0.33mm i.d.
df=05p m

500

20000

2000 (FID)

He 1.3mL/min

Split 10 15

Sample Quantity [ 3 Sheets (19)
Sample Thermostatting [ 1000 0 30min
Headspace Injection Volume 00 0.8mL

W Peak

| Ethylene Oxide

—
4 (min)

Fig. 5.19.1 Headspace gas chromatogram of three antiseptic first aid adhesive tapes
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5.20 Simultaneous Analysis of Ascorbic Acid and Dehydroascorbic Acid (1) - LC

= Explanation

Ascorbic acid (AA) and dehydroascorbic acid (DHAA)
are quantifiable nutrients as total vitamin C in the human
body, which means they are widely analyzed in fields
such as clinical medicine, biochemistry, food chemistry
and pharmacology.

AA and DHAA separation is possible when both elements
are being analyzed using the HPLC method. However, in
comparison to AA, DHAA has a shorter local maximum
of absorbency wavelength (225nm) and the absorbency
coefficient is small so that actual measuring with the
direct detection method is difficult because of low
sensitivity. For this reason, DHAA is reduced to AA,
quantified as the total ascorbic acid amount, and the

DHAA amount determined from the difference in pre-
reduction and post-reduction quantitative values.
Nevertheless, this requires manual operations, which can
lead to human errors in the quantitative values.
Consequently, it was found that both elements will change
to structures with a local maximum absorbency
wavelength of 300nm in an alkali state, and, moreover, in
this alkali state it was noted that DHAA sensitivity
markedly increased with the addition of reduction agents
like sodium borohydride (patent pending). Here, a series
of analysis of both elements was performed using HPLC,
and good results were obtained when the post column
derivation method was applied to this detection method.
This data introduces those results.

1 3
K
9 8
2 4
Apparatus;
A5 7 1&2:pumps 7:reactor
3:injector 8:column
10 6 5 4:column oven 9:mobile phase
% 5:UV absorption dector 10:reagent
6:data processor

Fig. 5.20.1 System outline diagram

m Analytical Conditions

Instrument 0O HPLC

For Separation

Column O Shim-pack SCR-102H(300mmL.x 8mm i.d.)
Mobile Phase [0 2mM Perchloric Acid Agqueous Solution
Flow Rate [0 1.0mL/min

Temperatured 400

For Detection

Reagant 0 100mM Sodium Hydroxide containing
100mM Sodium Borohydride

Flow Rate [0 0.5mL/min

Reactor O Piping Part J

TemperatureJ 400

Detection [0 UV-VIS Detector 300nm

AA

DHAA

Fig. 5.20.2 Analysis of standard DHAA and AA




5.20 Simultaneous Analysis of Ascorbic Acid and Dehydroascorbic Acid (2) - LC

It was realized that both DHAA and AA change into
compounds that possess the same absorbency spectrum
patterns in the local maximum wavelength of 300nm
using the previously explained alkali reaction agent. Fig.
5.20.3 shows the absorption spectrum comparison of both
elements after the reaction. Even in the case of samples
with multiple impure elements such as natural samples,
straightforward pretreatment enables individual
quantifying with detection selectivity. The results are for
comparison data using tomato juice that was diluted by
ten fold with distilled water, filtered and injected as
sample of 10y L. Fig. 5.20.4 shows the direct detection
results for an AA local maximum wavelength of 245nm

without taking a derivative. Fig. 5.20.5 shows the direct
detection results for a DHAA local maximum wavelength
of 225nm without taking a derivative. Fig. 5.20.6 shows
analysis results using the derivative system.

The detection results showed favorable linearity in the
ranges where the absolute injection volume for AA was
Ing to 2u g and 2ng to 2u g for DHAA. The detection
limit was 750pg for AA and 1.7ng for DHAA, qualitative
reproducibility for both AA and DHAA was 1% or less of
the CV value (n = 10).

BLUE --‘DHASN  BLACK:=-Ak
| | | 1 |

AA

A

—

0 5 10 (min)

Fig. 5.20.3 DHAA and AA absorbency spectrums after derivation

Fig. 5.20.4 Analysis of tomato juice using direct detection method (245nm)

AA

S DHAA

o

[
10 (min)

AA

DHAA

T T T
10 (min)

Fig. 5.20.5 Analysis of tomato juice using direct detection method (225nm)

Fig. 5.20.6 Analysis of tomato juice using the derivatization method
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5.21 Amino Acid Analysis (1) - LC

This data introduces analysis of 17 elements of sodium-
type protein hydrolysate amino acid and 36 elements of
lithium-type biogenic amino acid where each element

was separated for 33 min and 130 min periods
respectively and analyzed in 45 min and 145 min cycles
respectively.

e Analysis of 17 Elements of Protein Hydrolysate Amino Acid

m Pretreatment
The following shows sample pretreatment.

Soy Sauce
!
1/200 (V/V) dilution
!
Filtration
!
10 L injection

m Analytical Conditions

Instrument [ HPLC

Column O Shim-pack Amino-Na

Mobile Phase [J Na-type Amino Acid Mobile Phase Kit
Flow Rate [0 0.6mL/min

Temp. 0 eod

Reagent O Amino Acid Reaction-Reagent Kit
Detection [0 Fluorescence Detector[]

Ex O 350nm0O Em O 450nm

Thr
Ser

Ala
20 4 Cystine

30 Lys

Arg

(min.)

Asp
104 Thr Ser
: Pro Glu
Gly
204 ¢ Cystine Ala
Val
Met lle
~Phe VT
30 4 His Lys
(min.) Arg

Fig. 5.21.1 Analysis example of 17 elements of standard amino acid

Fig. 5.21.2 Analysis example of amino acid in commercially available soy sauce




5.21 Amino Acid Analysis (2) - LC

e 36 Elements of Biogenic Amino Acid

m Pretreatment

Serum, 50Qu [0

[— 5% TCA 500 L
Centrifuge, 12,000rpm, 3minQ
O
Supernatant, 50Qu LJ
[-— 4M LiOH, 20u L
[-— 0.2N (Lithium) Citrate[
[0 Buffer (pH2.2), 48Qu L
Mixing[

O

1Qu L Injected

= Analytical Conditions

Instrument 0O HPLC
Column 0 Shim-pack Amino-Li
Mobile Phase [0 Li-type Amino Acid Mobile Phase Kit

Flow Rate [ 0.6mL/min

Temp. 0 390

Reagent O Amino Acid Reaction Reagent Kit
Detection [0 Fluorescence Detector(]

Ex O 350nmO EmO 450nm

20

30 H

40

50

60

704

80

904

100+

110
NH; + Et-NH,

120+

(min.)

20

30

404

50 -

60

70 4

80 -

90 H

100 4

110 4

120 4

(min.)

Fig. 5.21.3 Analysis example of 36 elements of standard amino acid

Fig. 5.21.4 Analysis example of amino acid in rat blood serum
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5.22 Application in Combinatorial Chemistry - FTIR

= Explanation

In combinatorial synthesizing, the solid-phase
synthesizing method provides a comparatively highly
pure synthetic product with the merit of reactions
occurring at multiple levels; however, this method has the
demerit of being difficult to monitor in the reaction
process. As a structure confirmation method for product
material, mass spectrometry is often used, and with the
solid-phase synthesizing method, a cut out from the resin
is required. However, the FTIR is an effective method for
analyzing structure during detection of solid-phase
synthetics because it can directly confirm a structure
without cutting out the product material from the resin.
This data introduces measuring examples of peptide-
synthesized resin (beads) using the ATR method.

m Instrument

There are several kinds of single-reflection level-type
ATR devices, but for this analysis the diamond prism
level-type ATR (Dura Sampl IR system H) was used.

= Results

A dummy compound is attached to the resin surface of
the peptide synthetic and the device shown in Fig. 5.22.1
was used to measure this. Fig. 5.22.2 shows the spectrum
of the compound-attached bead. Fig. 5.22.3 shows the
spectrum of just the bead. And Fig. 5.22.4 shows the
differential spectrum for both items. The peak of the
substance attached to the surface of the bead can be
confirmed in the differential spectrum.

In this way, this method - that enables easy measuring
without pretreatment of resins in the process of being
synthesized - shows great promise for future application
as a method for confirming structures.

= Analytical Conditions

Accessory : DuraSamplIR
Resolution 0O cm?
Accumulation : 100
Apodization : Happ-Genzel
Detector : DLATGS

3500.0 3000.0 2500.0 2000.0 1750.0 1500.0 1250.0 1000.0
Attached substance on bead 1/cm

Fig. 5.22.1 External view of DuraSamplIR (system H)

Fig. 5.22.2 ATR spectrum of substance attached to bead surface
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Fig. 5.22.3 ATR spectrum of bead

Fig. 5.22.4 Differential spectrum
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