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A=a-exp(kt) 1)

kialexp(—k t) —exp(—k,t)] (2)

B= k. —k,

kiexp(—k,t) —k.exp(—k;t) ] 3)

C=a[1 + k,—K,

A

A, 53Ln R IR B

B, FHELDLEABN®RE

C, XFRMBHERE

a, BLBREBIAIREE
BERARTEN, MB—Atf A ETREK,,WE A tWBERK 1 CETRSE ko
ALRHA BB T ETRNE Ry T, EREHEAERIIRYY, iR
HEBXPE, MAMRM K 1k,
(Z) ESEN

B UV-365 KB, 751 GHXtH, miERAB(+0.1°C), WMZK-01
Mimiek, 1/10 BFE B, PHS-3 % pH it, DIS-131 B F+HEL.

B3R S (E Merck), XFRURRA), HER. 8. LRRE BRI _W.%
BN, KmngiLMnshobral,

R eac s

(1) BkWibRMm . MPHRM 250.0 mg 3360, M T XA ZEIRHIR 10.0 mg/ml 5
Bk

(2) SMpRWHECH . LHEMD pHEREF5RE, R0 MBMR_ZHM 0.1 MBEM
S — RS, B AR HBREGRNSRIRE., BTRERTFIEHEMLNR
BHE, MAERSILAINSG, A LR ETH%& pH [ 4~8 HEFR AR, pH {H/
F 2.2 9 ohilikh 0.1 MR, 0.1 M FILFRME LIRS Bl R .

() FRthR
1. GLMiFRiheR . %oCR(2)BE. BHBENLLABREHZRIBNT,
C=640.1 A +0.4633
y=0.9997
Rbh A, RE
C, ®RE(M)

2. ¥PRERMR RHREEEPRAEEKO.1 MERERK), LLo.1MILEIE
$b, 7 Amax 230 nm W REE, BHEHERSRGERESE, HBEHEE
A& H.

WM T BRNT,
C=82.93 A +0.2377

»=0.9998

() Sk PRLROEPRREHHE
RER IR 18.0 ml ST 50 ml RGOS, BEFEHEARPEDEIORGEE,
A 2.00 ml B 3LBRER HEVE MR, TE—ZREETAM, GR—EHRE % B 2.00 ml & 25 ml 5}
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Read E$, M, concentrations and absorbances
of a series of standard solutions

4

Solve the equation of standard curve
by linear regression method

v
N Eg=vEs™
\ Y

Print the equation of standard curve, the table of
experimental values and fitting values

l

l Input N, absorbances of samples

N = Y
—— z=1 )
! v
Calculate the concentration Calculate the concentration
of aconitine samples of benzoic acid samples
I ]
4
Print the experimental results of samples t

_ v

IZ(-Z +1 I
4 N

Input the initial concentration of aconitine and the
time when each sample is taken

4
ISolve the initial value of K, by linear regression methoc‘ll

v

| Print the initial value of K, l
7 -

Ealve the accurate value of K, by Taylor's method]
4
| Calculate Q,, R, l

¥

| Input the initial value of K, l

ISolve the accurate value of K, by Taylor’s methodl

¥
,Calculate Q:, R; and the half life period of aconitinel

Calculate by Newton’s method the time of attending the peak concentration|
of benzoylaconine, calculate the peak concentration
D)
Print K, K;, Q;, R,, Q., R,
Print the tables for experimental values, fitting values, and variation of
concentration of A, B, C with time, print the half period of aconitine,
the time needed to reach the peak point and the peak concentration of
benzoylaconine, and also three kinetic equations
4
' (End)

' Fig 1. Flow chart for computer program
* M-—-Number of standard samples; N——Number of samples;Q,, D, ——Variance; Ry, R,~——Goodaess ' .
) of ﬂttlu. A, B, C——Repressent respectively the instantaneous concentrations for aconitine, benzoylacomney .
[ and benzoic acid; K,, K,——Rate constant
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WR, RESH, MASEREEZ pH11, ARGIAKER, AHFFERKT 50 m!
SRR, EACCHETRETFREZZEN, WA 1ml TRZBBERERRE, BRE¥EX
RV, HE 2.00 ml Fpik BRI RS REBE, EHRE, Hale s kR,
ERRROR B B 25 ml RN, AIRERERRE, MAERER(IM),
FRRBABEELE, WR-PRBRES 0.1 M 7 230 nm oW EBRKE, HEERPHE
PR, |
(R) sHHEHEXGHR%
FIXRAIER R D R SRR B~ ﬁﬁ%ﬁﬁmwﬂ%ﬁﬂﬁ BRI, B
FEEARLE1,
- BRERBERE K MM, R%ﬁ%ﬁ#ﬂﬂﬁ*ﬁ&ﬂ#ﬁﬂﬁ L 358 g B
PR R R e B A AR R PO B T LA B B3, SLBRAO 40 SRIREE SR AL, BPWTHTEN 28z hESR
*%. :

E R 5 i »

1. RES%
FEREEN 368K, HTHRE u= OM&IHDH%#T%%ﬁ*%,Mﬁ%%ﬁﬁX$
BRI fL R 1, LAS LR ) B AR X B b 45 B 2n ) 2.

Tab 1. Kinetic relation between time and concentration of aconitine and benzoic acid
in pH 5.21,8.03

pH 5.21 8.03
Time (h) 0.5 {1.0 |1.5 }2.0 |2.5 |3.0 |[0.2 |0.5 [0.75]|1.0 |1.25] 1.5
Concentration of aconitine | 272 | 245 | 207 [ 180 (168 [ 144 | 192 {88.349.2{29.2| 16.6( 7.24
(xM) ' '
Concentration of benzoic 1.24 | 4.58 | 10.1 | 16.2 | 24.1 | 32.9 | 23.1{99.8 | 156 | 207 | 239 | 266
acid (uM) ) '
Rate constant (s~%) k;=7.06%x10"° k,=3.76x10°% k;=6.64x107" k,=6.06x10"°
Goodness of fit "R, =0.9953 ~ R,=0.9987 R,;=0.9993 R,=0.9951
N T . " i
(IS fo——e :
5 \\ TTTY—
N
< .
E AN
5 \\
I
2t \:A\\
1 i 20 35

Time Ch)
Fig 2. Correlation between logaritithm concentration of aconitine
and time I. pH 5.21; II. pH 8.03
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HE 2 ME LW, BAROKBRE—RRE. #—%EH RS HFEHBFERNG
B3 L SRR, RHXPRLSLERKRLE—RRE, EliﬂtTﬁfﬂn:lE pH —H&H#
T BAWAMBAH—FEBRE, RERBRRIY,

2. BEANMBEEKRHEE

fEEE Y 368K, p=0.5, pH4.72 } 8.05 &4 T, E%WEE#TH?&&H’JB&E&&*
Bﬁﬂcﬁ?:ﬁk'ﬁw 2,

Tab 2. Correlation between concentration of phosphate and rate constant

Concentration of phosphate pH 4.72 pH 8.05
(M) k; x 10°57! k,x 10%7! k, x 104! kyx 104!
0.05 . 2.24 4 6.61 . 6.12
0.10 2.28 1.30 6.63 6.15
0.15 2,23 1.25 6.59 6.08
0.20 2.27 1.28 6.65 6.18

KL REY, 76 pH HRIOAMT, BMELIRELE 0.05~0.2 MAEHEA, WHREM
B W S PR ROIRE T, FTIA, 15 RRRIKRER S BRI R L.

3. oH (%% EHME R0 |

TEEEE % 368K, BETFHBE 1 =0.15 KM, WBAKN pH B3 — R k, M
K, % 3, k X pH {EEAE 3,

Tab 3. The correlaticn between rate constant and acidity

pH 1.09 2.15 3.52 4.59 5.21 5.52 5.88 6.31 6.69 7.52 8.03
k.ll()s 0.51 0.68 1.07 2.11 7.06 7.50 10.6 14.7 25.3 45.0 66.4
(s7h) -

k,l?’ —_ — e 0.44 3.76 4.72 6.67 9.51 14.9 35.6 60.6
(s™)
60 3
1
I

kx10°% st

20

80

Fig 3. Correlanon betweenr rate constant and pH of solutidn
I kit 11 ky
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ME3 w4, AR pH K Mk, HEBEYM, HEHEES pH ZAERHRRR.X
BERY, & pH<4WiFid, BZSANIBRAZE, 2RHAAME, HRGET
B BRIFHK.

4. BFEENEELHOHER

FERMEY 368K, pH1.53, 6.84, 8.32 %HT, ZABRAHAARTFREMEEXME
WHEFTRR, S RILE 4, BHlk—V e thRmBE 4, KB 4T, ERBEAHT, HEXT
ﬁ&%k,hﬂhﬁ£%&¢,ﬁkﬁﬁg%ﬁiﬁﬁﬁﬁﬁwﬁ%ﬂ%ﬁ FiLhHEM
BRI MBI RR,

Tab 4. Correlation between ionic strength and rate constant

- pH 1.53 pH 6.84 pH 8.32
] Vv m
k, x 10%! k, x 104! ky x 10*s7! k, x 10*s! k, x 104~}
0.15 0.387 5.96 2.67 1.73 8.08 8.14
0.30 0.548 5.93 2.62 1.70 7.82 7.91
0.60 0.775 5.90 2.58 1.65 7.60 7.72
1.00 1.00 5.83 2.54 1.61 7.45 7.57
1.50 1.22 5.85 2.56 1.57 7.26 7.30
8.2x1074t -
’-I>.Bx10‘4-
7.4%x1074]
- k.(pH 8.32)
- k,(pH 8.32)
o
2.6x107%
LS00 ki(pH €.84)
160074 T .‘
) - T x| k,(pH 6.84)
~{b — e B -~
6. 0x10 ‘ | k,(pH 1.53)
S.5x10~%] . ‘ ) .
0.5 0.7 0.9 1.1
vV
Fig 4. Correlation between rate constant and ionic strength
6. B RELAE

WA RN DA MAREBE R B, & Arrhenius XRRR—TRERNA, RERAR
BiigfLRe. %5 MIH=#FFE pH HMEER.
H& 5 "%, BEEI R pH MR, REFTENE LR,
6. RE#HE
RIFERARILENELRE RTINS, BAROABEEERETEL. HAR
HEN. AR THEEARETFREEBRERET, LR—-ATFRABELYTF, BEEEIKST
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Tab 5. Correlation between rate constant and temperature

pH 5.21 6.95 8.01
Temperature k,10%(s™') | ka10%(s™t) k,10%(s™) k,10%(s™1) k,10%(s™Y) k,10%(s™")
(X)
353 1.76£0.08 [ 0.85+0.09 7.51+0.49 5.00+0.28 24.1%+1.9 24.6+1.8
358 2.83+0.17 1 1.45+0.10 12.3+0.70 7.69%+0.41 36.9+1.7 29.7+2.3
363 4.67+£0.31 )} 2,27+0.13 17.9%1.1 10.8+0.70 48.9+2.9 42.2+2.1
368 7.32%0.49 | 3.75+0.27 23.1+1.9 16.7£0.92 71.5+3.7 51.2+3.3
371 9.81+£0.56 | 4.81+0.39 36.1+2.8 19.7%1.1 81.8%+5.1 60.0+4.5
Activationen ergy} 104.0+2.2 | 104.9%£1.3 94.1+0.8 83.810.6 73.91£0.6 §7.3£0.4
(kJ/mol) v
Note: u=0.1
Bk,

7. ¥WHENITR

BWAKRTYAHRAY . Hh BLRMEPRES LIk AL B2 230 nm, 13k HK
P gk, A>220 nm TR, M A%:0=203 nm,loge=1.58, K K A%:0=230 nm,loge =
4.0, W EREBEIB T, FinyBRLEERA>EEELRESYROSR. A%
BEYBREEPRENSIE, FHRESHPFRARRMFREMEE ARG EE, LU
FHERNEBBPH LR, MEPRUALIEEEECE, 585 5MME PR K
BBk 98.5%F 98.7%, HAXKLIIERM I LERETRD.
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STUDY ON THE HYDROLYTIC KINETIC OF ACONITINE
HUANG Jian, WANG Xin~-Hong and WU Ting-Ting

(Shanghai College of Traditional Chinese Medicine, Skanghai)

ABSTRACT Under the condition of constant acidity, it has been shown that
the hydrolysis of aconitine is a consecutive first~order reaction containing two
successive steps. The rate constants of both steps increase with decrease of acidity.
The pH dependence of rate constant is ploted as a parabolic curve. The reaction is
catalyzed by the OH™ ion. In basic solution, the rate constants of both steps gradually
decrease with increase of ionic strength, and under this condition the reaction appears
greater kinetic salt effect. However, in neutral and acidic solution, the kinetic salt
effect becomes very weak. The energy of activation of these two reaction steps at
pH 5.21, 6.95, and 8.01 is 104.0+2.2, 94. 1+0.8 and 73.9+0.6 kJ/mol,
tespectively, for the first step, and 104.9+1.3, 83.8+0.6 and 57.3+0.4 kJ/mol,
respectively, for the second step.

Key word Aconitine; Hydrolytic kinetic





