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Abstract——Sub-lethal doses of nicotine have been shown to protect mice from the
lethal effects of subsequently administered doses of the same drug. The evidence
suggests that a metabolic product of nicotine is responsible for the protective action.
In an attempt to identify this metabolite it was shown that cotinine had no protective
action but that nicotine N-oxide and also the reduction product of cotinine both con-
ferred some protection. The pharmacological basis of the protective effect is not clear
but it may involve ganglion-blocking activity; the ganglion-blocking drugs hexameth-
onium and pempidine also protected mice from the lethal effects of nicotine.

IT HAs been shown by Hazard and Savini! that sub-lethal doses of certain nicotinic
drugs when administered to rats gave some degree of protection against the lethal
effects of subsequent higher doses of the same, or different, nicotinic compounds.
These authors distinguished between “autoprotection” when the same drug was used
in both cases, and “‘heteroprotection” when the drug used for premedication differed
from that subsequently used as the toxic challenge. Nicotine was the most effective
drug studied and it was shown that the time interval which elapsed between the
administration of the two drugs was of considerable importance. For example, an
intravenous (i.v.) dose of 2 mg/kg of nicotine (the maximum dose which could be
used without the risk of death) gave almost complete protection against the lethal
effects of 10 mg/kg of nicotine (twice the LDsg) provided the second dose of nicotine
was given within the period 30-110 min after the administration of the first dose.
Lobeline and procaine methiodide, whilst not exhibiting autoprotection, gave hetero-
protection against nicotine.

In the course of other work Barrass ef al.2 showed that pretreatment of mice with
a dose of nicotine corresponding to approximately half an LDsg raised, by about
eight times, the LDso of nicotine administered 40 min later. Since the time interval
between the two doses was of considerable significance it was thought likely that a
metabolite of nicotine was involved, and indeed administration of the metabolic
inhibitor proadifen (SKF 525A) prior to the first dose of nicotine reduced the pro-
tective effect significantly. Ethyl B-dimethylaminopropionate methiodide, another
nicotinic agent, showed no autoprotection, neither was there any heteroprotection
between nicotine and this drug.

In the investigation reported here a wide range of drugs was studied and an attempt
was made to identify the nicotine metabolite which might be responsible for the
protective effect.
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METHODS
Drugs

Cotinine was synthesised from nicotine by the method of McKennis et a/.3 Procaine
methiodide was prepared by the method of Jensen et al.4 Ethyl S-dimethyl amino-
propionate methiodide was prepared by the method of Barrass et /.2 2-(Bromo-
phenoxyethyltrimethylammonium bromide was synthesised by the method of Hey.?
Nicotine-N-oxide was a gift from Professor E. Boyland (Chester Beatty Research
Institute) and is gratefully acknowledged. With the exception of cotinine methiodide
and the reduction product of cotinine, the preparation of which is given below, the
remainder of the compounds were purchased from commercial sources.

Cotinine methiodide. Cotinine (3 g) and methyl iodide (3g) were refluxed 1 hr in
methanol (10 ml). Ethyl acetate was added to the cooled mixture and the precipitated
oil caused to crystallise by cooling. Recrystallisation from ethyl alcohol gave the pure
compound in 86 per cent yield, m.p. 154-156°. (Found: C, 41-6; H, 5-1; N, 8-:55%.
C11H15IN20 requires C, 41-5; H, 4-75; N, 8-89,.)

Reduction of cotinine. A slurry of lithium aluminium hydride (1-3 g) in dry ether
(20 ml) was added dropwise over 30 min to a stirred mixture of cotinine (10-9 g)
in dry ether. The mixture was stirred at room temperature for 5 hr, decomposed by
the careful addition of wet ether, filtered and dried over anhydrous magnesium
sulphate. The drying agent was removed by filtration and the solvent removed in
vacuo without application of external heat to give a pale yellow oil (5 g) which
was used as such for the toxicological studies. Examination of this oil by thin layer
chromatography revealed that it was essentially one compound, although faint
traces of nicotine and cotinine were present. All attempts to purify this material or
to prepare solid derivatives were unsuccessful. The biological activity of this prepara-
tion was lost over a period of 7 days at 0°.

Toxicological studies

Female albino mice of the Porton strain in a weight range of 18-25 g were used. All
drugs were injected either i.v. into a tail vein or by the intraperitoneal (i.p.) route.
In the preliminary experiments designed to obtain approximate estimates of the
LDso, groups of only two animals were used but all the LDso values quoted in this paper
were obtained from experiments in which at least four groups each containing five
mice were used. The ratio between doses was 1:1-5 and LDsg values were calculated
using the method of probit analysis.5

RESULTS

The experiments described in this paper were carried out over a period of approxi-
mately 2 yr. The intravenous LDs¢ of nicotine hydrogen tartrate to mice was deter-
mined at intervals and whilst the figures varied somewhat over this period these
varjations were not sufficiently large to warrant using different LDso’s in the calculation
of indices of protection. An overall LDsg for nicotine was therefore calculated, using
results from all the individual determinations (27 in all); this figure was 2:03 mg/kg
with 95 per cent confidence limits of 1-64-2-49 mg/kg.

Table 1 lists the results of experiments in which the LDsg’s of nicotine were deter-
mined after pretreatment with 0-8 mg/kg of the same drug given previously at various
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TABLE 1. THE INTRAVENOUS TOXICITY OF NICOTINE TO MALE ALBINO MICE PRETREATED
wiITH 0-8 mg/kg OF THE SAME DRUG (i.v.)

Interval between pre- LDs5o
treatment and LDso  (mg/kg with 95 per cent  Protection index*
determination limits)
(min)

5 20-8(17°0-25-3) 10-4
17 17-6 (12-5-25:T) 88
28 10-1( 6°9-15-8) 5-0
50 13-8( 9-8-355) 69

* LDso after pretreatment
Control LDso (i.e. 2:0 mg/kg)

times. This pretreatment resulted in significantly higher LDso’s at all times tested
between 5 and 40 min after the first sub-lethal dose of nicotine.

Table 2 shows the effect of the metabolic inhibitor proadifen (SKF 525A) on this
pretreatment. It was found to reduce the protective effect of the first, sub-lethal, dose
of nicotine to statistically nonsignificant levels.

A number of other drugs covering a range of pharmacological activities were

TABLE 2. THE INTRAVENOUS TOXICITY OF NICOTINE TO MALE ALBINO MICE PRETREATED
wiITH 0-8 mg/kg OF THE SAME DRUG (i.v.). SKF 525A (50 mg/kg i.p.) HAVING BEEN
GIVEN 40 min BEFORE THE PRETREATMENT

Interval between pre- LDso
treatment and LDso  (mg/kg with 95 per cent  Protection index
determination limits)
(min)
No pretreatment 31(2:4-4-0) 1-5
5 4-0(2-8-6°1) 20
40 4-2(3-1-5'8) 2-1

tested for their ability to influence the toxicity of nicotine. The results are listed
in Table 3. Pretreatment with the ganglion-blocking drugs hexamethonium and
pempidine gave a significant degree of protection as also did pretreatment with the
a-adrenergic blocking agent phentolamine. The only other drug which gave a signifi-
cant degree of protection was the nicotinic drug lobeline.

In another series of experiments the effect of pretreatment with nicotine on the
toxicity of some other drugs was studied. The results are given in Table 4. Nicotine
did not afford any protection against the lethal effects of any of these drugs and in
fact the LD5g of carbachol was decreased by pretreatment with nicotine.

The final series of experiments was concerned with investigating the effects of
possible nicotine metabolites, and derivatives, on the toxicity of nicotine. The com-
pounds investigated were cotinine and its methiodide, nicotine N-oxide, and the
reduction product of cotinine; the results are listed in Table 5. Neither cotinine nor
its methiodide affected the LDsg of nicotine, but the reduction product of cotinine was



B. C. BArrass, J. W, BLACKBURN, R. W, BrimBLECOMBE and P. Ricu

2148

*JUO[B SUIIOOIU JO JBY) WIOL] JUSISPIP Apueoyiudis 0%aT

aprpoyjow
a1y L1 oy Al 0 DIUTIODIN syeuordoxdjAyrounp ¢ 1Aqig
@9-1-0) 0¥ oy
(C-9T-$8) =L-11 S Al ¥ QMUTOIIN SPLIOJYSOIPAY SU[JRQO™T
@11 €2 oy AT 11 S119Y1SaBUE [BO0] SPIPOIYISW SUIBIOI]
(z£€1) 0T oF
€T L1 § Al LI-0  OIULEdSAIA pUE SIUNODdIN apuo[yd duljoysfhowreqIe))
(L€-1'0 82T 0¢ dn LI o1 ourjoydIIuyY ayeydins surdony
2pBY20[q
($6-9-€) +9% 0t dy [vd J01dosroudrpe-v ayeuoydins SUBLIDW SUIUB[OIUSYJ
apeyo0lq Je[nosnuoInoy
Hv-9-1) $¢ o7 "d €0 Bursuejodop-uoN 2PLIO[YD SuNRINdOqN L,
(8-9¢-€-67) +TLE 174 "dy £C apedoolq uorduen syenae) auipidag
SPEIOO]q IR[NOSNW
r£-0-1) 0T (V7 d' e -ornau Susurejoda(] OPILOLG WRILOYIAEI(]
{S-LT-6-9) «L-01 174 dy ot apeso0[q UoHBURD) SPIWOIq WNIUOYIOUIBXIH]
(uruw) uon
(syunj ued ~BUIISD 05T uoroe Fniqg
Iod g6 yim 83/8w) pue jusunesnasd  uonenswiupe  (8y/3u) [em8ojocewreyd

aUIOdIU 08T

U2OM)Oq [BAIU]

Jo ooy

350¢] Jo adfy urey

$OHMNYEd ¥HHIO H1LIM

AALVIELAE HOIN ONIHTV HTVI OL ANILIODIN JO ALIDIXOL SNONIAVHINI dH] "¢ TV ],



2149

Modification of nicotine toxicity by pretreatment with different drugs

“juduneanaid sunosiu £q pagueys ApuroyIUSS 09aT 4

(8:11-5-8) 66 oy
©-S1-8-L) 801 1 619 8L UBOOIN 9PLIOYI0IPAY TGO
SPIUCIGOYIW 33410 [Ausydowolq
(1-1-¥5-0)9L-0 oy @-1-¥L-0) 11 dIUNOdIN - [AYIR0UIURIAYIBICL-T
sprpoyow
(81-0-£€-0) 00 ov (£5-0-SE-0¥ €0 DITHOdIN syenoidosdouuelAyIwIp-§ 1AGHT
Sy €€ oy 8y 90 s¢ SMNOMIN SPIPOI WRIUOWIWLEIAYIatuenay,
SPEND0]q Tenosnil
rL-0-9%-0) ¥5-0 ov (98-0-15-0) 65-0 -oInau Juistgoda(y SPUOIYO SUNOYDJAUIING
9-1-£6-0) ¥1 ov L1809 Tl SrpooN  apipor wntuizesadid-JAusydiAgion(y
opeyo0[q IRNasnl
{€-1-68-0) O] op (Z-1-950) 60 ~oInau guistrejodaQ SPHUOIG WATUOYIBIEIS(Y
(81-0-92-0) §£-0 14
{LE-0-81-0) 9T-0s s (81-0-6£-0) TH-0 JTULIEOSTU PUR JUNOSIN SPLIOJYD auijoydfAomieq ey
(spwj 310 (uur) uon (snuany
Jad g6 gum Sy/Bw)  -BUIUINAP 95aT  Jued 1dd g6 ynm Sy/3uy uonoe
yusuayeaiard pue jusuryea;drd 0sat [esiBojosewreyd gniq

oupoou I9Ye 05a1

U3aM1aq [RAISIU]

Jo adKy urey

$OMYA YAHIO0 FWO0S 40 IDIN ONIFTY TV OL XLIDIXOL HHL NO
(Bv/8w §-0) ILVELNVL NIDONAAH ANILOOIN HLIM INFWIVEYLIN 30 IDF443 IH ], 'y 18V ],

BP 3G



2150 B. C. BARRASS, J. W. BLACKBURN, R. W. BRIMBLECOMBE and P. RicH

highly effective, elevating the LDso of nicotine some nine times when given 5 min
before nicotine; after 40 min the protection was still six-fold. Nicotine N-oxide was
also effective, elevating the LDsg of nicotine nine times when given 40 min before the
nicotine; when the time interval between the doses of drugs was reduced to 5 min,
the protection effect was 4 to 5, this latter figure being only approximate due to lack of
material.

The effect of pretreatment with nicotine on the toxicity of the reduction product
of cotinine was also tested. The results, given in Table 6, show that nicotine given

TABLE 5. THE INTRAVENOUS TOXICITY OF NICOTINE TO MALE ALBINO MICE PRETREATED
INTRAVENOUSLY WITH POSSIBLE NICOTINE METABOLITES

Interval between LDso
Dose pretreatment and (mg/kg with 95 per  Protection index
Drug (mg/kg) LbDso determination cent limits)
(min)

Cotinine 0-8 5 1-8(1-2-2'7) 09
40 1-7(1-1-2-4) 0-85

Cotinine methiodide 0-8 5 2:2(1-0-3-7) 1-1
40 1-9(1-3-2-6) 0-95

Reduction product of 08 5 18-8 (16-0-22-1) 9-4

cotinine 40 12:6(8-6-18-0) 63

Nicotine N-oxide, 2HCI 285 5 *4.5 22
40 17-7(15:1-20-9) 8-85

* Approximate value only. Insufficient material for accurate LDso determination.

TABLE 6. THE EFFECT OF PRETREATMENT WITH NICOTINE HYDROGEN TARTRATE (0-8mg/kg)
ON THE INTRAVENOUS TOXICITY TO MALE ALBINO MICE OF THE REDUCTION PRODUCT OF
COTININE

LDso of reduction Interval between pre- LDso after nicotine

product of treatment and LDo pretreatment
cotinine determination
(mg/kg with 95 per (min) (mg/kg with 95 per
cent limits) cent limits)
20-1 (15-6-25-5) 5 33-6 (24-5-45'7)
40 36-3(26:4-49-8)

5 min before the reduction product had no significant effect on its LDsg but when it
was given 40 min before the reduction product there was a significant elevation of the
LDso with a protective index of 1-8.

DISCUSSION
The results reported confirm earlier observations!.2 that sub-lethal doses of
nicotine will protect mice against the lethal effects of subsequently administered doses
of nicotine. They also strongly support the suggestion, made by Barrass et a/.2 that
a metabolite of nicotine is involved in this process. McKennis et al.3 have shown that
in the dog, nicotine (I) is metabolised to cotinine (1I) and they claimed that cotinine
is the first isolable metabolite of nicotine.
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Rowever, mice pretreated with cotinine were not protected against subsequent
lethal doses of nicotine given either immediately after the pretreatment or 40 min
later. This experiment shows quite clearly that cotinine is not the active metabolite
nor is it on a metabolic pathway leading to the active metabolite. This active metabolite
therefore must either be on a parallel metabolic pathway or be a precursor of cotinine,
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Hucker et al.7have proposed that the metabolism of nicotine proceeds initially by a ring
hydroxylation to form hydroxynicotine (IIT) and this is then converted into cotinine.
These workers showed that metabolism of nicotine in liver homogenates gave a com-
pound which was not cotinine and which gave characteristic aldehyde reactions; they
suggested this was III. It seemed reasonable therefore to try to prepare III and to
study its biological properties. Lithium aluminium hydride reduction of cotinine?
gave a material which was highly effective in protecting mice against the lethal effects
of nicotine, moreover it exerted its protective effect immediately. In agreement with
previous work? we found that this compound was extremely unstable, as could be
predicted from its structure as a carbinolamine. All attempts to purify it or to make
solid derivatives led to the formation of insoluble polymeric compounds. Investiga-
tion of the freshly prepared material by thin layer chromatography indicated that
it was essentially one compound although two faint spots corresponding to nicotine
and cotinine respectively were apparent when the plates were examined carefully.

Nicotine N-oxide also conferred some degree of protection against subsequent
lethal doses of nicotine, but in contrast to nicotine and hydroxynicotine, the effect
of the N-oxide was slow to appear, being maximal about 40 min after administration.
It is possible that nicotine N-oxide is converted into hydroxynicotine in the body but
there was insufficient material to carry out the additional experiments required to
establish this point.

These experiments do not provide any explanation of the pharmacological basis
of this protective effect. Hazard and Savinil considered that it was due to the inhibi-
tory action, secondary to the excitatory phase, of nicotine at the autonomic ganglion.
The fact that ganglion blocking drugs such as hexamethonium and nicotinic drugs
such as lobeline also protect against nicotine poisoning appears to support this con-
tention. It is difficult, however, to see why this effect seems to be so specific and in
particular why the toxicities of nicotinic drugs other than nicotine itself are not
similarly modified by pre-treatment with the nicotine metabolite.
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