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Ultraviclet absorption spectrum of isolated morphine-gluta-
thione conjugate ( 4

-} 0 agueous solution and morphine { —— = ) in
ethanol sciution,

paper chromatography sequentially in solvent systems?
(sec-butanol—teri-butanol-2-butanone—water, dicthylamine
(40 :40:80:50:1) and sec-butanol-88 per eent formie
acid-waier (751 151 10) ) confirmed the presence of glycine,
glutamic acid and cystine in the hydrolysate.

These observations furnished strong evidence for
conjugation of glutathione with morphine through a
covalent C—3 bond. N-[methyl-1C] codeine and N-[methyl-
H(] morphine 3-glucuronide in similar conditions gave
evidence of formation of 23 and 20 per cont of respective
conjugates. N-[methyl-C] morphine oxide in similar
conditions without ferrous iron also showed the formation
of eonjugate (33 per cent). 7,8-H-dihydromeorphine did
not give the interaction product in these conditions.
Although, the exact mechanism of addition of glutathione
to morphine is not clear, the probable positions 2, 11
could be ruled out for these would involve the formation
of a semiguinone at 3-phenolic group which could not
oceur in the case of codeine and morphine 3-glucurcnide.
One possibility is conjugation at C8 with addition of
glutathione at the 7,8 double bond by activation of
this bond through partial conversicn of 6-alecholic group
to a ketone (morphinone) by the redox system of the
large excess of glutathione. Addition of thiols to double
bonds by free radical mechanism?-® and to «,B-unsatnrated
ketones™® has previously heen reported.  Attempts to
prepare larger guantities of interastion product by con-
densation of stoichiometric amounts of morphine and
glutathione have not been successful.

Reaclions of glutathione with adrenaline®, adreno-
chrome!®, oestrone and oestradicl'bi2 to give peptide
conjugates have recently been reported and it has been
postulated that these may have a carrier-type action
and may regenerate the original ecmpound at appropriate
#H. The high concentration of thiz tripeptide in rat
liver? and presence of a rabt liver enzyme catalysing
conjugation with ghitathiono of a wide variety of com-
pounds have alse been deseribed’s, Minor conjugation
of morphine with some ninhydrin-positive material +n
vive In the dog has recently been roported!s. Synthesis
of protein and RNA are apparently required in the central
uervous systemn for development of tolerance to narcotic
drugs in experimental animals and agents like actinomyein
D block the development of such tolerance!s. Tvidence
has recently been presented’’ that a watcer-soluble dialys-
able smnall peptide or protein extracied from the brain
of tolerant rats or dogs could confer tolerance to analgesic
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effecte of morphine when injected into mice, Further,
studies™ on distribution of N-[mefiyl-14C] morphine in the
central nervous systemn of nontolerant and tolerant dogs
have shown that higher levels of “conjugated’ morphine
were usually found in temporal cortex (white and grey}
of tolerant compared with nontolerant doge, and levels
of free morphine were much lower in tolerant dogs after
4 h compared with nontolerant, snd thizs “conjugated’”
morphine could not be demoustrated in the tcmporal
cortex of animals troated with nalorphine. Studies?® on the
intracellular distribution and tissue binding of 7,8-[*H]
dihydromorphine in the rat which were simnilar to thoso
reported?® for N-[methyl-11C] levorphanol have shown that
brain nuclear fraction associated with nuclei and cell
membranes consistently contained 10-20 per cent of
radioactivity of homogenate, implying association of a
portion of this drug with cell membranes. The interaction
of merphine and glutathione in such mild conditions is
interesting because, if this were to cceur in brain, not
only might protein structure he altered but reaction
with SH enzymes and change in cellular thiol groups
might mterferc with metabolic processes; and this might
bear on development of tolerance to morphine-like
analgesics.

This study was supported by the TUS Public Health

Service. We thank Dr Frank H. Cheng for help with
electrophoresis.
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Marijuana and the Use of Other Drugs

It is well established that the use of marijuana by young:
people is positively correlated with at least the experi-
mental use of other drugs!. The probability that an
individual uses the strong hallucinogens such as L8D-
and other drugs rises sharply with inereasing frequency
of marijuana use?, Such associations are not, of eourse,
sufficient to establish causal rolationships between the use
of one drug and another. It seems quite likely that
important sociological factors contribute to the pro-
gression from marijuana to more hazardous drugs. Goode
has found that frequent marijuana users tend to limit
their social life to persons in the illicit drug subculture
and thus frequently have the opportunity of trying:
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other drugs?.  Chronic marijuana intoxication may also
contribute to the generally poor reality orientation
manifested by many adoleseent drug users. This, in turn,
can lead to poor judgment coneerning the use of the
more dangerous drugs. On the other hand, it has been
found that older users of marijuana, introduced to the
drug about 20 years ago, contain a much higher than
average proportion of heavy alecohol users, which suggests
that personality and other pre-cxisting variables are also
related to tho use of multiple intoxicants®.

An unexplored aspect of the interaction hetween the
use of marijuana and othor drugs is the effeet of sup-
pressing the marijuana market. A shortage of marijuana
was reporied during the summers of 1968 and 1969,
The United States administration sought further to
diminish the supply by means of Operation Intercept
during the autumn of 19691, Some of the rumoured offcets
of the shortagoes woro higher prices, the sale of poor grade
marijuana grown in the United States and an inecreasc
in the use of other drugs as substitutes for marijnana.
We have investigated the effects of t{hese shortages
during the stmmer of 1969.

In Oectober 1969, during Oporation Inicreept, we
surveyed 478 students from a university in Los Angeles,
and 116 patients from the Los Angeles Free Clinie which
specializes in ireating drug users. The stadents were
members of one gradunte and two undergraduate psycho-
logy classes. Beecause we were primarily interested in the
interaction between the use of marijuana and other
drugs, wo included o large (334 members) somewhat
unorthodox class in human relations which we thought
would contain a fairly high proportion of marijuana
users.  Thus the results are not representative of the
meidence of drug use in the overall campus population.
The mean age of the sample was 20-1 yr, and it was il
per cent malo, 91 per eent white, 84 per cenl single,
and had completed 136 mean yr of school.

The patients were people attencding the clinic on twao
successive nights. Their mean age was 20-9 yr, and they
were 38 per cent male, 97 per cont white, 86 per cent
single, having completed 14:8 mean vr of school. Of
these people 51 per cent were in full or part time employ-
ment, 28 per cent were unempleoyed and 21 per cent
were students.

Data were collected by means of an anonymous, self-
administered guestionnaire requiring about 5 to 10 min
for completion. ltems were designed primarily to reveal
the incideneo and frequeney of use of various drugs;
whether those using marijuans had reduced their usc
during the previous & months as a consequence ol its
mnavailability; whether the frequency of use of other
drugs had increased as a result of the shortage of mari-
juana. We also compared the prices paid for marijusna
during the spring, summer and auturnn of 1969,

Btudents completed their questionnaires duering a
clags and the response was virlually 100 per cont. The
study was simply deseribed as a survey of patterns of
drug use being conducted as a graduate student project.
In the Free Clinic gquestionnaires were passcd oub in the
waiting room with the approval of the administrators.
Virtually everybody attending agreed {o complete the
form,

As with other surveys of this type, the validity of the
results depends on the cooperation of the respondents.
Tt might be argued that somo answers would be biased
so as to refleet unfavourably on the current drug laws,
and our only safeguards against this were the usunal
pleas that the walidity of the study depended on the
accuracy of the answers, plus the fact that it was a
student projeet rather than one conducted by the school
administration. In addition, thore is the advantage of a
virtually 100 per cent response, (The difficulty of obtaining
accurate self-report information on drug use has probably
been overemphasized —most  investigators find  that
people are remarkably candid in providing svch data.)
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Table 1 shows the pereentage of students and pationts
who have used various drugs, and the current frequency
of marijuana use. The incidence of use among the ninety-
gseven memhers of the sceond undergraduate class in
introductory psychology was much lower than in the
large, atypical class (for example, LED or other strong
hallucinogen, 10 per cent; and opiates or cocame, O per
cent). Th iz interesting that fewer students ithan patients
usect tobaceo ond aloohol.

Table 1, INCIDEXCE OF DRUG USE FOR STUDENT AND ¥REE CLINTO SAMPLES
Students Yree ¢linie
Drug Mals Female NMale Temale
(N—245) (N=233) (N=44) (N=72)
Fereent  Fer cent Per cent  Per cent
Tobaceo (current) 29 21 68 37
Algohol { > 2 drinks/day) (i1 L 24 9
History of heavy aleoho] use* 2() O 43 31
Mar{juana (1 or more fimes) 73 49 95 a3t
Thaily 3 1] 32 24
3-6 times/week 11 & 24 24
1-8 times/month 30 20 23 3
<1 time/month 29 =3 14 17
Hashish {1 or more times) 23 35 9y &9
Any non-medieal use of;
Sedatives 14 13 a7 60
Stinlanls a2 21 24 67
L&D 24 8 B2 64
x5 times 13 3 54 43
Other strang hallucinegens 30 14 79 T4
(pinm, morphine o1 cocaine 4 3 65 4]
=0 tines 3 1 40 20
Heroin 3 & a7 24
=5 limes a5 4] I# Lt
Metllmmpheiamine (injected) 3 )] 20 24

* lleavy aleohol use deflued ag five or more drinks during 34 h, two or
more times per week for a minimum of 1 year,

Table 2. DRUG TSING BEHAVIOUR AS A FUNCTION

MARIJUANA USE: STUDERT SAMPLE

Marijuaba use by males  Marijuana uze by females
0-14) times >10 times  0-10{inmes =10 tines
<1xmf =huj <lxf =l

wl wk wlc wk
[N=122) (N==81) {N=62) (N=161) (N -14) (N ~2&)

OF PREQUENCY OF

Tiehusviour

Drug use I'er cent Percent Percent l'er cent Percent Porcent
Tobatco (current) 16 81 o 13 43 32
Aleohol (=2

drinke/day} 2 i 16 0 2 4
Hisiory of heavy

alephol wse 13 20 A4 3 ] 11
Lip 2 17 72 0 17 39
Opinm, morphine

ar cocing 2 12 41 0 7 10
Tlercin 1 2 10 0 G 0

Murijunana*

as had own

supply = 30 -5 = 25 B
Prefers hashish {o

marijuana t — 39 48 s 42 32
Experienced mari-

juana shortage — 38 53 — 54 ]

Substitided
other drugs
¢ine, ale.) — aR 44 — il 46
* Thesa questions were only asked of those who had used marljuana more
than ten limes, . i i . .
1 Percentage of those having experience with both hashish and marijnana,

Table 3, DRUG TRING BEHAVIOUR AS A TUNCTION OF VREQULNCY OF
MARIJUANA USE: FREE CLINIC SAMPLE
Marijuana Marijuans
use by males usc by females
‘Behaviour s fwkt 23xwk =2 xiwk® =8k iwk
(N 12y (N=25) (N- 28)  (N=36)
Drug use Per eent Per cent Per ecnt  LPer eent
Tabaceo (current) o8 i a7 a1
Aleahol { > 2 drinks/day} 450 2 14 L]
History of heavy aleohol use &0 48 32 33
18D 75 a6 47 33
Opium, morphine or cocaine 30 au 43 5l
Heroin 0 54 33 24
Marijuana
Has had own supply 50 &7 i) &1
Prefers hashish to marijuana 60 57 43 fid
BExperienecsd mmarijuana _
shorlage 50 2 35 47
Substituted other drngsy
(including aleohol) 42 64 17 44

* Dpes uot ioelude respondents who reported using warijuasa less than
ten {imes.

Tables 2 and 3 show the incidence of other drug use as
a funection of frequency of merijuana use for the two
samples. It was necessary to group the data differently
for the student and Tree Clinie samples beeause of the
much higher frequeney of marijuana use in the Jatter.
The use of other drugs is strongly eorrelated with the
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frequency of marijuana use in the student group, and to
a lesser exlent in the sample of patients. For the latter
group, there is a reversal in torms of alechol nse—frequent
marijuana users report less use of alechol; subsample
sizes are relatively small, however,

Tables 2 and 3 also detail other behaviour related to
marijuana use for people using it ten or rnore times.
The information about supply gives the percentage of
respondents who sometimes, or generally, have thoir own
supply rather than depending on marijuana provided by
others. The preference for hashish over marijuans is
more comuuon among palients than students. Of those
using marijuana ten or more times, 44 per cent of the
sludents and 51 per cent of patients reported that their
frequency of marijuana nse was below normal at some
time between May and October 1969, as a consequence
of the unavailability of marijuans. Of those reporting
a shortage of marijuana, 76 per cent of students and
84 per eent of patients reported that they increased their
consumption of one or more other drugs (including
aleohol} beecause of the unavailability of marijuana.

Table 4, PERCENTAGE OF RESPONDENTS TDXPERIENCING MARLIUANA
SHORTAGE WIO SUBSTITUIED O0THER DRTGS
Students Free clinic
Druy Male Feinale Male Female
(N=58) (N=30) (N=24) (N=25)
Hashish 52 37 54 44
Aleohol 55 23 50 48
Sedatlves ] 10 29 24
Stimulants 1i I 21 ie
LS 16 7 a0 48
Other strong hallucinogens 23 13 37 28
Opiates or cocaine 2 g 25 24

Table 4 shows the drugs which were substituted. For
the students, an inerease in the consumption of other
drugs was largely limited to hashish, alechol and the
strong hallucinogens. The patients had @ similar pre-
forence, but a significant number also reported sub-
stituting scdatives, stimulants and opiates.

During the spring of 1969 the mean cost of marijuana
per ounce reported by the respondents was $10.13. In
Octaber 1989, the mean reported price was $11.87 per
ounce- -an increase of 17 per cent.

In countries where cannabis (marijuana) has been
regulated by the Clovernment, its relative popularity
with respect to alcohol has been manipulated by varying
the respective taxes’. Similarly, suppression of opium
availability in India resulted in increased use of canna-
bist. It is not surprising that reduced availability of
marijuana in the United States results in the substitution
of both licit {alechol) and illicit intoxicants, The current
marijuans epidemnic is too new, and too much in a state
of flux, to permit an asscssment of the net consequences
of redueing its availability solely in terms of the sub-
stitution of other drugs. The cffective suppression of
marijuana might well deerease the number of adolescents
who start to use illicit drugs. On the other hand, the
results of our survey indicate that there is a need to
consider how social policies directed at controlling one
drug affect, behaviour with respect to competing intoxi-
cants.

This work was supported by the National Institute of
Mental Health, US Public Health Service. Computing
assistance was given by the Health Sciences Computer
Tacility of UCLA, sponsored by a grant from the National
Institutes of Health.
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New Rodenticide, *‘MR-100’, containing
a Taste Enhancer

It has usually been assumed that the more acceptable
a redenticide is, thoe more offeetive it will be in the field
control of rats, but this has not been verified experimen-
tally: we nmow report data supporting this supposition.
The most effective rodenticides for domestic and agri-
enltural use are the anticoagulants, and grain has hitherto
been the inost suitable carrvier?,

A new material ‘Dexide’, developed by Monsanto,
geems to be particularly acceptable to white rats, f.
ratius, and E. norvegicus, probably because it enhances
the taste of the carrier grain. In & programmo of tosts
to evaluate this compound, we considered variables such
ag the types of grain, grain size, ratio of components,
moilsture level, metheds of formulations, preservatives,
physical form, and altornative taste onhencers. We
measured acceptability in terms of comparative con-
sumption in cage tests, first with white rats and, then,
for confirmation, with B. norvegicus, B. rattus and Mus
musculus. On thoe basig of our results, wo havo formulated
a new rodenticide, ‘MR-100°, containing 3-(x-phenyl-
B-acetylethyl)-4-hydroxycoumarin (“Warfarin®) (0-025 per
cent), ‘Dexide’ and N’-2-quinoxalylsulphanilamide
(sulphaquinoxaline) (0-026 per cent}. ‘Dexide’ is a
carbohydrate with flavour material. The rate of con-
sumption of this material was enhanced six to one com-
pared with conventional grain-based, anticoagulant
rodenticides.

We report here compuarative studies which include
evaluations of other rodenticides referred to as ‘A’ and
‘B’. Reodenticide ‘A’ is a grain-based material containing
‘Warfarin’ (0-025 per cent) and ‘B’ is a pelletized, grain-
based material also containing “Warfarin® (0-025 per cent}.
BEach compound was assessed in three cage tests, two
of which were run simultancously and the third two
months later. We used nine wild rats {(R. norvegicus),
individualiy caged and given water ad Ithitum and a
choice of ‘MR-100', commercial rodenticide, and fresh
ground grains (61 per cent corn meal and 39 per cont
ground oats).

Table 1. CAGE 'TEST COMPARISON OF ‘MR-100° WITH FRESH GRAINS AND

OTHER RODENTICIDES

Percentage of total consumyption Preference ratio

‘MR-100° *ME-100%!

‘MR-100"  Grains Rodenticide kraing  rodenticide

p o pn
Total population  86-5 22-8 10-8 30:1 6-2:1
Female 596 26-8 138 22:1] 44 :1
Male 728 18-9 &3 38:1 87:1

wpn g
Total population 621 345 33 18:1 19:1
Temale 49-0 46-2 4-7 11:1 10:1
Male 753 22-6 1-9 33:1 401

No significant differcnce between the results of the
three tests was detected; the average consumplions for
the total population of male and female rats are given
in Table 1, All rgts preferred ‘MR-100° to either rodent.-
icide or to fresh grains, although the prefercnec was
more enhanced in males. Because rodenticide ‘B’ proved
to have the poorest acceptabiliby in these tests, ‘A’ was
selocted for the ficld tests. Although tests had shown
that ‘MR 100°, which contains stabilizing additives,
maintains its effectiveness over time, to compensate for
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