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Figure 1 Emission spectra of HSA in the presence of various
concentrations of heroin (color online).
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Figure 2 Emission spectra of HSA in the presence of various
concentrations of morphine (color online).
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Table 1 Stern-Volmer quenching constants for morphine-HSA and
heroin-HSA systems”

T (K) Ky (7%, L/mol) Ky ("B, L/mol)
298 8.53x10° 7.32x10°
303 7.43%10° 4.80x10°
310 5.78x10° 429x10°
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Figure 3 Stern-Volmer plots of heroin-HSA system at different
temperatures (color online).
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Figure 4 UV-vis absorption spectra of HSA with different concentra-
tions of heroin (color online).
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Table 2 Modified Stern-Volmer constants of morphine-HSA and
heroin-HSA systems”

T (K) K, (#% 2, L/mol) K, ("5HE, L/mol)
298 6.54x10° 5.59x10°
303 3.69x10° 4.98x10°
310 2.15%10° 4.25x10°

a) WFI DR 56 RELRIKUCH0.999, 0.999, 0.999, MEHE)HISE
HUK R 90.999, 0.999, 0.999

010 015 020 025 0.30
[Q] (L/mol, 10-¢)

B 5 AS[E)R B R R 2 HS AT 1& IE Stern-Volmer ) & il
L (M2t )

Figure 5 Modified Stern-Volmer plots of heroin-HSA system at
different temperatures (color online).

(Kl 6) 1) 45 &~ 1 5 HUK, B B A 7R 2R 2 1 T 1T
BRAG. —H R RMKERBELSEL, FrEm
ME, HHEEER N, SRR IHSALE &
@ A, ST K R, WS S HSARIS &
157 % $0(6.36x10° L/mol) K T 15 i (g 5 45 S 1 H 3
(5.73%10° L/mol), 5t B35 PR 72 1L P S HS AR 45 45
fiE 7758 T e

[ — i e —FhaT DLR B A I B A 5 o 7
WEEKINTTVE, T2 THSA- /N T4 S VIR IR R
HEMED . FEATHS AR R — il B o i i & A
o- B2 e 45 M FESEIE 192 nm A — IE i 5, 7E2221
208 nmAb A AN L (RIRAAE i W 1 00 n 7R R, AE
192 nmAb I — IE Ry, 76 9% K208 %1222 nm H ILH
MR WS, JF FLBEE MR N, R RTE
192, 2081222 nmAb iy PP A FEARREEAA,
HHTE S 004 30 [ P T /N 2 P HIS AR — 2 45 4 2k
AT =R R, TE I R STHS AR 45 My SEma IR /N, &



R

2019 £ 49 %F 10 W

3 nguE-HSAFIGIE [R-HS Ak £ Scatchard J7 F2 (1) & £

Table 3 Binding constants for morphine-HSA and heroin-HSA
systems

AL I W A
T (K)
Ky, (L/mol) R Ky (L/mol) R
298 5.73x10° 0.999 6.36x10° 0.998
303 4.98x10° 0.998 3.81x10° 0.999
310 4.23%10° 0.999 2.08x10° 0.999

Bl 6 AN[ER B  ig BR E HS A [ Scatchard J7 #2404 it
LR(M 4 IR )

Figure 6 Scatchard plots of heroin-HSA system at different tempera-
tures (color online).
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Figure 7 Circular dichroism spectra of HSA with increasing concen-
trations of morphine (color online).
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Figure 8 Circular dichroism spectra of HSA with increasing concen-
trations of heroin (color online).
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Table 4  Effect of ethanol on the binding constants of morphine-HSA and heroin-HSA system®

neh i |
ZEE (mg/mL)
K, (L/mol) KKy (%) R K, (L/mol) Ky/Ky (%) R
0.2 5.36x10° 935 0.999 3.82x10° 60.5 0.999
0.4 1.42x10° 24.8 0.996 5.83x10° 92.4 0.997
0.6 2.22x10° 38.7 0.998 2.49x10° 39.5 0.998
0.8 3.40x10° 59.3 0.996 3.71x10° 58.8 0.999
1.0 4.20x10° 73.3 0.999 3.82x10° 54.0 0.999
12 4.46x10° 77.8 0.998 3.51x10° 55.6 0.996
1.4 4.78x10° 83.4 0.992 4.45x10° 70.5 0.998
1.6 432x10° 75.4 0.995 4.89x10° 77.5 0.999

a) Kotk ZAMAE B P 85 & W8, Ky 2R MR BE Y £ B(0.2~1.6 mg/mL) {7 7E N i ME-HS A 1A 2 A& R -HS AR R 1P 45 &

HH
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DL T A TS R -HSAR R, AN
WREE LB AR JR IR 45 6 P B0t R B HE AR
MIsZm, K WY ER A FEFEE M TR, K/K e
39.5%~92.4%. FHH 2B E 0.6 mg/mLE, RS A
5HSAMZ &% B 2 &k, KJ/KEHEKER
39.5%. 1£0.8~1.6 mg/mLIX [A] N, B 7K R LR E
B, WS SHSARI S5 AP St £ 00t iz
F . AL, TEARIKIE L BEAFAER (0.2~0.6 mg/mL),
Y145 DR RN N MR A 28 K M () AR BRI A R, R I
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HSA RS AFEGEmECR. T EiR e, 7E5L5
W M QBRI Y, AT DAUERA i TR e, i
WD R ISR N YR, I AF LR 1) 2B 43 17T LA
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Figure 9 Effect of various concentrations of ethanol on morphine in
heart blood of mouse under the conditions of intraperitoneal adminis-
tration of ethanol and morphine. Each point is the average of 5 parallel
experiments. The relative concentration values are relative to the

concentration of morphine in the blood serum of morphine only at 5 min
(color online).
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Figure 10 Effect of various concentrations of ethanol on M-6-G in
heart blood of mouse under the conditions of intraperitoneal adminis-
tration of ethanol and morphine. Each point is the average of 5 parallel
experiments. The relative concentration values are relative to the
concentration of morphine in the blood serum of M-6-G only (color
online).
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Molecular spectroscopic studies examining the synergistic mechanism
of opioid morphine, heroin and ethanol
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Abstract: The research on the synergy caused by the dual abuse of opioids and ethanol has been one of the highly
attractive topics in the fields of chemistry, pharmacy and forensic science. Based on spectral analysis and in vivo
experiments in rats, this article systematically explored the synergistic mechanism. The results show that different
concentrations of ethanol in the blood can reduce binding equilibrium constants of morphine-HSA and heroin-HSA
complexes to varying degrees in the early stages of morphine and heroin metabolism. The concentration of free
morphine and heroin in the blood is rapidly increased in a short time, the metabolic process is obviously slowed down,
and the high concentration level can be maintained in the blood for a long time, thereby enhancing the efficacy of
morphine and heroin in the body and the subjective feelings as well producing a synergistic effect. At the same time, the
concentration of the more active morphine metabolic intermediate M-6-G in the blood shows a tendency to increase
slowly, further strengthening the synergy between morphine and ethanol.
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