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31ST EXPERT COMMITTEE ON DRUG DEPENDENCE PND/ECDD31/1
M605, WHO/HQ, Geneva
23-26 June 1998

DRAFT AGENDA

1. Opening

2. Election of Chairpefson and Rapporteur
3. Approval of agenda

4. Critical review of:

@ Dihydroetorphine

(ii)  Ephedrine

(iii) Remifentanil

(iv)  With regard to all substances in Schedules I and II of the Convention
on Psychotropic Substances, 1971:

(a) their isomers, except where expressly excluded, whenever the
existence of such isomers is possible,

(b) their esters and ethers, except where included in another schedule,
whenever the existence of such esters and ethers is possible,

© salts of those esters, ethers and isomers, under the conditions stated
above, whenever the formation of such salts is possible,

(d) a substance resulting from modification of the chemical structure of
a substance already in these schedules and which produces
pharmacological effects similar to those produced by the original
substance.

5. Pre-review of:

)] Benzodiazepines

(ii) Tobacco

(iii) Gammahydroxybutyrate (GHB)

(iv)  4-Bromo-2,5-dimethoxyphenejthylamine (2C-B)

V) N-methyl-1-(3,4-methylenedioxyphenyl)-2-butanamine (MBDB)
(vi)  Zolpidem (INN)

6. Adoption of report
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. WORLD HEALTH ORGANIZATION
ORGANISATION MONDIALE DE LA SANTE

31ST EXPERT COMMITTEE ON DRUG DEPENDENCE PND/ECDD31/3
M60S, WHO/HQ, Geneva
23-26 June 1998

WHO REVIEW PROCEDURE

(Provisional Agenda Items: 4 & 5)

The review of psychoactive substances by the Expert
Committee on Drug Dependence is to be carried out in
accordance with the established procedures. This short
document provides an outline of these procedures.
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2.1

WHO REVIEW PROCEDURE

Qutline of the review procedure

Since 1990, WHO’s review of psychoactive substances has been carried out in two steps,
in accordance with the Revised Guidelines for the WHO Review of Dependence-
Producing Psychoactive Substances for International Control adopted by the Executive
Board that same year. The first step is referred to as “pre-review” which is a preliminary
review carried out to determine whether or not a fully documented review (“critical
review”) of the substance is required. Critical review is conducted only when WHO “has
information that may justify the scheduling” of a substance. Both pre-review and critical
review are carried out by the Expert Committee on Drug Dependence (ECDD).

The first step, pre-review, is unnecessary if there has been an official notification to the
United Nations by a Party, or an explicit request from the UN Commission on Narcotic
Drugs. The two-step review procedure applies only to WHO-initiated reviews. In such
cases, at least two meetings of the ECDD are required for WHO to formulate a
scheduling recommendation to the United Nations.

This review procedure applies not only to new substances but to the re-scheduling of
substances already under international control.

Scheduling criteria

Narcotic drugs

The Revised Guidelines indicate that the ECDD should first decide whether the substance
under review has morphine-like, cocaine-like, or cannabis-like effects, or is covertible
into a scheduled substance having such effects. If so, the ECDD should then determine
if the substance:

ey is liable to similar abuse and productive of similar ill ‘effects as the substances in
Schedule I or Schedule II;

) is convertible into a substance already in Schedule I or Schedule II.

This is because the 1961 Single Convention on Narcotic Drugs indicates that the
similarity in both “abuse liablity” and “ill effects” to those already in these Schedules is
the criterion, as follows.

Schedule Ior I If a substance is liable to similar abuse and productive of similar

ill effects as the drugs in Schedule I or Schedule II, or is
convertible into a drug ...

S:\RCUNECDD3I\CRITERIA.FIN
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Some drugs in Schedule I can also be placed in Schedule IV if they meet the following
criteria:

Schedule IV If a drug in Schedule I is particularly liable to abuse and to
produce ill effects, and such liability is not offset by substantial
therapeutic advantages not possessed by substances other than
drugs in Schedule IV ...

Schedule I only contains exempt preparations of specified compositions containing
drugs in Schedules I or II.

Examples of narcotic drugs in the three Schedules are:

ScheduleI ~ Morphine, heroin, pethidine, cocaine, cannabis (106 substances)
Schedule I  Codeine, dihydrocodeine, pholcodine (10 substances)

Schedule IV Cannabis, heroin (17 substances)

Psychotropic substances

The Convention on Psychotropic Substances, 1971, defines WHO’s role in the scheduling
process as follows:

If the World Health Organization finds:

(a) That the substance has the capacity to produce
(1) (1) A state of dependence, and
(2) Central nervous system stimulation or depression, resulting in hallucinations
or disturbances in motor function or thinking or behaviour or perception or
mood, or
(ii)  Similar abuse and similar ill effects as a substance in Schedule I, II, I or IV, and
(b) That there is sufficient evidence that the substance is being or is likely to be abused
so as to constitute a public health and social problem warranting the placing of the
substance under international control,

the World Health Organization shall communicate to the Commission an assessment of
the substance, including the extent or likelihood of abuse, the degree of seriousness of the
public health and social problem and the degree of usefulness of the sustance in medical
therapy, together with recommendaitons on control measures, if any, that would be
appropriate in the light of its assessment.

With regard to the selection of a particular Schedule, WHO has been using the following
additional criteria. These criteria were first developed by the ECDD at its 17th meeting

SARCUNECDD3IWCRITERIA FIN

SR



PND/ECDD31/3

Page 3

in 1969, when it discussed the “then-new” international drug control system for
psychotropic substances.

Schedule I  Substances whose liability to abuse constitutes an especially serious risk
to public health and which have very limited, if any, therapeutic
usefulness.

Schedule I  Substances whose liability to abuse constitutes a substantial risk to public
health and which have little to moderate therapeutic usefulness.

Schedule Il Substances whose liability to abuse constitutes a substantial risk to public
health and which have moderate to great therapeutic usefulness.

Schedule IV Substances whose liability to abuse constitutes a smaller but still
significant risk to public health and which have a therapeutic usefulness
from little to great.

The ECDD reconfirmed these criteria at its 29th meeting in 1994, but worked out the
following supplementary guidelines;

- In cases where the 1969 criteria apply only in part, the scheduling recommendation
should be made with a higher regard to the risk to public health than to therapeutic
usefulness.

- Notwithstanding the above, recommendations for inclusion in Schedule I should
be made only when the 1969 criteria are fully met, with respect to both therapeutic
usefulness and the risk to public health.

Thus, when the abuse liability of a psychotropic substance constitutes a “significant” risk
to public health, it would go to Schedule IV, regardless of its therapeutic usefulness. If
the degree of risk to public health is “substantial”, it would go either to Schedule II or I,
depending on its therapeutic usefulness. Theoretically, the possibility of a therapeutically
useful substance meeting the criteria for Schedule I is ruled out. Also, the lack of
therapeutic usefulness should not be used to justify a recommendation for inclusion in
Schedule I, if its abuse liability does not constitute “an especially serious risk” to public
health and society.

Examples of psychotropic substances in the four Schedules are:
Schedule I (+)-lysergide (LSD), MDMA, mescaline, psilocine (27 substances)
Schedule ' Amphetamines, methylphenidate, secobarbital (15 substances)

Schedule Il Amobarbital, pentobarbital, flunitrazepam (9 substances)
Schedule IV Most benzodiazepines, phenobarbital, pemoline (60 substances)
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WORLD HEALTH ORGANIZATION
ORGANISATION MONDIALE DE LA SANTE

31ST EXPERT COMMITTEE ON DRUG DEPENDENCE PND/ECDD31/4

M605, WHO/HQ, Geneva

23-26 June 1998

CRITICAL REVIEW OF PSYCHOACTIVE SUBSTANCES

(Provisional Agenda Item: 4)

This document provides an in-depth review of the
following three substances - dihydrotorphine, ephedrine and
remifentanil - as well as the proposal of the Government of
Spain concerning the scheduling of isomers, esters, ethers
and analogues of the substances in Schedules I and II of the
1971 Convention on Psychotropic Substances. This
document has been prepared by the Secretariat, with the
assistance of external experts, for use by the participants of
the 31st Session of the WHO Expert Committee on Drug
Dependence (ECDD).
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1. INTRODUCTION

This document has been prepared for evaluation by the 31st Expert Committee on Drug
Dependence (ECDD) which will meet from 23 to 26 June 1998. This ECDD will review the
following three substances: Dihydroetorphine; Ephedrine; and Remifentanil. In addition,
the ECDD will also review the proposal of the Government of Spain concerning the
scheduling of isomers, esters, ethers and analogues of all substances in Schedules I and II of the
Convention on Psychotropic Substances, 1971. Specific details on these substances and the
Spanish proposal are given in the four Annexes to this document. The review has been
prepared consistent with the Revised Guidelines for the WHO Review of Dependence-
Producing Psychoactive Substances for International Control.

2. ABBREVIATIONS USED IN THIS REVIEW
A. Names of countries

WHO codes for Member States (WHO Manual 1114, Annex) was used for country
name abbreviations.

Code Country

AFG Afghanistan

ALB Albania

ALG Algeria

AMS American Samoa
ANG Angola

ANI Antigua and Barbuda
ARG Argentina

ARM Armenia

AUS Australia

AUT Austria

AZE Azerbaijan

BAH Bahamas

BAA Bahrain

BAN Bangladesh

BAR Barbados

BLR Belarus

BEL Belgium

BLZ Belize

BEN Benin

BER Bermuda

BHU Bhutan

BOL Bolivia

BIH Bosnia & Herzegovina
BOT Botswana

BRA Brazil

VIB British Virgin Islands
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BRU
BUL
BFA
BUU
CAM
CAE
CAN
CAV
CAR
CAY
CAF
CHA
CHI
CHN
COL
COM
CNG
COK
COR
IvC
CRO
CUB
CUR
CYP
CZH
COD
KRD
DEN
DIJI
DOM
DOR
ECA
ECU
EGY
ELS
EQG
ERI
EST
ETH
FLJ
FIN
FRA
FRG
FRP
GAB
GAM
GEO

Brunei Darussalam
Bulgaria

Burkina Faso
Burundi

Cambodia
Cameroon

Canada

Cape Verde
Caribbean

Cayman Islands
Central African Republic
Chad

Chile

China

Colombia
Comoros

Congo

Cook Islands
Costa Rica

Cote d'Ivoire
Croatia

Cuba

Curaio (AMRO)
Cyprus

Czech Republic
Democratic Republic of Congo
Democratic People's Republic of Korea
Denmark

Djibouti

Dominica
Dominican Republic
Eastern Caribbean
Ecuador

Egypt

El Salvador
Equatorial Guinea
Eritrea

Estonia

Ethiopia

Fiji

Finland

France

French Guiana
French Polynesia
Gabon

Gambia

Georgia
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DEU Germany
GHA Ghana

GRE Greece

GRA . Grenada

GUA Guadeloupe
GUM Guam

GUT Guatemala
GUI Guinea

GUB Guinea-Bissau
GUY Guyana

HAI Haiti

HON Honduras
HOK Hong Kong
HUN Hungary

ICE Iceland

IND India

INO Indonesia
IRA Iran, Islamic Republic of
IRQ Iraq

IRE Ireland

ISR Israel

ITA Italy

JAM . Jamaica

JPN Japan

JOR Jordan

KAZ Kazakstan
KEN Kenya

KIR Kiribati

KUW Kuwait

KGZ Kyrgyzstan
LAO Lao People's Democratic Republic
LVA Latvia

LEB Lebanon

LES Lesotho

LIB Liberia

LIY Libyan Arab Jamahiriya
LTU Lithuania
LUX Luxembourg
MAC Macao

MAD Madagascar
MAL Malawi

MAA Malaysia
MAV Maldives
MAI Mali

MAT Malta

MSI Marshall Islands
MAR Martinique

$:\RCUECDD3 I\CRITICAL.REV



PND/ECDD31/4 (Page 4)

MAU
MAS
MEX
MIC
MON
MOG
MOT
MOR
MOZ
MMR
NAM
NRU
NEP
NET
NEA
NEC
NEZ
NIC
NIG
NIE
NIU
NCA
NMI
NOR
OMA
PAK
BLA
PAN
PNG
PAR
PER
PHL
POL
POR
PUR
QAT
KOR
MDA
REU
ROM
RUS
RWA
SCN
SAH
SAL
SAV
SMA

Mauritania
Mauritius

Mexico

Micronesia
Monaco

Mongolia
Montserrat
Morocco
Mozambique
Myanmar

Namibia

Nauru

Nepal

Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nigaragua

Niger

Nigeria

Niue

Northern Caribbean
Northern Mariana Islands
Norway

Oman

Pakistan

Palau

Panama

Papua New Guinea
Paraguay

Peru

Philippines

Poland

Portugal

Puerto Rico

Qatar

Republic of Korea
Republic of Moldova
Reunion

Romania

Russian Federation
Rwanda

St Kitts and Nevis
St Helena

St Lucia

St Vincent and the Grenadines
Samoa
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SMR
STP
SAA
SEN
SEY
SIL
SIN
SVK
SVN
SOL
SOM
SOA
SPA
SRL
SUD
SUR
SWZ
SWE
SWI
SYR
TIK
THA
MKD
TOG
TOK
TON
TRT
TUN
TUR
TKM
TCA
TUV
UGA
UKR
UAE
UNK

TAN
USA
URU
UZB
VAN
VEN
VIN
VvUS
WAF
WIN

PND/ECDD31/4 (Page 5)

San Marino

Sao Tome and Principe

Saudi Arabia

Senegal

Seychelles

Sierra Leone

Singapore

Slovakia

Slovenia

Solomon Islands

Somalia

South Africa

Spain

Sri Lanka

Sudan

Suriname

Swaziland

Sweden

Switzerland

Syrian Arab Republic

Tajikistan

Thailand

The former Yugoslav Republic of Macedonia

Togo

Tokelau

Tonga

Trinidad and Tobago

Tunisia

Turkey

Turkmenistan

Turks and Caicos Islands

Tuvalu

Uganda

Ukraine

United Arab Emirates

United Kingdom of Great Britain and
Northern Ireland

United Republic of Tanzania

United States of America

Uruguay

Uzbekistan

Vanuatu

Venezuela

Viet Nam

Virgin Islands (United States)

Wallis and Futuna

West Indies
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YEM
YUG
ZAM
ZIM

Other abbreviations

Abbreviation

1961 Convention
1971 Convention
1988 Convention

ARC
BAN
BKA
CL
CND
CPDD
CSA
CSM
DAWN
DCF

DEA
DMP
ECDD
EEG
FDA
GAPM
HQ
ICPO (INTERPOL)
IMS
INCB
MAO
NFN

NGO
NIDA
oTC
STRIDE

UN
UNDCP
WHO

Yemen, Republic of
Yugoslavia

Zambia

Zimbabwe

Description

Single Convention on Narcotic Drugs, 1961

Convention on Psychotropic Substances, 1971

UN Convention against Illicit Traffic in Narcotic Drugs

and Psychotropic Substances, 1988

Addiction Research Centre of NIDA, USA

British Approved Name

Federal Criminal Investigation Office of Germany

Circular Letter

United Nations Commission on Narcotic Drugs

College on Problems of Drug Dependence, Inc

Controlled Substances Act of the USA

Committee on Safety of Medicine, UNK

Drug Abuse Warning Network

Denomination Commune Frangaise (French approved
nonproprietary name)

Drug Enforcement Administration of the USA

Division of Drug Management and Policies

Expert Committee on Drug Dependence

Electroencephalography

Food and Drug Administration of the USA

German Association for Pharmaceutical Manufacturers

Headquarters

International Criminal Police Organization

International Medical Systems

International Narcotics Control Board

Monoamine oxidase

Nordiska Farmakopenamder (Nordic Pharmacopoeic
Council Approved Name)

Nongovernmental organization

National Institute on Drug Abuse of the USA

Over-the-counter (no prescription required)

System to Retrieve Information from Drug Evidence
of the USA

United Nations

United Nations International Drug Control Programme

World Health Organization
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3. INFORMATION GATHERING

This section summarizes the WHO procedures for the review of dependence-
producing substances, according to the Revised Guidelines for the WHO Review of
Dependence-Producing Psychoactive Substances for International Control.

Data collection

Literature review was the main source of information for data collection. In addition, a
Circular Letter (C.L.) was issued in December 1997 by the Director-General of WHO for
gathering the information required for the Critical Review of dihydroetorphine, ephedrine and
remifentanil. In order to avoid unnecessary duplication with a similar questionnaire issued by
the United Nations,WHO’s questionnaire excluded the proposal of the Government of Spain,
which was the subject of the UN questionnaire. :

This C.L. was translated into all six official WHO languages and addressed to the
Ministries of Health of WHO Member States. Fifty Member States have returned the
completed questionnaire to the WHO focal point as of 1 May 1998. This C.L. and
questionnaire was also sent to WHO Collaborating Centres on Research and Training in Drug
Dependence. The input received from the College on Problems of Drug Dependence
concerning the abuse liability of ephedrine will be presented to the participants separately as
additional information.

WHO also invited concerned pharmaceutical industries to provide additional
information.

4. ORGANIZATION OF INFORMATION & CONTRIBUTORS

The first draft of the Critical Review was prepared in February-May 1998 by the
Secretariat with the technical assistance of the following external experts: Professor Cai Zhi-
Ji, National Institute on Drug Dependence, China; Professor Donald Jasinski, Johns Hopkins
University, USA; Dr Kira Hutchinson, US Drug Enforcement Administration; and Dr Michael
Klein, US Food and Drug Administration.

The documents on ephedrine and remifentanil were sent to the concerned
pharmaceutical industries who had contributed information on them. Comments received from
the pharmaceutical industry before the ECDD meeting will be presented separately to the
participants as additional information.

5. FORMAT OF REVIEW OF SUBSTANCES

The following format is used for presentation of relevant data on the three substances
under review. The review document on the proposal of the Government of Spain is structured
differently, each discussion point presented on the basis of relevance to the overall question to
be addressed by the Expert Committee.

S\RCUECDD31YCRITICALREV
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DIHYDROETORPHINE
1. Substance Identification
A. Name: Dihydroetorphine’

B. Chemical Abstract Service (CAS) Registry Number:
(base): 14357-76-7

C. Other Names: None
D. Trade Names: None
E. Identification Characteristics:

DHE is a white, crystalline powder with a melting point of 217-219°C.
Dihydroetorphine hydrochloride dissolves in water.

F. WHO Review History:

In 1996, after a pre-review, the 30™ WHO Expert Committee on Drug Dependence
recommended the critical review of dihydroetorphine.

2. Chemistry

A. Chemical Name: 7,8-Dihydro-7 a-[1-(R)-hydroxy-1-methylbuty!]-6,14-
endo-ethanotetrahydrooripavine

B. Chemical Structure:

CH;,
([1"— G:H,
OH

HO _ OCH,

'In composite drug names containing both chemical prefixes and INNs, the INN is distinguished
by being italicized.
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ANNEX'1 (Page 2)

Molecular Formula: C,;H,;;N,0; (Dihydroetorphine)
C,;H,N,O,HCl (Dihydroetorphine Hydrochloride)

Molecular Weight: 450.02 (Dihydroetorphine)

3. General Pharmacology

In this section, both preclinical and clinical studies are described to evaluate the
pharmacological actions of DHE. These studies include those tests commonly used to
evaluate the pharmacological profile of drugs. On the whole, these studies show that
DHE produces effects that are characteristic of morphine-like substances.

Analgesic Effect

Results from studies indicate that DHE is a highly potent analgesic. Huang and Qin
(1982) reported that the analgesic ED50 of DHE in mice and rabbits were 0.47+0.11
ug/kg (hot plate test) and 0.43+0.08ug/kg (K* iontophoresis method), respectively,
compared with those of morphine (2.95+0.54 and 4.940.39mg/kg, respectively),
showing that its analgesic efficacy was 6,277 (in mice) and 11,488 (in rabbits) times
as potent as those of morphine; in monkey experiments (K* iontophoresis method),
the pain thresholds raised from 0.84+0.45mA to 1.9+0.9mA (P<0.02). In mice and
rabbits, the peak analgesic effect was attained 15 minutes after subcutaneous injection
of DHE, and the duration of analgesic effect lasted 60-90 minutes, which was shorter
than that of morphine (120-150 minutes). It was shown by hot plate test in mice that
DHE was similar to morphine in exhibiting its analgesic effect as a pure agonist of
opioid receptor by the fact that when the effective rate of analgesia produced by DHE
reached 100%, the analgesic rate did not decrease after continuous increases in dose.
In case of partial agonist as buprenorphine, when it reached the maximum effective
rate of analgesia, the increase in doses caused a decrease in the effective rate.

The report of Tokuyama et al (1996) showed that DHE, by different routes of
administration such as intraperitoneal (i.p.), subcutaneous (s.c.), intravenous (i.v.),
oral (p.0.), intracerebroventricular (i.c.v.) and intrathecal (i.t.), exerted an
antinociceptive effect in mice in a dose-dependent manner as measured by the tail
pinch method. In comparison with morphine, the efficacy ratio of the antinociceptive
effect between DHE and morphine was approximately 1,000 to 1,500: 1 by parenteral
administration (i.p., s.c. or i.v.), and about 100:1 by oral route. However, the
antinociceptive effect of DHE was only 10 to 20 times as potent as that of morphine
when administered by direct application into CNS (i.c.v. ori.t.). The duration of the
antinociceptive effect of DHE was shorter than that of morphine.

Wang, Huang and Qin (1991), Wang and Qin (1996a), using radioligand binding
assay for studying the binding characteristics of DHE to opioid receptors in rat brain,
concluded that DHE is a p-receptor selective ligand; the relative affinity ratio of DHE
to u-, d - and x-opioid receptors in mouse brain was 333:1:1, the analgesic effect
caused by i.c.v. injection of DHE was antagonized by B-funaltrexamine, a p-receptor
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antagonist, but could not be antagonized by 6- and k-selective antagonists naltrindole
and norbinaltorphimine (Wang, Lu and Qin,1995). Wang and Qin (1996b), tested the
mRNA levels of p-opioid receptors in rat midbrain, hippocampus and striatum after
DHE and morphine treatment by solution hybridization. Results showed that mRNA
levels of p-receptors in the above-mentioned brain regions decreased after DHE or
morphine treatment. It was suggested that the down-regulation of mRNA levels of p-
receptors may correlate to DHE or morphine tolerance.

Other Effects

Bian, Xing and Xu (1986) studied the interactions between DHE, L-tetrahydro-
palmatine (L-THP), B-7601 (a diphenylhydroxyacetic acid derivative with
anticholinergic activity) and diazepam. Results showed that the analgesic and CNS
inhibitory effects were enhanced by the combination of DHE, L-THP and B-7601;
DHE alone caused respiratory inhibition and bradycardia, L-THP attenuated the
respiratory inhibition but not bradycardia induced by DHE, bradycardia was
antagonized by B-7601; i.v. injection of the combination of DHE, L-THP, B-7601 and
diazepam immediately caused general anesthesia in dogs and the operation can be
done without evident change in ECG but respiration changed variably.

Clinical Studies

DHE is a domestically developed narcotic analgesic. Clinical trials were carried out
solely in China. Results of the clinical studies conducted in the 1980s by a number of
clinicians on 1,578 patients with pain were summarized by Huang in 1991. An
additional 43 clinical reports with a total of 3,685 patients under clinical studies were
published in medical journals in the 1990s. All of the above data indicated that DHE
is effective for relieving pain in various diseases or clinical situations. The efficacy
of DHE in relieving cancer pain was reported in a number of papers: (Huang, 1987,
Wu and Sun, 1991; Chen, Lin and Tan 1994; Wei, Liu and Yang, 1994; Tao and Hua,
1994; Xu, 1994; Yang, Hong, Li, Qian, Chen and Chen,1995; Wang, Huang, Zhang
and Wu, 1995; Ma, Wu and Zhang, 1995; Liu, Wang, Wei, Guo, Han and Li, 1995; Li
and Hao, 1996; Lu, Cheng, Tang and He, 1996; Li, Li and Qu, 1996; Liu, Guo and
Zheng, 1996; Sheng, Chen, Kang, Li and Liu 1996). A total number of 1,754 cancer
patients were under clinical studies.

According to Wu and Sun (1991), among 103 cancer patients, 77 cases (74.8%)
suffered from severe pain and 26 (25.2%) from moderate pain. DHE given
sublingually, 20-100ug/dose, produced complete relief of pain in 39 cases (37.9%)
and moderate relief of pain in 53 cases (51.5%). The total effective rate was 89.3%,
and the average relief time was 3.9 hours. The average time for initiating pain relief
after drug administration was 20 minutes. Yang, Hong, Li, Qian, Chen and Chen
(1995) conducted a large scale clinical study on 1,116 cancer patients for assessing
the pain relief efficacy of DHE. 875 cases (78.4%) among 1,116 patients suffered
from severe pain and 241 cases (21.6%) from moderate pain. DHE 20pg/dose was
given sublingually; 668 in 875 cases with severe pain 3%) and 198 in 241 cases with
moderate pain (82.1%), (in total of 1,116 cases), 866 cases (77.6%) got complete pain
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relief, 214 cases (19.2%) got moderate pain relief. The total effective rate was 96.8%.
The time for initiating pain relief after drug administration was 30-120 minutes and
the duration of pain relief lasted 3-11 hours.

DHE was effective in relieving pain during operation and postoperative pain (Lin, Jin
and Piao, 1994; Wang, Huang, Sun, Liu and Hou, 1994; Wang, Shi and Guo, 1994;
Zhao and Lin, 1994; Ye and Ji, 1996); DHE also showed its analgesic efficacy when
used for the induction and maintenance of general anesthesia (Zhou, Jin, Sun, He and
Li, 1987; Song, Jiang and Wu, 1991; Wang, Geng and Hua, 1994, Mi and Jin, 1994,
Jin, Li, Jin, Zheng and Liu, 1996; Cheng and Sun, 1996). DHE was used for
relieving labour pain and pain caused by induced abortion (Yan, Song, Pan and
Zhang, 1994; Zhong, Peng, Liu and Jin, 1994; Cheng, Cheng, Li, Sun and Chen,
1995; Li and Weng, 1995; Chen, Liu, Zhang, Tang and Cheng, 1995; Ma, Gao, Su,
Guo and Li, 1995; Yang, 1996; Zhao, Zhang, Liu, Wu and Li, 1996; Wu and Xu,
1996; Li, Luo, Lu, Zhou and Fang, 1996; Zhang, 1996; Shangguan, 1996).

The analgesic properties of DHE were shown in the treatment of pain in various
diseases, i.e., angina pectoris, fracture, trauma, cholelithiasis, cholecystitis, renal
calculus, gastrospasm, duodenal ulcer (Ren, Gao, Xu and Liang, 1993; Zhang and Wu,
1994), thromboangiitis obliterans (Lu and Tang, 1995).

During the years 1991-1995, attempts have been made to use DHE for suppressing
withdrawal syndromes of heroin. Preclinical studies in rats and monkeys (Wang, Liu
and Qin, 1992) and clinical studies (Wang, Yan, Yang, Qin, Wei and Li, 1992; Su,
Lin, Shen, Zhang and Huang, 1992; Sha, Zhu, Liu, Wang and Zhang,1993; Lin, 1994;
Su, Lin, Deng, He, Wang and Huang, 1994; Su, Deng, He, Wang and Sha, 1994;
Yang, Yang, Li, Lu, Dong and Qin, 1994;Yuan, Tang, Li and Zhang, 1994; Sha, Liu,
Zhang, Cheng and Chen, 1994; Qin, Yang, Sha, Liu, Su, Yang, Li, Lu, Deng, He and
Luo, 1995; Li, Liang, Liu and Liang, 1995; Sha, Zhang, Cheng and Liu, 1997) showed
that DHE exerted a withdrawal syndrome suppressing effect in heroin addicts.
However, because of widespread DHE abuse in this country, the clinical use of DHE
for the detoxification of heroin addicts was prohibited by the health authorities.

4. Toxicology - Including Adverse Reactions in Man

This section describes animal studies and human studies of the possible toxicity
effects of DHE. These studies collectively suggest that DHE produces adverse effects
similar to those produced by opioids.

Animal Studies

Huang and Qin (1982) reported respiratory inhibition caused by DHE, the s.c.
respiratory inhibition ED,, of DHE, morphine and etorphine in rabbits were
0.86+0.18pg/kg, 5.15+0.08mg/kg and 1.3640.18pg/kg, respectively; the margin of
safety among analgesic EDj, and respiratory inhibition EDy, of DHE, morphine and
etorphine were 2.0, 1.0 and 1.2, respectively; 30 minutes after s.c. injection of DHE
and 45 minutes after s.c.injection of morphine, the volume of ventilation decreased
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most significantly and recovered to the level before drug administration within 3 to 4
hours; DHE 10ug/kg i.m. in dogs, or 2.86ug/kg s.c. in monkeys, the respiratory rates
of dogs or monkeys decreased by 30-50%. It was shown in the same report that DHE
exerted an immobilizing effect in mice, dogs and monkeys, the s.c. and i.c.v. EDy, of
DHE causing the loss of righting reflex in mice were 50+7 and 0.35+0.05pg/kg,
respectively.

The s.c. LD, of DHE in mice and rabbits were 82+17ug/kg and 0.047+ 0.016mg/kg.
The therapeutic indices of DHE in mice and rabbits were 174 and 109, respectively.

Animal experiments indicated that DHE inhibited the immune function (Xu, Guo and
Su, 1993; Wu, Li, Zhang and Li, 1997). Experiments undertaken by Xu, Guo and Su
(1993)showed that DHE administered s.c. to mice in a dose equal to 1-40 times of
analgesic EDs, in a gradually increasing manner within 15 days caused a decrease in
phagocytosis function of peritoneal macrophages, a reduction of the capability of both
splenocyte proliferation and antibody-producing cells and inhibition of the production
and activity of both IL-1 and IL-2. However, the immune-inhibitory effect was
weaker than that of morphine.

According to Wang, Zhang, Huang and Wang (1996a), when 4ug/kg of DHE was
injected intramuscularly into pregnant mice before parturition, the incidence of
cyanosis in the newborn mice was 13.8% compared with 7.4% in the control group,
showing a statistically significant difference (P<0.05). The same authors (1996b)
reported that 4pg/kg of DHE injected i.m. into the pregnant mice before parturition
caused a decrease in the weights of spleen and thymus in male F1 mice on postnatal
day 21.

The effect of DHE on neurobehavioral teratology in offspring of mice was studied by
Yin, Duan and Li (1996). High (50ug/kg), medium (0.5pg/kg) and low (0.05ug/kg)
dosage levels of DHE were given subcutaneously. Results showed that some indices
were inhibited by DHE when compared with the control group (P<0.05). Namely,
reflex development such as visual placing, movement coordination, learning and
memory function, and locomotor activity.

Clinical Studies

According to the clinical trial conducted by Wu and Sun (1991), the main adverse
drug reactions (ADRs) in 103 patients were dizziness (72%), somnolence (60%),
nausea (30%), vomiting (16,5%}), shortness of breath (8%) and constipation (5%).

The major adverse drug reaction of DHE when used for anesthesia was respiratory
inhibition (Huang, 1982). After intravenous injection of 0.3ug/kg of DHE, respiration
became superficial and the respiratory rate slowed down; DHE caused an
accumulation of CO, in blood and a decrease in partial pressure of oxygen. Three in
188 cases (1.6%) showed apnoea.

There were 22 reports published in medical literature during 1992 and 1997 with a
total number of 152 patients intoxicated from DHE (Zhao,1992; Cao and Li, 1992;
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Zhang and Ye, 1993; Luo, Ma and An, 1993; Ni, 1994; Wang, 1994; Wu, 1994; Yang
and Lin, 1994; Cao and Hua, 1994; Wang, Zhao, Zhang and Yang, 1994; Zhang, Liu,
Zhang and Wang, 1994; Li, Yang, Zhang and Tan, 1994; Huang, Li, He and Gu, 1994,
Yu and Guo, 1995; Zhao, Zhao, Zhang, Jin, Wu and Li, 1995; Jiao, 1995; Yang and
Qiao, 1995; Liu and Sheng, 1995; Han, 1995; Ai, Xu, Ren and Xu, 1996; Wang and
Wang, 1996; Cai, Qiao, Yang and Wu, 1997). The major symptom was respiratory
inhibition. The emergency treatment in 132 patients was successful and 20 patients
died of respiratory paralysis.

Li, Yao, Li, Li and Zhong (1997) reported the morphological study of 60 cases of
opiate addicts’cadavers which were divided into 3 groups, namely, 20 cases who
abused DHE only (group D), 20 cases who abused DHE with anileridine (group D+A)
and 20 cases who abused heroin only (group H). Results showed that significant
cadaveric ecchymosis, foamy secretion of mouth and nose, cyanosis of lips,
fingernails and toenails, obsolete and newly infected loci at injected sites, appeared in
all 3 groups of which the changes in group D and group D+A were more remarkable
than those in group H (P<0.01). Stiff eminence in musculus gastrocne- mius and
musculus masseter appeared only in group D and group D+A which could be
considered as the characteristic morphological change of cadaver of DHE addicts;
drug-induced myosis has not been found in all of the three groups.

Several adverse drug reactions induced by DHE in cardiovascular systems such as
bradycardia (Chang and Hu, 1995), shock syndromes (Liu, 1994; Tang and Zhang,
1994), angina pectoris (Liu, 1996) and atrial fibrillation (Tian and Zhang, 1996) were
reported. Furthermore, some authors reported that DHE induced anaphylactic
reactions (Fu, 1994; He, Zheng and Lu, 1994; Huang and Wang, 1995; Sheng, 1996;
Zhang, Wang and Wang, 1996), of which the symptoms included skin rash,
hypotension, dyspnea, dizziness, nausea, excessive sweating, pallor and palpitation.

In a few cases, DHE induced syncope (Wang, 1996), comatose state in a patient with
liver disease (Jia, Liu, Tan, Zhang and Xu, 1996), convulsion in an epileptic patient
(Jin and Wang, 1995), shivers in four limbs (Liu, Yang and Lin, 1995), ageusia (Li,
1994), Dong and Long (1993) all reported local irritation caused by DHE (ulcer,
edema and severe pain at local site of injection) in 15 patients after v.injection, Jin,
Liu, Li and Dai (1996) reported the severe damage of enamel in 5 patients caused by
sublingual administration of DHE. Furthermore, Qiu, Huang, Zhang and Qin (1994)
reported a DEA-induced erosion of gingiva in one addict who took DHE sublingually
over a long period of time. Song, Xu, Wang and Zhou(1997) found that among 60
cases of DHE addicts, there were 5 cases (8.2%) with hepatitis B.complications.

Pharmacokinetics

Pharmacokinetics of DHE were studied in mice (Huang, Wang, Yuan and Qin, 1988).
After sublingual (s.1.) administration of 2.36ug/kg of [15,16-’H] DHE (1/2 analgesic
ED,,) in mice, the pharmacokinetic parameters in blood and brain were: Co 321 and
621pg/ml or g, K 0.0166 and 0.0243min™, t,, 41.7 and 28.5min, Ka 0.273 and
0.095min’, t,,, (a) 2.5 and 7.3min, t,  10.9 and 19.2 min, C_,, 252 and 290 pg/ml or
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g, AUC, 1somin 18-2 and 20.5ng emin em!”, Vd 7.4 and 3.80L/kg, CL 122 and 92ml
skg' emin’!, respectively. After s.c. injection of 1.0ugrkg of [15,16-'H] DHE in
mice, the pharmacokinetic parameters in blood were Co 492pg/ml or g, K 0.0252min’
', t,, 27.7min, Ka 0.262min™, t,,, (a) 2.7min, t,,, 9.9min, C,, 334pg/ml or g, AUC,
somin 17.10g emin eml?, Vd 2.0L/kg, CL 75ml ekg' “min"'. After s.c. injection of
[15,16-’H] DHE, t,,, (min) and AUC.;50m (ng *min eml™) of different doses (1, 2, 4,
8, 16pg/kg) were 27.7 and 17.10, 38.5 and 40.69, 28.9 and 106.43, 22.4 and 185.97,
25.7 and 83, respectively. The calculated relative bioavailability of DHE s.1. was
29.2% of that by s.c.injection. The distribution of [’H] DHE in rat brain by in vitro
quantitative autoradiography was studied by Yuan, Yu and Zhang (1995). The high
density of binding sites was in patches of striatum, nucleus accumbens, I and Il
lamiminae of cerebral cortex, thalamus, habenula, amygdaloid complex,
interpeduncular nucleus and locus coeruleus. The mediate density of binding sites
was in olfactory bulb, other parts of cerebral cortex, superior and inferior colliculus.
The low density was in septum, hypothalamus and central grey.

Dependence and Abuse

Studies described in this section indicate that DHE is able to be abused by the human
population. Animal experiments indicated that DHE produces effects similar to those
produced by heroin, and its psychological dependence is even higher, as shown by
self-administration (SA), drug discrimination (DD) and conditioned place preference
(CPP) studies. Abuse of DHE occurred in China in the early 1990s and DHE is now
strictly controlled by the health authorities.

Psvchological Dependence Potential

Studies aimed to evaluate the psychological dependence potential of DHE by SA, DD
and CPP experiments have been undertaken. SA experiments were carried out in
monkeys and rats (Cao, Chen and Cai, 1990; Wang, Ha, Wang and Zheng, 1995;
Chen, Zheng, Xie, Wang and Cai, 1996; Wang, Wang, Ha and Zheng, 1996; Wang,
Wang, Ha and Zheng, 1997; Martin, Kim, Harris and Smith, 1997). DDexperiments
were undertaken in rats (Chen, Zheng, Xie, Wang and Cai, 1996). CPP experiments
were undertaken in rats and mice (Wang, Deng and Cai, 1993; Tokuyama,
Nakamura, Nakao, Takahashi and Kaneto, 1996; Liu and Zhang (1977). Most of the
above studies were conducted at the National Institute on Drug Dependence (NIDD)
of Beijing Medical University. All of the results, except those obtained by Tokuyama
et al (1997), indicated that DHE possessed a strong psychological dependence
potential. Zheng, Zhang and Cai (1995), Zheng and Zhang (1995) in comparisons of
results obtained by their colleagues in NIDD, pointed out that the potency of
psychological dependence potential of DHE was 5,000-10,000 times more than
morphine in SA experiments in rats, 500 and 100 times more than morphine and
heroin in SA experiments in monkeys, 8,125 and 1,188 times more than morphine and
heroin in DD experiments in rats, respectively, and 5,000 times more than morphine
in CPP experiments. According to Martin, Kim, Harris and Smith (1997), the potency
of the reinforcing effect of DHE in rats was roughly 1,500-3,000 times more than
morphine.
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Physical Dependence Potential

The physical dependence-producing properties of DHE were studied. All of the
studies showed that the physical dependence-producing properties of DHE were
relatively low. Huang and Qin (1982) reported that the withdral syndromes caused by
DHE in mice jumping tests were weaker than morphine. In monkey precipitation tests
and abrupt withdrawal tests, withdrawal syndromes of DHE were significantly weaker
than morphine. Cao, Chen and Cai, (1990) compared the physical dependence
potential of DHE, AP-237 (a domestic developed analgesic), morphine and pethidine
in mice jumping tests and precipitation tests in rats, results showed that the potencies
of physical dependence potential were: morphine at the top, followed by pethidine,
and DHE or AP-237 at the end. In the experiment undertaken by Tao, Zhang, Shi,
Ning and Cai (1992), DHE was given to rats and mice by drug-admixed-food method,
and by sublingual administration in mice, the results also showed the low physical
dependence potential of DHE. Zhang and Qin in rat experiments observed the
physical dependence potential of DHE when given by continuously intravenous
infusion. It was shown that the potency of DHE in producing physical dependence at
equivalent analgesic doses was lower than morphine, and the efficacy of DHE in
producing physical dependence at sufficiently large doses was also lower than
morphine. Results obtained by Tokuyama, Nakamura, Takanashi and Kaneto (1994)
in mice jumping tests also showed the weak potency of DHE in producing physical
dependence. Zhang and Qin (1995) in rat and mice jumping tests compared the
potency of etorphine, DHE and morphine in producing physical dependence.
Subcutaneous injection of 31 and 62 times of analgesic EDs; in mice and rats
respectively caused no evident withdrawal syndromes after precipitation by naloxone.
When 124 times of analgesic ED, of etorphine were used, the withdrawal syndromes
appeared, but they were weaker than those induced by 62 times of EDj;, of morphine.
In rat precipitation tests, drugs were given by continuous intravenous infusion, 10-20
times of analgesic EDj, of etorphine and DHE produced evident withdrawal
syndromes after naloxone precipitation, but they were still weaker than those induced
by equivalent analgesic EDs, of morphine.

Clinical Studies

Clinical signs of DHE dependence were reported by a number of clinicians who
worked in the treatment units for detoxification of opioid-dependent patients. Wang
(1993), Cui (1993), He, Lu and Zheng (1993), Wang, Qin, Zhang and Qiu (1994), Yue
and Wan (1994), Yu, Tian and Shen (1994), Zhang, Dong, Wang and Li (1994), Zhou
(1994), Qiu, Huang, Zhang and Qin (1994), Wang, Zhao, Zhang, Bai, Xia, Zhao,
Yang and Han (1995), Wang, Zhang, Zhao, Yang and Chen (1995), Cao, Sun, Xing,
Wang and Gao (1995), Xu and Qu (1995),Sun Fan(1995),5hi,(1995),Deng,
Li,Li,Fang, Li, Deng and Yuan (1996),Yang, Li, Shi and Wu (1997), Zhao and Feng
(1997) and Ning and Li (1997) have made observations on a total number of 1,267
cases of DHE addicts. There were two reasons for starting to abuse DHE - iatrogenic
and social. A number of DHE addicts started to use DHE for medical purposes.
DHE is highly effective for relieving severe pain and the patients increased the doses
because tolerance developed quickly. However, psychological dependence also
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developed quickly and the potent dependence-producing properties of DHE played a
dominant role in compelling the patients to start abusing the drug. Another reason
was a social one. DHE was used to replace heroin by opiate addicts because of its
stronger psychological dependence-producing properties, cheaper price, and less strict
control than heroin. Results of the above clinical studies can be summarized as
follows:

The withdrawal syndromes of DHE were similar to those of heroin, such as dysphoria,
craving, general malaise, anxiety, insomnia, intolerance of cold, chill, salivation,
lacrimation, perspiration, gooseflesh, yawning, pain in bone, muscle, joint or
abdomen, nausea, vomiting, diarrhea and palpitation. Usually the withdrawal signs
were weaker than for heroin, but in a few cases delirium, hallucination especially
visual hallucinations or convulsion may occur. According to Wang, Zhao, Zhang,
Bai, Xia, Zhao, Yang and Han (1995), the rates of appearance of withdrawal
syndromes of DHE were: perspiration, dysphoria, insomnia and craving (100%),
nausea, vomiting and diarrhea (75%), gooseflesh (72%), hyperventilation (62%), chill
(58%). In comparison with heroin, perspiration was more evident than that for heroin
(P<0.01), insomnia and craving were close to heroin (P>0.05). Total scores of
withdrawal syndromes of DHE (21+10) were less than those of heroin (29+5)
(P<0.01).

The period for establishing DHE dependence varied individually, as shown in seven
reports. The short period ranged from 10 days to one month (Yue and Wan, 1994; He,
Lu and Zheng , 1993; Yu, Tian and Shen, 1994; Shi, 1995), the medium period ranged
from 3-6 months (Qiu, Huang, Zhang and Qin, 1994; Cui, 1993; Wang, Qin, Zhang
and Qiu, 1994) and the long period was 11 months (Wang, Qin, Zhang and Qiu,
1994). Data in 17 reports showed that the daily dose of DHE for maintaining the
abuse varied markedly, ranging from 60pg (Yue and Wan, 1994) to 24,000ug (Qiu,
Huang, Zhang and Qin, 1994).

DHE developed significant tolerance. Data in 7 reports showed the variation of latent
periods of beginning tolerance, ranging from 3 days (Cao, Sun, Xing, Wang and Gao,
1995) to 4 months (Cui, 1993). The development of tolerance was usually earlier than
dependence. Qiu, Huang, Zhang and Qin (1994) reported two cases of DHE addicts
and one of them showed the order of starting times of tolerance and dependence
development. The patient took 20-40pg of subligual tablets of DHE at bedtime to
prevent insomnia - 15 days later the dose increased to 60-80ug. Three months after
commencing DHE medication, the dose increased to 300pg. Withdrawal syndromes,
including intolerance of cold, abdominal pain, nausea, vomiting, fatigue, yawning,
craving, occurred after stopping drug use. Dosage continued to increase and reached
16,000ug six months after the first dose, which had increased 800 times the original
dose.

In a study of Li, Nie, Zhu and Pang (1995), the comparison of pathopsychological
characteristics of two groups of addicts (DHE group with 32 cases; heroin group with
23 cases) was made. HAMD (Hamilton Depression Scale) and HAMA Hamilton
Anxiety Scale) were used. Results showed that the scores of HAMD and HAMA of
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both drugs were higher than in normal people, indicating that abuse of DHE or heroin
both produced pathopsychological damage to the addicts; results also showed that the
scores of HAMD on the first day (HAMD d1), the seventh day (HAMD d7) and
HAMA on the seventh day (HAMA d7) of the DHE group were higher than the heroin
group (P<0.05, P<0.01 and P<0.01, respectively). The difference of scores of HAMA
on the first day (HAMA d1) between both groups was not significant (P>0.05),
indicating that DHE produced more severe depression and anxiety than heroin. The
authors suggested that besides the use of anxiolytics and antidepressants in the
treatment of drug dependence, psychotherapy should be strengthened.

The influence of DHE and heroin on the endocrine system was studied by Wang,
Zhao, Zhao, Han, Yang, Fu, Li and Zhang (1996). Results of the DHE group (11
cases) in comparison with the normal group (26 cases) showed that, blood
concentrations of TSH and T, decreased (P<0.01), C peptide and insulin increased
(P<0.01), T, decreased, testosterone increased, but the difference was not significant
(P>0.05). In the DHE group, when compared with heroin group (29 cases), blood
concentrations of TSH and T, were lower (P<0.01); no difference in those of T,
(P>0.05). Those of C peptide, insulin and testosterone were higher (P<0.01). They
came to the conclusion that the pituitary-thyroid functions of DHE addicts were
inhibited and abuse of DHE raised the pancreatic and testicular functions.

Epidemiology of Drug Use and Abuse with an Estimate of the Abuse Potential

DHE was registered in China in December of 1992 and used effectively for relieving
severe pain. Abuse of DHE happened soon after it was introduced for use as an opiate
withdrawal syndrome suppressing agent in the early 1990s. DHE abuse spread very
quickly in the country and a number of epidemiological studies have been conducted
with the purpose of revealing the demographic characteristics of DHE abuse, situation
and reasons of abuse, relapse and poly-drug abuse, lifestyle of DHE abusers and the
consumption of DHE (Wang,1993; Zhang, Feng, Yang, Li, Zhu and Wan, 1993,
Chen, Yang, Liu, Jiao, Xiao and Ai, 1995; Cao, Sun, Xing, Wang and Gao, 1995; Liu,
Cao, Shi and Cai, 1995; Deng, Li, Li, Fang, Li, Deng and Yuan, 1996; Liu, Wang, Ge,
Zhang, Sun, Sun, Zhao and Cai, 1996; Li and Wang, 1996; Zhao, Li, Zhao and Feng,
1996; Cao, Sun, Xing, He, Wang, Gao and Liu, 1996; Cao, Liu, Lian and Mu, 1997;
Sun, Ren and Gao, 1997; Teng, Jiao, Gu and Han, 1997; Yang, Li, Shi and Wu, 1997;
Liu, Cao, Zh