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Some Observations on the Pharmacology of Mitragynine

E. Macko, J. A. WEesBacH awp B. DovucLas

Research and Development Division, Smith Kline and French Laboratories,
Philedelphia, Pennsyloania, U.S. 4.

e

Abstract-——Mltragynme (BK & I 12711), an indole alkaloid obtained
“sftom the tree Mitragyna speciosa possesses pain threshold elevating and
: ightitussive properties in animals. Unlike the narcotic analgesics, this
:drug has little effect on gastric mobility, fails to produce excitement in
Jats; is not antagonized by nalorphine, has only weak respiratory de-

: gressa.nt action in the anesthetized animal and is chemlcally unrelated
fo“iny known analgesic agent.

- ﬂl\'?l':ifh:‘ragyninc (SK.&F 12711), an indole alkaloid obtained from the tree,
a,ﬁfztragyna speciosa, was first isolated and named by Field (1) in 1921. She

T

: J“';gglated the formula to be Cg,H,, O;N. More recently, in 1963 Joshi et al. (2)
; ﬁued the structure of Mltragynmc from a chemical study, and their ﬁndmgs

: I'\IP':

wn it

system this is substituted on adjacent carbon atomns with ethyl and methyl
ethoxyacryiyl groups. A trans relationship exists between the methoxy-

O-CH,
// i
W
SN\
! H
H -
Hom &c,Hs
H;C—O—%—C=CH—O—CHS
o
Mitragynine (SK & F 12711)
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Ly

P 424

carbonyl and methoxy portions of the methyl p-methoxyacrylyl substltugf,f‘&‘.
the quinolizine ring system. )

The use of Mitragyna speciosa 18 weli-documented in the folklore* of ﬂ.;
natives of Siam, Malaya, Borneo, the Philippine Islands and New Gu
Manske (4) described its use in Siam, where the natives chew the leaves gs‘a
narcotic; in combination with the leaves of M. parvifolia, it enjoya an- v
deserved reputation as a cure for oplum a‘gl,diction. Grcwel 3 dism§~5%

T
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muscular and mental fatigue in a limited number of patients, but Wlt'hou

R

A

success. Later, Thuan (7) described a single case of drug addiction with ‘\ﬁltra
gynine. In 1957, Douglas and Kiang of the University of Malaya Supphed,oﬁ‘l?
laboratory with a crude mixture of the non-quaternary alkaloids from M. s:peaﬁsﬁkh
Th1s migture was found to cxh1b1t analgesic act1v1ty in anunals and it qﬁg

this alkaloid seemed warranted, since the hteraturc contains little mformatmp
on the pharmacological action of the alkaloids of M. speciosa. Our prelimindry
studies indicated that the single pure alkaloid might be extremely potent, ami
that it might offer some advantage over existing analgesic drugs.

3

Methods

In this review, all doses of the compounds tested are expressed in terms ofé" 2 >
the free base. SK & F 12711 (*) was administered as either the hydrochlonﬁ ;
salt, desipnated ‘-A’, or the ethanedisulfonate salt, *-J'. To convert the fregy
base dose to either salt form, the free base value should be multiplied by 1. lﬂf‘
or 1.25, respectively. The salt form of the other compounds used, and theg
appropriate conversion factors (for free base to salt form), are as follows: codeiniéy
as the phosphate salt (1.41), and dextropropoxyphene as the hydmchlondet
salt (1.11). SK & F [2711-A or -] was prepared as a weakly acidified aqueous
solution of pH 4 to 5. All standard agents were freely soluble in water. Unleds’> 2 5
otherwise stipulated, the EDj, values were calculated by the method of thﬂhﬁﬂld ~- y
and Wilcoxon (8); these values indicate dose levels of the free base at which
50 per cent ef the animals exhibit a mgmﬁcant ph.armacologlcal effect. In 2111

strain of rat was used.

Reaction to Naciceptive Stimulus
1) D'Amour and Swmith test. Analgesia is defined as an elevation of pain

(%) This pure alkaloid was isclated from the leaves of the Malayan plant, Mitragyng ‘
speciosa, by Dr. Arnold H. Beckett, Chelsea College of Science and Technology, London. "
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£ w‘th;eshold it was determined by a modification of the D’Amour and Smith
4 pmcedure (9). Fasted rats are restrained in cylindrical wire cages. The tails
' Vare blackened with Flo-master (*} quick-drying black ink to produce uniform
hght absorption, and the noxious stimulus is delivered by a 100 watt CDJ
:General Electric projection lamp (2,000 lumens, 120V), housed in a2 semi-
.k pollshed aluminum box which acts as a reflector. A convex lens produces a
L focal point 3 mm. in diameter, The intensity of the light beam is regulated by

hoxyacrylyl substituent of

v

o LTy

ed in the folklore of th,c

son, its effects on isolateds ™
:m of anesthetized animals,
of Mitragynine acetate oigz .
- of patients, but withogﬁ-

" sicaljcm?fsec., respectively. The rheostat is adjusted to give the desired average

Wlt]l the light. The rat’s tail is placed on a grooved block at the focal point of.
,light beam. The light is apphed and then extmnghed when the rat flicks

y alkaloids from M. specipsg: - i} Ammals are screened twice, with a 30 minute interval. The individual reaction
ity in animals, and it was.»{'
uent which might be prin. ;
1. Further investigation off -

contains little informatigf
I. speciosa. Our prelumnaryﬁ
it be extremely potent, ;mdz

algesic drugs.

ehmmated from the study. The cutoff value'is approximately the average
proae *i-‘ea‘ctmn time, plus two standard dewatlons Any animal w1th a reactmn time

alges:a is calculated quantally, and provision for ‘Analgetic’ controls is
“accord.mg to the following formula:

% experimental — %, conirol % 100 .
100 9% — 9%, control

3

% )*ngdy, Wolff and Goodell test. A modification of the Hardy, Wolff and
?‘Gfgng A ; (10) test described by De Sanctis et ul. (11) employs trained dogs to
x;i*eh’ﬁ’xgwanalgesm Briefly, the apparatus (%) consists primarily of a Dolorimeter
¢ 0 dn¢htrol unit, and a projector with a projection lamp. The projector is
’ dé’lﬁnqcted to an electric timer which permits a clock to start and stop simul-
g ‘sly “iith the operation of the projector. A Dermal Radiometer is used
“ﬁj‘iﬁi“ 3 i:(i‘e skin temperature. The intensity of radiation, which is 250 mcal/sec/
’?f‘ thls test, is calibrated by means of a thermopile and galvanometer.
‘ﬁEq; %p‘enod of two weeks, dogs are trained to stand in a harness. T'he surface
e skm of the hind legs of each dog is clipped and blackened. Flo Master
L1 .,Is"i'w sed iin preference to India Ink of Vuleanol, since it is applied easily,
F;,SJﬁ_pldlj, and provides a consistent absorption spectrum for at least 24 hours
t.‘m:.ﬂgpphcatxon To obtain precise measurements of the reaction threshold
(s 1of leg), which is directly related to the initial skin temperature
i} ;turn, may be subject to change under the influence of 2 drug), the
i w..JgS:E&rure is taken by 2 Dermal Radiometer. Using the following equation,
o R
‘J*E?terb"roak Pen Company, Camden, New Jersey, Transparent black ink, Special
f'lt up pons. Stock #/T-104,

d are expressed in terms o?
as either the hydrochlon

5 a weakly acidified aqueolst
sely soluble in water. Ug_less i
d by the method of L:tchﬁelﬂ '
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fé"iéﬁon time (usually 4-5 sec.). A timing mechanism works simultaneously-
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it is possible to calculate the skin temperature level reached following irr
of the skin at the time of pain (reaction to stimulus),

. b nﬁ-j X
: M . STEnce in the two
_ Tpt = TF 4- QK t o *d;)f’;;{fiflﬁute rezction t
Tpt = skin temperature at pain threshold (°C). .
TF = normal skin temperature before irradiation °0). T

1a“

Aiititussive Test

Q = intensity of radiation (mcalfsec/em?). = - ,hﬁ test emplOYef
K = constant. . eLcough reflex in
t = time of exposure in seconds. :

3.

abtet to attract an
) tra“chea on the trache
: as{p]aced at the do
Lbfﬂ rest Pcnod. of
L urmg this 33 secon
'é‘ﬁqavcrage control
A «megt the animals v
3 @ The dose of «
(E]Dsu) was calculate
cent suppressmn in
o ast three dose leve
i tested at each c

In the present studies, two control thresholds were determined, one on_ & }hm
leg. These determinations were fepeated one Hour later. After adm1n1su§ﬁon
of the compound, determinations were made at 1, 2, 3, 4, and 22 huurs-pos
drug. Hardy et al. found that exposure beyond 67°C caused tissue da.maggg
therefore, no exposure was carried beyond this temperature. Using Haidy
method, it was possible to determine the number of animals in z group whﬁ‘fff.,
demonstrated analgesia; cach dog was his own control, and a cutoff value ok 3
be calculated for each animal, since 2 minimum of twenty control readmgs‘?qfasa
obtained for each dog before drug testing. In addition, the method of Finnéj
Error Regression Analysis for a Discriminant (12), in which the duratmﬁ“‘off
exposure to radiant heat alone is examined, determines the statistical s1gmﬁcanc ot 1
of the drug-treated animals as a group (at least 5 animals per group) mth o
reference to the presence or absence of ‘analgesia’. ;

-@harcoal Meal Te

* Groups of 10 rats
g period of 20-24
- . péctoneally with dr
y ‘b‘f 0.5 mlf{100 gram
&ith gel. The pre
- +gttivity of the dru
;- ‘fiihutes after charc
‘iﬁ an ether chambe:
pylorus was used a:
thrOugh the intesti
ﬁw ‘fdneously with the
“Was used to calculat

3) Randall and Selitto test. A pressure on inflammed rat paws, accordiné-ftﬁ‘l
the technique of Randall and Selitto (13), was utilized. The inflammation Wast
induced by the subaponeurotic injection of 0.1 ml of 20 %, dried Brewer’s yeist:
suspension inte the plantar region of the hind foot. Pain stimulation in the:
inflammed paw was induced by exeiting pressure with a semi-pointed plasti;-
projection attached to the barrel of a vertically mounted 10 ml hypodcrmm
syringe. The pain threshold was measured by the amount of pressure in m.mHg
necessary to induce a flight reaction in tbe rat (100-110 grams). Oral Mltm“”‘- M‘
gynine was administered immediately after the yeast was injected, and the pﬁlﬁ
threshold was measured I and 2 hours after drug treatment. Analgesia wash,
calculated by the same analysis used in the D’Amour and Smith Method.

4) Hot plate test. The method employed for analgesic effect was that des.; ;™ . Nalorphine Antag
scribed by Eddy (14). This procedure determines the reaction of mice (CFy. :
18-25 grams) dropped omto a hot plate maintained at 54.5 4 1.5°C. The .
reaction was observed as a lifting or kicking of the hind leg, dancing about thc LA
restraining cylinder, or attempting to jump out of the cylinder. Reaction time ;;”f h 1

Mitragynine was
* “18.4 mgfkg. When
" was given intraper

for each mouse was determined twice before drug administration, 10, 20, 30, » ,. ; overt eﬂ’.ects. In o
45 and 60 minutes after drug administration, and then every 30 minutes untll - onally with an an.
the reaction time returned to control levels. g 3.5 mgfkg of nalo:

The criterion of analgesic effect in a single animal was the difference between b» 32 ° gynine. ﬁ.ﬂl the am
the calculated reaction time area for the first 60 minutes after injection, and -§; - ment, using the pr
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aﬂiwﬁ(} dlinute reaction time area calculated from the pre-injection reaction
. An animal was considered to show significant anzlgesic effect if the
dlﬁcr:nce ;n the two areas exceeded twice the standard deviation of the observed
6(; mmutc reaction time area of 100 normal untreated animals.

Antitussive Test

he test employed for antitussive activity was that of Tedeschi et al. (15).
The cough reflex in unanesthetized dogs was produced by using an electro-
magnet to attract an iton slug which had been permanently suspended in the
trachea on the tracheal wall. In the test procedure, the energized,electromagnet
was placed at the dog’ throat over the iron slug for a 3 second period? followed
by & rest penod of 30 seconds. The number of evoked coughs was recorded
during this 33 second interval. This procedure was repeated 5 times to establish
an average control value for each dog. After oral or subcutancous drug treat-
ment, the animals were tested at hourly intervals for 5 hours, and then at 24
hours. The dose of drug which produced a 50 %, depression in cough episodes
(EDy,) was calculated from ‘the regression obtained by plotting the average per
cent suppression in the frequency of cough episodes against log dose (12). At
least three dose levels were studied with each drug, and 2 minimum of 5 dogs
was tested at each dose level.

Charcoal Meal Test

Groups of 10 rats (180-220 grams) were deprived of food, but not water, for
2 period of 20-24 hours before testing. The rats were treated orally or intra-
penitoneally with drug at a pre-determined time prior to the oral administration
of 0.5 mlf100 grams of 7.5 9 charcoal (MNorite), suspended in 0.375 %, traga-
canth gel. The pretreatment time for the dimg was chosen so that the peak
activity of the drug coincided with the administration of charcoal. Thirty
minutes after charcoal administration, the rats were sacrified by being placed
in an ether chamber, and the gastro-intestinal tracts were swiftly removed. The
Pylorus was used as the point of origin, and the distance the charcoal traveled
through the intestine was measured and recorded. Controls were run simul-
taneously with the treated groups. The method of Litchfield and Wilcoxon (8)
Was used to calculate the EDyy's for the standard agents.

Nalorphine Antagonism Tests

Mitragynine was admunistered intraperitoneally to cats in dose levels of
18.4 mgfkg. When peak overt effects appeared, a dose of 10 mgfkg of nalorphine
Was given intraperitoneally to determine if nalorphine would antagenize the
overt effects. In other experiments, two groups of nine rats were pretreated
otally with an analgesic dose (AD,,) of Mitragynine. One group received
15 mgfkg of nalorphine intraperitoneally immediately after receiving Mitra-
ynine. All the animals were tested for analgesia 45 minutes after drug treat-
Wmeat, using the previously described ID’Amour and Smith test.
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4

Cardivoascular Tests

Cardiovascular studies were carried out in cats anesthetized with Chloralos ;
or in dogs anesthetized with pentobarbital, ether chloralose, or urethane; Mt“af;
carotid blood pressure was recorded on a smoked kymograph Ppaper, 1
mercury manometer. The integrity of the autonomic nervous system v
monitored by the injection of specific test zgents. Respiration (tidal volumeii
rate) was measured by cannulating the trachea with a glass “T* tube condiedted
to an Anderson glass inspirometer. A flutter valve was placed over the reni"ai 1;;3:*
arm of the “T” tube. The system was calibrated by clamping off the tube lea
from the msp1romctcr to the trachea, and withdrawing a given velume of“
with a 50 ml syringe. "The net change in height of the recording lever (mlll }: gscﬁpe 1'35130Ilse

then corresponded to the given volume of air withdrawn. “‘poglycemlc ©
'\II;'ragymnc Forty

a‘-""'u

Wlt ‘;ﬂc ‘fnethod a

Cﬁ"ﬁ"dmoned avo
1013(13) groups ¢
w -

Dose Range Tests } 2 the animals
"blogd: glucose was
Graded doses of Mitragynine were administered orally, mtravenous]y, gd- described i
parenterally to mice, rats, cats, dogs or monkeys. The animals were contmuousljg T
observed for overt effects over a period of 4-6 hour intervals after treatm A e
and again at 24 hour intervals, for 5 days. - lts
N An&lgena

Arunal Toxteity
1) dcute toxicity studies. Tests were cartied out in groups of ten male T
(150-170 grams), which received single oral doses of 525 and 807 mg{'kg
Mitragynine. Observations were made for six hours following drug admmxsﬁ”r“m
tion, and daily for seven days.

mod:ﬁcanons by tt
The;rcsults obtainie
ﬁom the data pres
“'than codeine in bot
+M:tragymne produc
€5t compared to :
*#odeine. Intraperito
’ ﬁl’g]kg); this is in ©

2) Subacute administration. A group of 12 rats received oral doses of § mgikg! :
day for five consecutive days. Observations were made for six hours after dosif ‘

3) Subacute toxicity studies. Twa groups of eight and ten male rats and elgl}:t:t
and ten female (Charles River Strain) rats received oral doses of 5 or 50 mgfkg’"&{

were administered via stomach tube in suspension with 0. 5 9/, tragacanth gt‘l-« Oral EDy
"T'welve purebred Beagle dogs were divided into three groups; each consisteds:

of twa males and two females. Group I animals were untreated, and served asp,

controls. Group II animals received 5 mg/fkg/day of Mitragynine orally, six dayst

a week for eight weeks. The animals in Group I1I were started on 20 mg/kg/day}

of Mitragynine six days a week for 3 weeks. They received 40 mg/kg/day from" Drug

day 22 to day 50, and the drug was withheld from day 5! through day 92. - -if

On day %3, a dose of 40 mgfkgfday of Mitragynine was administered for an‘*‘. 5"
additional 10 days and the animals were sacrificed and autopsied; two on day; '
103, one on day 117 and the last dog on day 144 of the test period.

SK &F 12711-A
SK &F 12711-T
. Codeine

« d-Propoxyphene
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: ,ﬁisceﬂaneom Tests
“"}Inragyninc was tested for its effect on the isolated rabbit ileum in accordance
\'nh the method of Magnus (16).
" “Mitrzgynine was tested for physical dependence in the morphine dependent
- fiioikey by Drs. Deneau and Seevers (17) at Ann Arbor, Michigan.
. Conditioned avoidance response activity was tested with the method of Cook

" et'al. (18); groups of 10 rats each received oral doses of 50 mgfkg of Mitragynine,

#nid were tested at 45, 90, 180 and 240 minutes after treatment. Groups of 10
.#its also received intraperitoneal doses of 20 or 40 mgfkg, and were tested at
. ib 60, 90, 120 and 210 minutes after treatment for an effect on the conditioned
eicape response.

‘Hypog]ycermc tests were carried out in fasted guinea plgs treated with
%mgnma Forty-five minutes after the administration of oral doses of 30
-“fng/ke, the animals were sacrificed by exsaguination. Blood was collected, and
’f‘blood glucose was determined with the Technicon Auto Analyzer by the

+ The analgesic activity of Mitragynine was evaluated in the fasted rat, using
modifications by the I’Amour-Smith and the Randall and Selitto methods.

*“The results obtained using these test procedures are summarized in Table L
" :From the data presented, Mitragynine appears to be slightly less active orally

-than codeine in both tests. When given at a subcutaneous dose of 31 mgjkg,

“+Mitragynine produced analgesia in only 33 9, of the animals in the tail flick

test, compared to an ED; of 8.0 mg/kg (6.0-11.2 mglkg} for subcutaneous
@ codeine. Intraperitoneally, Mitragynine has an EDj, of 14.4 mgfkg (7.6-27.3

, mgfkg); this is in the range of potency achieved by the oral route.

TaBLE 1

Oral EDgy's (mglkg) for analgesia of compounds tested in the rat

'i-' [ -i_
itk
it

Method
D-Amour and Smith Randall and Selitto
Drug ED,, (95 % fiducial lirts) ED,, (95 % fducial limits)
Te——

SK & F 12711-A
SK & F 12711-J
odeine

d-Propoxyphene

20.2 (11.8-34.4)
17.8 ( 9.1-34.5)
10.3 ( 5.2-20.6)
9.0 ( 4.5-18)

18.4 (5.7-59.5)
16.8 (8.1-22.7)
7.5 (4.5-12.6)

27.9 (18-42)
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Mitragynine exhibited good pain threshold elevating properties m-th
The data surnmarized in Table II show that the analgesic activity EXhl}g,lted
Mitragynine was comparable to that produced by codeine and dﬁxmpl‘o‘ﬁﬁ”
phene. For purposes of comparison, phenacetin, a mild analgesic is mactﬁ i
this test at an oral dose of 200 mgfkg. It is interesting to note that while cddf,-m
caused emesis and dyspnea in these animals, Mitragynine was devoid uf ;},
particular properties,

E. MACKQ, J. A. WEISBACH AND B, DOUGLAS

TasLe 11

dogs #

Drugs

Oral dose
mogflg

No. of animals
exhibiting analgesia
no, of animals tested

SK & F 12711-]

Codeine

Dextro-
Propoxyphene

were evaluated in mice by the Hot Plate Method of Eddy The results sum-
marized in Table III, again demonstrate that Mitragynine is more potent whﬂflh

2.0

4.0
8.0
12.0
16.0
24.0
L8
7.1

10.6
14.1

2.3
4.5
9.0

13.5

2/5

6/11

3/5
2/2
22

5/5

35
4/12
7113
507
2/6

25
4{5
45

14/15

given orally than when administered subcutaneously.

motor aclivity.
shivering, sl!ght

shight shivering, shght""
ataxia, shight rest[e:me;:_
no side effects.
emesis,

emesis, anorexa, -
emesis, dyspnea 4
emesis, anorexia, mcreascr!
motor actvity.

slight excitation.

shight restlessness. .
slight ataxia, slight to ¢
moderate depression.

N
slight to moderate atiisyy;

shight to moderate
depression,

",

PHARD

| Antitussive ac

SK & F 12711

:;?:f)bﬁé mglkg

Average 1

YL 45

0.9
23

‘9.0

SK & F 12711-

0.9
2.3
4.6
9.2

Codeine PO

* ” *Values represent means of th

“** Values represent means of fis
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Effect of SK & F 1271 j—A and codetne on pain threshold of mice measured

g .
+ that, while codeine~ . -} -*
d f‘LheSe -‘J‘W o P Dose

was devoid o % Dirug mg/kg Route % Analgesia
. 'SK & F 12711-A o2 " ——
- ﬁbCO‘d.Bine 352 oo Pl
6K & F 12711-A 92 . 0o
trained unanesthetizéd: Codeine 2 s 0%

Tasry IV

Antitussive activity in the trained unanesthetized dog

SK & F 12711-] *EDy = 1.8 mgfkg (1.0-2.6 mg/kg)

rexia, shivering, ShEHF "

rease in spontaneous. ' “Doge mgfkg Average maximum mhibition 9 Observation
or activity. . = o —_
vering, slight % + 0.9 36 No side effects
Hlessness, quiet sedq';g"i : . 53 51 No side effects
tie 4.5 70 1/3 defecation
C80 100 2/3 slight stimulation and
sht decrease in co * defecation, 1f3 salivation.
)ataneous Mmolor actzmty%' e -
zht shivering, shght i - SK & F 12711-A **EDy, = 2.3 mgfkg (1.3-3.3 mgfkg)
xie, slight restlessmeds: - e e
side effects. R Rt N e049 27 No side effects
sesis. oo 57 15 restlessness
1515, RNOrexiz. ’ 65 2f5 restlessness at 3 hr.
1es1s, dyspned- 92 2[5 slight ataxia,

;
aesis, anorexia, mcreaseﬂ

2{5 slight apprehension

otor activity. -

Codeine PO-ED;, = 4.3 mg/kg (2.1--9.] mg/ke)

ight excitation. .
ight restlessness.
1ght ataxla. Shght tO
wderate depression;
ight to moderate
ight to moderate’,
epressmn

jtragynine and. ngm
iddy. The resitsssi
ne is more Pote“t;Wh

#
25

36
43
56

82

Yalges represent means of three animals per dose,
ues represent means of five animals per dose.

No side effects

2{6 emesis

2/6 emesis

8/8 emesis, relaxed
nicitating membranes.
4/5 emesis, hypotonia,
salivation, bradypnea,
tense, decrease in motor
activity, 1/5 severe
retching,
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Antitussive Activity i Miﬁ"ﬁ e was found to e

j’r”ab‘ht and guinea pig ileum pre
“"'"““”f'““less potent than atropi
3 hnerglc action of Mitrag

In the trained unanesthetlzed dog, Mitragynine and codeine were apj :’1-"‘”“"
mately equipotent in supp:essmg the cough reflex. As shown in Table-1V,
oral EDg, for Mitragynine HCI was 2.3 mg/kg, and that for Mitragynine eth 4
disulfonate was 1.8 mg/kg. In this test, codeine had an ED;, of 3.5 mg[%g
should be noted that, in this series of animals, there was no emesis with* Mgy
gynine at the dosc levels employed. On the other hand, it is appropna?';’{h
mention that the oral activity (EDy, value} of codeine must be accepted. it
spme reservation, since codeine produced considerable emesis, especially atqhh“"
higher dose levels.

: .‘wﬁf;iié’rtpkine Antagonism Studs
1) ‘Gat. Intraperitoneal dost
«;ubtleibchawora.l changes in cz
"ula'hon, mydriasis, and restless
-Nilsrphine was injected at ¢
'f;ffﬁf/éﬁ“e”f doses of 18.4 mglkg of M
. ”observe any changes in the beha
i a]t'ﬁ'&ufgh the animal appeared &
%’ nalorphme treatment. In contrar
; »sﬁmulatlon in cats following it
*%"pechvely Intrapentoneal doscs

]

Effects on the Gastrointestinal System

As shown in Table V, Mitragynine failed to inhibit the gastrointestinal “Iio.”*.
pulsion of a charcoal meal in rats after intraperitoneal doses of 36.8 nigfkg:
Oral doses of 55.2 mgjkg produced inhibition of only 18 %. Codeine hag" #i¢
EDy, (that dose which inhibits propulsion by 50 %,) of 25.2 mg/kg map:nf:;
toneally, and orally it appears to be slightly more active than Mitragynirié. m%;
inhibiting intestinal motility. Of the compounds tested, morphine produced th
greatest inhibition of the passage of charcoal meal.

;-u

‘ﬁot produce any change.
the ifijection of nalorphine pr
PB{lt‘ did not influence the resp

Ed

_“E:"a:ts ‘Mitragynine caused mar]

TapLe V

The comparative effect of drugs on charcoal meal passage in rats

o R fm_]ectzon of nalorphme The oy
Drug Dose (mgfkg) and Route % Inhibiton s
Lp. .

] - — —— " .Nidk- antagonized by the simult
Codeine 26 70 U"smg the D'’Amour and Smit}
ED;, = 25.2 mgfke 21.3 46 ** ol dose of 32.2 mg/kg of Mi
(14.8 to 42.9 mg/kg) 106 , 16 . e U™ -& TOEJEE

5.3 7
Morphine hydrochloride 7.6 73 .
ED;, = 3.53 mgfkg 3.8 30 -4 Effect of nalorphine o
(1.43 to 7.60 mgfkg) 1.9 34 "
SK & F 12711-A 36.8 g8 e, 1
36.8 9 v . ': "‘P_mg, Daose (mgfkg, Route) | Pe
- _— - R - el A * . i
p.o. . 5 -
. S - SK& P 12713-A
Codeine 42.6 35 ) " 32.2 mglkg p.o.
21.3 2 " : Plus Nalorphine
g 3‘5 mgfkg i.p,
SK & F 12711-A 552 14 £ SK & F 12711-A
) 55.2 18 K 322 mgfkg p.o
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Mitragynine was found to exhibit anticholinergic activity in normal isolated
.rabbit and guinea pig ileum preparations. In this regard, however, Mitragynine
“was far less potent than atropine. From these studies, it would seemn that the
fnticholinergic action of Mitragynine would probably be negligible at analgesic

‘dose levels.

| codeine were approxi-
shown in Table IV, the ™
t for Mitragynine ethane
n EDg, of 3.5 mgfkg. Tt
18 no emesis with Mitra- -
and, it is appropriate mm

e must be accepted withi,
: ernesis, especially at th-e: )

A Nalorphine Antagonism Studies.

+1) Cat. Intraperitoneal doses of 18.4 to 46 mg/kg of Mitragynine produced
.giibtle behavioral changes in cats; these were characterized by very mild stim.-
" vplation, mydriasis, and restlessness.

* 7 Nalorphine was injected at a dose of 10 mgfkg intraperitoneally, one hour

ﬁobserve any changes in the behavior of the cat following the nalorphine injection,
.@ough the animal appeared somewhat less restless for 2 or 3 hours following
.ﬁé;(“;‘:;phine treatment. In contrast, both codeine and morphine produced marked
«dimulation in cats following intraperitoneal doses of 2.5 and 30 mgfke, re-
JspEctively. Tntraperitoneal doses of 10 mgfkg of nalorphine given one hour after
: ‘j"gc;.édeine or morphine injections caused the behavior of the cats to return

t the gastrointestinal proi: *4:‘3‘
real doses of 36.8 mgfkgt &y ‘:&‘
ly 18 %. Codeine has an=;

) of 25.2 mefkg intraperis

sm_]ectmn of nalorphine produced a marked increase in respiratory rate
~"5’t1£‘ did not influence the respiratory rate in the Mitragynine-treated cat. In
7 'E‘ﬁts,, M1tragynme caused marked mysriasis, which was antagonized by the
%zlfi]"*“ cHion of nalorphine. The mydriasis produced by morphine and codeine was
ﬁ’:iﬁ’?:agomzed by the injection of nalorphine.

Mg) ‘Rat. The analgesic action produced by SK & F 12711-A in the rat was

IR * n‘(j ‘@fitagonized by the simultaneous intraperitoneal injection of nalorphine.

a7 Inhibition 3
d Route % 1 B

70 éj”‘ﬁﬂﬁthe D’Amour and Smith technique, one group of ten rats received an
‘I'g ral@dose of 32.2 mg/kg of Mitragynine, while a second group received 32.2
7 .
. TasLE VI
73 .
50 » Effect of nalorphine on pain elevation produced by mitragynine
h_,.:_ -
Time of | No. Analgesia A
1, *?a°§e (mg/kg, Route} | Peak Effect . Analgesis
h ’ (Min.) No. Tested
45 79 . 78
45 719 78

LrAraT
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“11” the dog, oral doses of ¢
58 observable side effects;
"as ;lso without effect. An
;@_puatory slowing, ataxia az
msw lsions, respiratory depre

“gona
Wi.rgb fn‘é fkg intravenously.

mgfkg of SK & F 12711-A orally, and 3.5 mg/kg of nalorphine i mtrapentoné‘a“l
The results are presented in Table VI .

" Cardigvascular and Respiratory E_ﬁe(:ts. L

In experiments carried out on dogs anesthetized with pentobarbita], Skw?&g
12711-A produced minimal aiterations in mean arterial blood pressure (zfqz
mm Hg) after acute intravenous doses of from 0.092 to 9.2 mg/kg, or a fm‘r'nu
lative dose of 18.5 mgfkg. In one experiment, cedeine had no significant ‘éﬁec

on the blood pressure after doses up to 3.5 mgfkg. However, in a second, € .

perirnent, a dose of 0.7 mgfkg of codeine resulted in a profound sust"éﬁx"“ Stde effects

hypotension. No alterations in the responses to standard agents such as i

ephrine, norepinephrine, dimethylphenylpiperazinium, or furfuryl tnmét];y & . Drug Dose mgikg

iodide were observed when these agents were given after SK & F 1271]°—A T (n.p)

There was no alteration in the depressor response produced by hlstamme > )

the stimulation of the peripheral stem of the vagus nerve. SK&F 12711-A 9.2
Chloralose was used as the anesthetic in 3 separate experiments m"““”’ 18.4

SK & F 12711-A produced weak hypotension after an acute intravenous' duse}

of 0.46 or 0.92 mgfkg mn one cat, and after 4.6 mgfkg in another ammal

mgfkg was lethal to this animal). In the third cat, doses of .46 mgfkg t0p2 46.0

mgfkg produced a transient lowering of mean arterial blood pressure. In th:s

animal, death due to respiratory failure was observed after a dose of 4.6 mg]ké’&. Fres 1735
The observations in our experiments indicate that codeine is more actw :

than SK & F 12711-A in depressing respiration following intravenous lIleCt‘lOﬂ ) 7.1

in anesthetized dogs. In the nembutalized animal both compounds 1n1tmll);}”

increased respiratory rate. However, following this increase, respiratory, ti'ke-' 14.1

pression was more frequent and more marked after codeine than after SK & g~

12711-A. Codeine also sigmficantly reduced tidal velume and respiratory

in one animal anesthetized with ether-chloralose. This depressing action oHg 3.8

codeine was very slight in the dog anesthetized with urethane. In the ethérd b —

chioralose and urethane treated animals, SK & F 12711-A increased ndalzr Dextro-

volume. . propoxyphene 9.0
Dose Range Studies. 18.0
SK & F 12711-A produced central nervous system depression, characteriz€di! 27.0

by decreased spontanecus motor activity, at doses of 46 to 230 mgfkg orallyii:

In addition, mydriasis, increased pain threshold, bradypnea, and hypotherrm

were noted, No evidence of toxicity (convulsions or tremors) was observeds 16.0

after doses as high 23 920 mgfkg in the mouse. Codeine produced toxicify» 45.0

(gasping, clonic convulsions, death) after doses of 176 mgfkg orally in th
mouse and, in addition, differed from SK & F 12711-A by producing hypcl'
sens1t1v1ty at the hlgher dose levels, In the rat, oral doses of Mltragynme as;

As shown in Table VII,
peritoneally, produced in ©
< ploratory behavior. The deg
effects appeared qualitatively

taneous motor activity, ptosis, and ataxia were observed at this dose [evel m""
- With the latter compounds,

the rat.
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b partaa

'mt‘he dog, oral doses of 8 to 80 mgfkg of Mitragynine failed to produce
g?ﬁbﬁ" ubscrvablf-‘ side effects; an intravenous dose of 4.6 mgfkg of Mitragynine
s,ﬁ,,;’a’lso ‘without effect. An intravenous dose of 9.2 mgfkg produced some
p;ratorY‘ slowing, ataxia and defecation. Severe side effects, such as clonic
-’ﬁﬁﬂswns, respiratory depression, panting and prostration, occurred following

A%

&8‘11!8!1‘8 intravenously. f E
TaBrLE VII LE}

Side effects produced by analgesic drugs in cats Fr‘; )
Bt

| Y

Dose mgjkg Observations E .

{ipJ)

9,2 2{2 slight mydriasis lasting longer than 2 hours.
184 2f2 mydriasis; 1f2 stimulation; {2 inquisitive;
1/2 head movements; 1/2 hypersensitive to touch;
12 slight apprehension; 1/2 rubbing cage;
1/2 quiet.
46.0 2/2 restless, inquisitive {not stimulated), head move-
ments.

1.7-3.5 2/2 mydnasis; 1f2 defecation, salivation, marked stimu-

lation, cowering, hissing, diserientation, body taut.

7.1 2/2 mydnasis, salivation, slight stimulation, cowering, -
hissing.

14.1 2/2 mydriasis; 1f2 salivation, coweting, hissing.

1.9 2/2 mydriasis, emesis, defecation, tense, disoriented, e
very excited, apprehensive, hypersensitive to touch, il ;1
3.8 2f2 mydriasis, excited, relaxed nicitating membrane. ig ar
" propoxyphene 9.0 1/1 mydriasis, convulsions, salivation, dyspnea, tremors.

Overnight—mod. decreased activity, ataxia.

13.0 2/2 mydriasis, convulsions, salivation, dyspnea, pros-
tration, 1/2 disoriented, death within 1 hour,

2.0 2/2 mydriasis, stimulation, cowering, hissing, convul-
sions, salivation, 1/2 disoriented, 1f2 ataxia, 12 dysp-
nea, 1/2 prostration, }/2 unilateral foreleg clonus,
1/2 head tremors.

36.0 2/2 mydnasis, disorientation, stimuletion, body jerks.
45.0 1/1 mydriasis, alert.

Pfs shown in Table VII, SK & F 12711-A, in doses of 18.4 mg/kg intra-
Perttoneally, produced in cats mydriasis, stimulation, and an increase in ex-
Ploratory behavior. The degree of mydriasis was marked, but the stimulatory
ffects appeared qualitatively different than the effccts after codeine or morphine.
With the latter compounds, stimulation was accompanied by a profound hyper-

SR

LK
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cmal wmght of the

gan,wglght data st
B L|-,1'“]-,¢rc[c|se males,
g&aﬁ drinalytical ¢
_ émg‘admmlstratlﬂn

.: i “i Sybaﬂlfe — dog
411‘*: *dogs which in

sensitivity to external stimuli—a ‘fear complex’, which manifested 1ts“HLbA
causing the animal to cower in the corner or move jerkily to escape th“ef“@‘g*
or by producing a condition simulating rage. These effects were not conﬁigﬁ_:n
in any group of animals—especially the rage effect, which occurred in appigA
midtely 50 9% of the animals at appropriate dose levels. Unfortunately, thal 4
solubility of SK & F 12711-A limited the dosage level, so it was not posmb
to determine the toxic dose levels or the qualitative similarities which ﬁ‘ﬁg},
occur with high doses of Mitragynine as compared to codeine or morphm 3
shown in Table VII, an intraperitoneal dose of 46 mgfkg of M1tragymné* \pTo
duced only slight mydriasis. . Zf’ :

It is interesting to note, howeven that differences were obvious at theii;
mgfkg dose levels. As stated previously, Mitragynine caused mydriasis" i
mild stimulation. Codeme caused mydriasis, snmulatmn, salivation, and a fe

%ﬁ?’fnca"i and immnature
;,-'éﬂad Seth withheld fr

[

‘Emally, "diffuse incre
13/4 of the high dose «
‘aﬂ“ﬁ&umstranon Nega
e Eaih 5 drg/kg/day of D
analgesia at 11 mgfkg, but caused salivation and mydriasis. -4 ; .

SK & T 12711-A failed to produce overt biological activity in monkeys iz 4 < iMiicellaneous.
lowmg subcutaneous doses ranging from 23 to 69 mgfkg. One Im)nkey trcaf':ed

fMltragymne failed
'Tnhe compound failec

1ntramuscularly, also failed to show overt activity. In three monkeys, an mt;,,‘.
» ,m%concomltant tests,

venous dose of 9.2 mgfkg of SK & F 12711-A produced ataxia, slight 0p1stho- oy
tonus, slow abdominal respiration and clonic convulsions. All animals recovercﬁ:»
after 5-30 minutes. A dose of 4.6 mg/kg failed to cause side effects. A single Orﬂ
dose of 46 mgfkg failed to alter the usual bostile behavior in a Rhesus monkey}

fiﬂ our search for i
ich are superior t
n m*animals which se
Chemically unrelated
-different from the n:
. of jts properties appt
M_ltragymne exhib
. It fliffers from other :
«~-and the dog with onl
-tail in the rodent, no
“Of severe respiratory

Anisnal Toxicity, -g';

1) Acute. Single oral doses as high as 806 mg/fkg failed to produce tomcntﬂ‘
in rats. Oral administration of SK & [F 12711-J at a dose of § mgfkgfday & L
five days produced only diarrhea in 3/12 animals. No other side effects Wﬁffﬂ
observed. T'wo dogs which received oral doses of 16 mg/kg/day for five daysy™
and 32 mgfkgfday for two additional days, failed to exhibit side effects.

2) Subacute — rats. 'The administration of 5 or 50 mg/kg/day of SK & F‘
12711-], five days a week for six weeks, failed to produce side effects in an}-
of the rats, There were some slight weight changes; the body weight of the
low dose males averaged slightly less than the control males, and the average‘ '

) “Such as the cat or t
net gain of body weight of the fernales receiving the high dose was shghﬂXE " approximately 1: 1
more than the control females. Food consumption in all of the treated animals: VR ?l:nactive fane‘i. i thL
was similar to that of the controls. A statistically significant decrease in thé- S~ . Howing the
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I by. }g R égcmal we‘ight of the livers of the_low dose'grc_wup was observed, whereas relative

. escape the cage iy sirgan weight data showed a statlstlc.ally significant decrease in liver weights of
. consisten;;' . o g;he high dose males, and kidney weights of the low dose females. No hemato-

ere n;_ AR S ‘ ’Ioglcal urinalytical or histopathological changes which could be attributed to

::;fatcllx;r af]f: T;; ; : d:ug administration were observed in any of the animals.

t was not possiblg,.

rities which m.igh;c“ ‘

" *3) Subacute - — dogs. Significant clinical pathological findings were limited
the dogs which initially received 20 mg/kg/day of SK & F 12711-], six days
ek for three weeks, Since no adverse side effects were observed at this dose

ical and immature lymphocytes. These changes were reversed after the drug
b d been withheld from days 50 to 92 but recurred when dosing with the drug
jas rcsumed In addition, costal bone marrow specimens from the high dose
. ‘H'o”‘ ‘revealed moderately severe granulocytic hyperplasia in the male, but less
: w;n»t'tie female dogs. Lymph nodes were also hyperplastic in 3/4 of these animals.
. Fma_ﬂ_jf diffuse increased sinusoidal cellularity was observed in the livers in
J4:of fhe high dose dogs. These findings were considered to be related ta drug
"’é’iiﬁuﬂstranon Negatxve ﬁndngs were found in the dogs receiving oral doses

ised mydsasis and
alivation, and a féapt
it 7.5 mgflkg; thcseﬁ
mesis, etc. Dextro‘“‘“
seritoneally, causing, 2
ures. In prehmmag}i
of the Hardy Wolﬁ"’ /

=

:nnty in monkeYs .f.o-L% e Mmﬂc’él_laneous .

. One mankey treatis 5

, later with 23 mgL : g

) ADHE éﬁ’ﬁipound failed to affect the blood sugar in fasted guinea-pigs, Whereas

e monkeys, an %’a‘& Ty h’o’ﬁé:fjmtant tests, codeine produced slight hypoglycemic activity.
ataxia, slight opish

. All animals rﬂm"g :
de cffects. Asmglem‘
wina Rhesus mort

JAC SR

s, o
SCUSSION

;ﬁﬁ e superior to thosc of existing agents, Mitragynine exhibited activity

ils «which seemed of potential usefulness in man, The compound,

i mﬂq yrunrelated to any of the known analgesic agents, appeared qualtatively
if ~from the parcotic analgesics, and further pharmacological evahiation

@,@mgertm appeared warranted. ¢

Eﬁfynme exhibited analgesic activity in at least three species of animals,

fﬁ?rs‘ffrom other analgesms by elevating the pain th.rcshold in the rat, mouse

iled to produce mng‘"
lose of 8 mg]kg[daﬁhfﬂ

ngkgfday for Se SR
exlub]_t side eﬂeptsf g

3 fgient nor was there evidence of the severe emesis, hyperexcitability
ﬂ'caresplratory depression seen with narcotic analgesics in larger animals,

e cat or the dog. Mitragynine has an oral-mtrapentoneal ratio of
1yJ 1:1 in producing analgesra in the rat, Whereas it is practlcally
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in Mitragynine’s effectiveness in producing analgesia following varioug 1'011'1&5
of adm1mstrat10n—especxally the dlﬁerences between the mtrapentonea] gjn :

b .. F - E. Transactions
2“;;_']5?31, B. S., Ravmom
") ,,ZACKAZRIAS, D.E, Rog

4, Wixisxs, R. H. F. Th
‘"ms), New York, 196

the presently unresolved physical propertles of the compound. Mltl‘agynmeqs
sparingly soluble in acxdxﬁed aqueous solution of pH 4 to 5. Elevating the

the oral route may be facilitated by stomach acidity. It is also posmble th'at
active a.na.lgesm mo1ety may be due to a metahohte of Mltragynme, and’

moiety by involving the most optimal processes. Unfortunately, our hmjg_
exploration of this problem did not provide further information on the uridg
lying processes that account for the differential in animal sensitivity tor r‘t'}}e ;
different routes of administration. Further exploration of the various metaboht*& j
of Mitragynine and its closely related congeners may provide a better irisig

to thls perplexmg problem kf -

lﬁ"HARDY J. D., WoLF:
ﬂllams and WJlkJ.ns :
¥ DE ‘Bancrs, N., Mac

(]965)

ranging from 0.46 to 22 mgfkg did not suppress abstinence signs in monkeg,s
physically dependent on morphine (20). Subcutaneously, therefore, Mltmgymne
does not appear to support morphine-induced addiction, although there i 1s~n
evidence that Mitragynine is active in the monkey by this route of administratic

The analgesia produced by narcotic drugs such as morphine can be antagomzp
by nalorphine. In preliminary studies, Mitragynine's analgesic action was At
antagonized by nalorphine in the rat. In addition, Mitregynine appears tovb
qualitatively different than morphine or codeine in producing behavioral chaiig‘”
in the cat. With morphine and codeine, cats exhibit markedly dilated pu_plls
slow respiratory rate, stimulation, cowering, hissing, and many effects mmcahv
of a rage complex. Mitragynine is qualitatively different from the narcotic anal =
gesics in that cats exhibit only a weak stimulation that is more akin to rest‘
lessness. There was no evidence of disorientation nor any discernible mﬂucﬁ"’»’
on respiration. When nalorphine was given after Mitragynine, there was A0S
evidence of the panting or increased respu:atu)n that was noted with the narcot; g
analgesics, These observations are in agreement with the studies carried outu
in the pentobarbitalized or urethane anesthetized dogs, in which Mitragynif
was approximately 1/10th as effective as codeine in depressing the tidal volumeL
On the basis of the apparent qualitative differences between Mitragynine andl.
the narcotic analgesic agents in these preliminary studies, it can be ant;mpatelﬂ
that new chemicals whose structural configurations are quite unlike the mdss
phine-type structure may well produce analgesic properties which are llﬂ'
accompanied by the limiting side effects of morphine-like drugs. e

3
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