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Fig.1-1 Excitation and Emission Spectra of the Final
Reaction Mixture of Cyanide
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Fig.1-2 Structure and IR Spectrum of Fluorescence

Compound

5,5'-(1,3-pentadien-1l-yl-5-ylidene) -

dibarbituric acid hydrate

. eof LT RLL

tint 10
VIAVERUMIER CM'

9)




/9)
RCALE 2R Y, thi e )Yy, SUFVALATL

¥ 71 x‘nt&%'riaféfr—%@vo}\_’a LICR LR T,
Fig.1-2 v 7 LTty B 3385 d T W (ona 23 A,
AT F M o F M FI2da B Lok, kiva
ML AN £ RRALIIATH a3 freuiny
3 A B I A |

yA koo Fh Iz, R4 up W ooyt & 3R T3] 2R
W3 E R - Grhyie M rhry, 10
8o R LT3 R At e v d a0t (Rig
‘/fns) L) Hie VR S VAL S A 0 S (NI AR 3 A E
w2, RAEsopH, Al a0 2 W8 A

RO %R e = 20 A HAET & AT,

o2 RF AaFe

= CH O SEl B 2Bt Fig 31k TLrred
ho HpaE e B vt k. R AR AR WS
SN 0 1B SR 3B 31 L0 uM THh D




)

Fig.1l-3 Procedure for the Detérmination of CN and

SCN by Colorimetry

Samplé - 0.5ml

ke ——— 0.3M acetate buffer (pH5.0) >2.0ml

e (0.1% chloramine T 0.5ml

B

. stand for lmin

L pyridine-barbituric acid reagent
(the mixture of 30ml of pyridine,
6g of barbituric acid, éml of con-
centrated HCl and 64ml of water)

0.5ml

\'4
mix well
stand for 5 to 1l5min

A
measure the absorbance at 580nm
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?ig.l—a Effect of pH on Fluorescence Intensity
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Fig.1-7 Effect of Barbituric Acid Concentration on Fluorescence
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Fig.1-9 Effect of Temperature on Fluorescence Intesity
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Fig.1-10 Procedure for the Determination of CN_ and

SCN by Fluorometry

sa

!

mple 0.5 ml

e —— 0.3M acetate buffer (pH5.0) 2.0 ml

— 0.1 % chloramine_T , 0.5 ml

mix well ’ ) T T e

W

stand for 1 min

p— pyridine-barbituric acid reagent

( the mixture of 15ml of pyridine,

1.5 gof barbituric acid, 3 mlof

concentrated HCl, and 82 ml of water)
0.5 ml

mix well - - ST -

v

me
at

stand for 5 to LS min

asure the fluorescence intensity
Ex. 583 nm, Em. 607 nm .
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rie.2-1 Schematic diagram of liquid chromatography
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Fig.2-2 Effect of NaNOz Concentration on Retention
~Time of CN™ and SCN™
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Fig.2-3 Effect of NaCl0, Concentration on Retention
Time of CN™ and SCN™
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Fig.2-4 Effect of pH on Retention Time
' of CN_ and SCN_ -
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(pH7) containing 0.2M NaClO4

flow rate: 0.5ml/min
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Fig.2-5 Effect of Reaction Coil Length on Response
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Table2-1
Chromatogrecphic Conditions for Determination of CN™ and SCN™ by
Fluorometry ‘
column.. glass tube, ( 3mm i.d. x 100mm )
resin TSK Gel LS-222 ( 6pm )

mobile phase
chlorination

reagent

P-B reagent*

temperature

detector

sampl size

0.1M acetate buffer( pH 5.0 ) containing
0.2M sodium perchlorate ( flow rate;0.5ml/min )

0.1% chloramine T agueous solution ( flow rate;
0.1lml/min )

mixture of 1.5g barbituric acid, 15ml pyridine,
3ml concentrated hydrochloric acid and 82ml
water ( flow rate;0.lml/min )

room temperature

Shimadzu fluorescence spectrometer, RF-530
Ex.583nm, Em.607nm

20n1

pyridine-barbituric acid reagent
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Fig.2-6 Typical Chromatogram of CN™ and SCN™

CN ' SCN

Peak height
Injection
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sample; mixture of 1.0pM KCN and KSCN

injection volume, 20pl

28D
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Table2-2
Effect of foreign anions on determination of CN™,SCN™
Ion Added as . - V-Recovery %_ —
CN SCN
NO, NaNo, 80.9 101.7
No3' NaNo, 100.0 100.9
2_.
803 Na2503 95.2 100.0 .
2..
s0, Na,So, 100.0 100.0
2...
5303 NagS;03 8.2 L2
cr” NaCl 100.0 100.0
3- o
PO4 NazHPO4 100.0 101.7
2- )
B0 Na,B,0, 100.0 100.0
4_.
Fe (CN) ¢ K, Fe (CN) 95.2 101.7 -
Fe(CN)63' KyFe (CN) 103.2 100.9

.- sample: CN ; 25 uM, SCN ; 25 uM, anion; 10 mM =

- Table2-3

Effect of metals on determination of CNT, SCN™
Recovery, %
Metal Added as "7 7 0.1N NaOH 1% EDTA
CN™ SCN~ CcN~ SCN~
cu®®  cumo,), 15.8 80.5 92.1  100.0
e comoy, | 5.2 100.0 79.2  100.0
ca?t ca(noy), | 92.5 100.0 100.0 100.0
aqt AGNO, 0" "0 o0
ni®t wiso, 14.0  ._100.0 |- 34.2 _ 100.0
e’ Femwoyy | 74.0  92.5 | 100.0 1000
zn®" znso, 26.3  100.0 100.0  100.0

sample: CN_; 25 pM, SCN ; 25 uM, metal; 10 mM
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Fig.B—Jf Pretreatment for the Determination of CN™ in Biological Samples-

1. microdiffusion method

.j‘ -

(A) Conway cefl (B) Cavett flask

2. aeration method
—> —>

A B C

_A: 0.IN NaOH, B: sample in acidic soln., C: 0.1IN NaOH.
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Fig.3-2 Assay procedure for CN™ in Erythrocytes

heparinized blood

centrifuge at 1000 xG
for 10min

rythrocytes
[ i —- d 1
"total cyanide" "stable cyanide"
200pl1 wash with saline (3 times)
——20% ascorbic acid 1.0ml 200pl
stand for lhr l—water 1.0ml
diffusion of HCN under acidic stand for lhr
condition with 10% H2504(l.5ml)
diffusion of HCN under acidic *
stand for 4hr condition with 10% H2804(1.5ml)
CcN~ assay stand for 4hr

CN~ assay

Fig.3-3 Assay Procedure for SCN™ in Blood

heparinized blood

centrifuge at 1000 xG
for 10min

f ' |
erythrocytes 250pl plasma 200pl

0.3M phosphate buffer (pH8.0) . 10% HClO4 400pl

containing 0.2M NaClO4

1.25ml . centrifuge

stand for 30min N sup?rnatant
ultrafiltration with ® SCN~ assay

Amicon centriflow CF25
at 1000 x G for 20min

filtrate

SCN™ assay




TablEB-l ‘?9)
Effect of pH for dissociation of HCN

pH 6 7 8 9 10" 11 12 13

HCN
—————L——-XIOO 0 99.9.99.3 93,3 58,1 12,2 1.37 0.14 0.0l

HCN + CN™

dissociation constant of HCN ( Kq ) £7,2°x 10"10(25°C)

u3)

Fig.3-4 Effect of pH of Urine on Recovery of CN  and SCN#_

SCN
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pH of urine

urine sample; 1luM of CN , and 10pM of SCN~
» | ‘were added' 7

standing time; 30min at room temperature
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Fig.3-5> Chromatogram of Urine of a Smoker

n SCN~

I\ N

1 1 1 1 1
0 4 8 12 16

Retention time, min

(A); 20ul Of urine was injected.

(B); change the detector sensitivity

x2 to x64.

Ay
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Fig.3-6
Rote of Transfer of HCN by Diffusion with Various
Acidities ' L
A
A
o
50 | i
fAN
0 L 1 | 1
60 120 180 240
Standing time, min
@ :10% H,S0,, @ :5% H,S0,, A 1% H2SO4, A :PH 5 .

KCN; 1nmol.
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Fig.3-7 Rate of Transfer of HCN from Albumin Solution

-by Diffusion with Various Acidities

100

o
°

50

Recovery,

1 1 1
60 120 180 240

7 Standing time, min

- m@m:10% H
A:pH 5.

SO

5 4,' ® :5% sto4, "A':1% H.SO,,

KCN, 1.0nmol.
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Fig.3-8 Disappearance of CN~ Added to Plasma

2 !

Recovery,

100

50

O ad a 0 0— O

|_°_|

! | ! | 1 1

10 20 30 40 50 60
Standing time, min
0 ; saline, @ ; plasma,
1.0pM of CN was added to plasma and saline,

and the mixtures were stood at room temperature.
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Fig.3-9 Rate of Transfer of HSCN by Diffusion at Acidic

Condition
S.8.0.. .
=
o
° ®
¥ 6.0F
S|
H -
o
(0]
2 ' -

4.0k ,
0 _ ®
lz //////
Q
w . ® 1
o 2.0L [ I//
b T oa/'l
=]
g ’ ./l v R
/O | 1 1 1 1
0 1 2 3 4 5

‘ Sténdingrtime, hr
Conway Cell: outer chamber, 100pM KSCN(1.0ml),
10% HZSO4(1.5m¥);w§pper chamber, 0.2M NaOH(1.0ml),

temperature; room temperature.
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Table3-2 Effect of Haemolysate Concentration on CN™ Recovery

IXY)

Erythrocyte Water CN~ added Recovery*
ml ml M %
0.2 1.0 1.0 101.0
2.5 100.4
0.4 1.0 1.0 100.0
2.5 100.0
0.6 1.0 1.0 94.6
2.5 95.4
0.8 1.0 1.0 89.2
2.5 . 85.4
1.0 1.0 .. 1.0 .. 8l.8
2.5 ) 83.8

*Mean of three individual determinations.

Table3-3 CN™ Formation after Addition of Sulfuric Acid to
Ervthrocytes Containing SCN™

SCN~ added erythrocyte CN~ found
aM % as hemoglobin M

50 1.0 0.31+0.04
5.0 0.49+0.07

10.0 0.75+0.06

200 1.0 1.25£0.15
5.0 © 7 1.91+0.30

10.0 2.98+0.24

Stand for 4hr under acidic condition with 5% I-IZSO4
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Table3-4 Effect of Reducing Agent on CN™ Formation with
- Fe(Ill) and SCN™

agent SCN~ added CN added CN recovery
M privt %

—_— 0 1.0 100.0
200 1.0 233.8
ascorbic 0 1.0 100.0
acid 200 1.0 100.2
hydroxyl- 0 1.0 100.0
amine 200 1.0 102.2

ascorbic acid: 20%. hydroxylamine: 10%.

Table3-5 Effect of Reducing Agents on CN™ Formation with
Erythrocytes and SCN™

agent SCN~ added CN added CN recovery
JUC nM 2
0 1.0 98.9
200 1.0 398.0
ascorbic 0 1.0 100.6
acid ’
200 1.0 102.8
hydroxyl- 0 _ 1.0 99.6
amine

200 1.0 104.4

7
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"Table3-6
Determination of CN™ and SCN™ in Human Blood Samples

‘subject C ervthrocyte, e "plasma
‘ total CN  stable CN  SCN~ SCN
M ™o
I.T . . .0.15 .. .. 0.15 .  10.6 - . 13.3
*s.T  0.42  0.40 80.8 82.8
*K.0. ' 0.44 0.42 84.7 90.0
¥, 0.27 0.27 8.0 12.0
K.K.  0.15  0.15 12.4 17.5
I.X. 3 0.13  0.13 19.3 28.6
*T D, - 0.27 0.25 34.7 44.4

*:; smoker
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Fig.4-1 Effect of Incubation Time on Concentration of “Stable
Cyanide” and “Total Cyanide” in Erythrocytes
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Fig.4-2 Effect of Incubation Time on Concentration

of SCNfvin,Plasma,and‘Erythrocytes

plasma o

4.0 . . . i
| '5——E -e—%§

-erythrocytes I

concentration, uM -

30 60 90 -

“'Incubation time, min -

Heparlnlzed blood contalnlng 2, 5pM of SCN was

hlncubated at 37°



| 67)
30 A9 §hH R &ERE 6) 13 SCNT o) 2§ pa o\ BE, B 3 b
R, HIE LT FIABE T ) SL, SATA, 2R
oL £ 298 1% J s KeN % pa 22 SCN ™ o +8

0 % FH TR
R, Fm il e JAAREE TR Ve e
NG SCN R B G 3 R oy A3 v2 03z en\ R
NI, R, FREAM BFAE e L2 2254y, 32F >
LN AN TP\, SeN o £ F\qﬁ:fﬁ_ T 3 N A

-4 ARV 0 Ylowanale oldane 3F 4t
70% 0 d @ kR @ L//, /0% AR 90K
CrRALR @A R 13 ARFREY 0B A
Vi \\%5%,\ 12 ’A;’é L‘/70) ARAZRDE Y 0 vB YL 9\ S Enlz,
Lo 02l « PH23 005 2.4 320 5518 R3] $Lo
RY>BE - 7L B 254875 .64 12 3585 92, -
iz 0.3 M KSeN 0.3.4 T L TR AL, 327°C 2
oA koA -t Ah, BR RIVATEOT N PR 20 B 5
L, N e T7wo) 18 %4 3. YAEn124F 15y N g
AMEAWLIN R 2 B R Fig «-¢ 1SR F. T,



70)

Fig.4-3 Effect of Some Sulfur Compounds on SCN~

Formation in Erythrocytes
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with KSCN at various pHs

18 F
=
1
I 0
(e}
w2
o
+—
j
[¢3]
(&)
S 8r
(@]
1 (0]
= (@) o
(-

4L pd

/////,/o
O
g — 1 1 1 1 i ] 1
2 3 4y 5 6 7 8

pH of sample

Experimental conditions were described in the text.




7/)
PH2Z3 s 1" pH 2 ¢ = 017 3 KON 9 28 va @ iz 317

e 17 w7, b2.461 8 Y% hs Ik

po5 BB

LR F VD CNT, SN A B R feor 1oAY 30
awT I R AT, IR,

CNTUY, RO R AR AN\ & st w3
lc.d’\"ﬁthﬂ\ﬂfz. LRG0\ 7 pXable aym%z Tl i
322w\ (Rig - %-7) tn vitko 1z w2, &
st Fo NESOE YA BhiLTh, AFAET O o)
YL, SY/ARNRIOEY LI G LI Eac
Ersiia. Lel, 23R8 pHAM T2 eV 11 27
VhudR i 33 e A Loh (Tasle 3-1) =
Tons Ak ok @ SRR RS U A0 SRS b AL 7 2
Trw. %, gy f\i’i“ VAT E) IR, @ B oo LT
G E DA 1, W ko eephedtex G-/40 1 7§
VR U5 A (WAL 22mm, T2 J00,um) 22T W3 1B U,
DY) AE LR ETITI VIR A0 N 3K
MWER R ER R S R 0 AER, EARE @A




_ 7z)
et & A, T @ AR 0T LN T & YR

FRAATL, RAGERa GG N nhERRZ
MAEN N Shic, 205, - 207 ) @A
BMY 33 2nva"5323v 0 G473 @/ Nk 0nlh
CN"4 @ R & oV AR FUIR. b vive R 0T N
G ExnkRHE R E 13 <F b, o Ry
BN WG B REE T A CELGRD N, e
BEER-S:T AT FRTE I ST AN
A Ee R W abiirov2 g5
13%, Rig. 4-5-FFIhiz B2 VU3

-7, SN lru7, c/\/—“lg]?ihfﬂl‘/fi\#’zv)
%0 2 % 30~ TR

AR SR F g R K rove, E,
M ATv R, DA TRATV Ire Az /o7 R30S
AW SR O Y G e n\ G G 3w SN LT
LR 4 AF FVU, AT L2 ELZ g e
N B (FI4-2). -

%, WAL RITRIWT SN oM IR onT Ak,
P it oNT SENT1=ATEHr 3 2 @h & o B, R




1\}'\,2U%"D\'/‘/} J}J/E%*u@‘s?‘\/i?f‘/’c%:ﬁgt‘*@’?

Rhodansee (3 Ho sz w0 @ % £ oy i3
ok F M IR, T @ 2 F o Rbedansez o B
bt MR 200 T3t enss. ¥ dm il
t B Ak o Bedd ko 2 ThizetA ok, Aun
n el oV IR 4% 2 D,

NEYOeY o Thiveganale onddace 3 1 1, 34
NEEER, PHASATI M 22 AvAan-} 4 3%
SNV 5 CN T2V B b HCE R G 3 2 e 2V b e s Ik,
Goldstein 5703, W Hh 0 B3R % 47 v & @ 3E # (o
1 2@ PHAY 0 Thdooyanale atwlece 9\ 1343 § 32
CR AR B V20D Lol 4R 59 7 3E T Veasy 57
WA LT W B Eh Iz, pHAU T AYRan Ak FY
700 BE@BE L vo L2 Fotc iz paBr l/=/?>//$u;>}cf§zc
BEME Lz ey PRy, sev o5 ke is
AT eV BB e nsd, . RERHE L
it orbbd HEERTIEL A
A5 Vewey 5 03833 E LB w o b3y
~F VUL, KSeN o R b7 95 % ﬁo:_ |




74)

Vet LIRAN eV E g 2P o Bt g3
KSCN O #2 5. (0. mg fig ) % 3 & 1= Y2 4T
ORI ANE N = A SN VAR AN N i SR - I o A NP
PR, YRR 0SB 5Y dab g i 0E SV NG ea)”
R R ARG el FR IO,
RGNV £ A LIk e L2 BB T KR UL, 1o
NN B MERE B G F el B rir

Lnl, KSCNH A G 5 1153 2794 0 in
% 22w, Rhodansee 12 F 8% & 43 F o\ 47 5 o\
NBE T MR 2D e, KB SN AR
Ty ¥hedlzko=F ARy ahettil Bk

Bumgewnd 5.

Fig.4-5 SeveraliPossible'Metabolic_Pathways of Cyanide

ERYTHROCYTES : PLASMA

STABLE LABILE [<——= | FREE «— BOUND

CN” 7T eNT TP Nt e

\]

| -
ﬁ;i/,

CN ——— > SCN_ 4—— 5 URINE
rhodanese

LIVER




78)
¥ 5 ﬁ-— n BT & Setium S NuBroprueiole N
KB B~ o R A

Sodusim Nilropruagdl (LAF SN P « 85 32) 12,
Rig. 5=l nd rh R334m0 AL S4Bl »7)
. |
BroBNt v hz. /7874 Mmb“)v;
SNPo @ AT & L2l o\ AR 3% T 230
o M A BN E T, RE T
AR R T w7

SNPo s BT TAF @I, mBAH G
E L BUc 52 £ BB A ED b
267;.7‘) 20 hE HOT R Zp o\ — ) HE IR 5 AR

[~ 2 A A GTETUL 5 F kg [ -/0M
77)

A@@;FD‘/)V%?\“@LFLL/’Z L‘Z;l@}%d)

O] She SV T, @ Ao W s ez B 2B 7
% E oy TR UL AR R 328 h IR,
k.

Lonl,  SMP owrag k., 3 ak ey 7 F% Ak AL 52

RS, ABECLE N T D v as e A A




76)

Fig.5-1 Structure of Nitroprusside
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FIg.5-2 Schematic Representation of Nitroprusside Metabolism
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Fig.5-3 Effect of NaOH Concentration on Color Development

Absorbance at 540nm
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Fig.5-6
Assay Procedure for Sodium Nitroprusside (SNP)

sample solution ( 0.5ml )
~<——0.2M NaOH solution ¢ 1.0ml )

mix well
~l . . . .
stand for 15min under the indoor lighting
~——— 1% sulfanilamide in 1,2M HCI
solution ¢ 1,0ml )

mix ?811
stand for 2 to 6min

~————0,1%Z N-(1-naphthyl)ethylenediamine
( 1.0ml )

mix well

|

measure the absorbance at 540nm against the'
reagent blank
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Effect of Foreign Substances on Determinatioﬁ'of SNP

substance added, mM Recovery, %
Na,S,04 > | - 7.8
NaZSO3 5 77.2
Na2804 5 100.2
NazHPO4 5 . o 100.1

- NaCl S e e N,
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K4[Fe(CN)6]
KB[Fé(CN)G]
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«.,5 e e R 100 . l e e e et e e
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Fig.5-7 Stability of SNP in Agqueous Solution
under the Room Light or at Dark Place
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Fig.5-8 Stability of SNP in Acid or Alkaline
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Fig.5-10 Time Course of CN™ Cencentration inErythrocytes and SCN™

Concentration in Pleosma after Subcutaneous Administration
of SNP to Rabbit
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Fig.>- 12
CN™ Concentratlon1r1Erythrocytes during ond ofter
SNP Infusion to Child
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| Fig.5-13 |
| SCN Concentrution in Plasma during and after

i SNP Infusion to Child
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