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FOREWORD
This work was conducted under Task 1C522301A07901, Biological
Approach to New Agents (U), The data were collected in November 1963,
: In conducting the 1esearch described in this report, the
mvestlgator adhered to the "Principles of Laboratory Animal Care'' 'as

established by the National Society for Medical Research,
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DIGEST

" A dose range study and an acute intraperitoneal toxicity study
were performed with tetrahydrocannabinol.

The purpose was to determine whether any differences in
physiological activity or acute intraperitoneal toxicity (LD50) could be
observed in mice housed at room temperatures of 70°F and 40°F,

The f'ollowinug conclusions were reached:
1.  Mice receiving tetrahydrocannabinol at a room temperature
of 40°F exhibited the same physiological effects as mice receiving tetrahydro-

.cannabinol at a room temperature.of 70°F, but at about one-tenth the dose.

2, The acute intraperitoneal LD50 of tetrahydrocannabinol in
mice at a room temperature of 70°F was 125 x 37 mg/kg.

3, "The acute intraperitoneal LLD50 of tetrahydrocannabmol in
mice at a room temperature of 40°F was 14 + 2 mg/kg ’

EX -

subjected to the added




ACUTE TOXICITY OF TETRAHYDROCANNABINOL
TO MICE IN ALTERED ENVIRONMENTS

L, INTRODUC TION,

Hardman, Domino, and Seevers observed the intravenous lethal
dose of tetrahydrocannabinol in the dog to be 100 mg/kg.l In thke summer of
1955, eight dogs,survived a dose of 1,0 mg/kg administefed iniravenously.
When further tests at this dose were carried out in the winter of 1956 with
dogs housed in unheated rooms, & 50% mortality was observed (the number
of animals was not reported). Hardman, Domino, and Seevers partially
resolved the apparent discrepancy between the two experiments when they
noticed a correlation between the degree of hypothermia and the incidence
of death. They constructed temperature controlled hiousing facilities for the
dogs in which rectal temperatures could be maintained at 38° to 39°C., They
then repeated the 1.0 mg/kg intravenous dose. Under these experimental
conditions, no deaths were observed. 1 "

Because of these findings, an attémpt was made to determine

- whether any difference in toxicity of tetrahydrocannabinol could be observed

when mice were subjected to-a cold environment,

II. PROCEDURES",

A, Dose Range..

Swiss male albino mice, weighing between 25 and 35 grams,
were randomly selected and housed 10 per cage in rooms maintained at
7T0°F and 40°I° [or 2 days prior to the dose range study. On Lhe third day,
12 animals at each temperature (3 at each dose) were given intraperitoneal
injections of tetrahydrocannabinol in doses ranging from 50 to 400 mg/kg at
70°F and 2.5 to 20.0 mg/kg at 40°F, The animals were observed
periodically for 5 hours and after 24 and 48 hours for physiological activity
and deaths, One additional animal was given an intraperitoneal injection of
the suspending vehicle and served as a control at each dose. Where possible,
dilutions werc made so that all animals received a volume of 10 ml/kg. At
the 200 and 400 mg/kg doses, however, 20 and 40 ml/kg had to be
administered because the insolubility of this compound permitted only a
1% siock solution to be made. The 1% stock solution was made up by heating
tetrahydrocannabinol in ethyl alcohol, adding equal parts of Span 80 and
Tween 80, boiling off the alcohol, and obtaining the desired volume by adding



physiological saline. The control animals at these two doses, therefore,
received volumes of 20 and 40 ml/kg of the suspending vehicle.

B, Acute Intraperitoneal L.D50,

This phase of the study was initiated after the animals had been
in their respective environmental areas for 7 days,

The animals housed at a room temperature of 70°F were given
tetrahydrocannabinol in doses ranging from 25 to 400 mg/kg, 10 animals-
per dose, Ten animals were given intraperitoneal injections of the suspending
vehicle at a volume of 40 ml/kg and served as controls, This volume was
administered because at the 200 and 400 mg/kg doses the animals received
volumes.of 20 and 40 ml/kg, respectively, :

The animals housed at a room temperature of 40°F were given
tetrahydrocannabinol in doses ranging from 1,0 to 40,0 mg/kg. Dilutions were
made so that all animals, regardless of dose, received a volume of 10 ml/kg,
Ten animals received 10 ml/kg of suspending vehicle intraperitoneally and ‘
served as controls, ' ’

The LD50 was calculated by the tethod of Be&'k“é.on. 2
1II, RESULTS,

A, Dose Range,

_ Similar physiological effects, such as dyspnea, hypotonia,
dep'r”ession, piloerection and analgesia, were obtained in mice housed at
70°F as in mice housed at 40°F but with approximately one-tenth the dose
{tables 1 and 2, appendix).

B. Acute Intraperitoneal LD50,

The acute toxicity of this compound was greater when the animals
were subjected to the added stress of cold (tables 3 and 4, appendix),

iv. DISCUSSION,

It has been previously 1‘eported3 that the acute intraperitoneal
LD50 in mice is 390 (260-585) mg/kg. There may be many explanations
for the discrepancy betweén the L.D50 obtained in this study and . e LD50
praviously reported. These include differences in the strains of mice used,
oxidation of the crude compound, oxidation of the compound in the final
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dilution, and the fact that, since the compound is so difficult to suspend in a
vehicle, settling may have occurred so that the mice did not receive all of the
agent, However, the physiological effects S(hen here corresponded very wvll
with those observed by other investigators.4, 5, 6

A 24-hour LD50 could not be calculated because a greater than
50% mortality did not occur until the third day in the mice housed at 70°F.
A 24-hour LD50 for the mice housed at 40°F was calculated to be
24.1 5,0 mg/kg.

An L.D50 was also calculated by incorporating the values for the
animals used in the dose~-range study. There did not appear to be any \
significant difference in the values obtained utilizing 13 instead of 10 mlce
per dose (tables 3A and 44, appendix).

B .

Vv, CONCIL.USIONS,

1.  Mice reéeiving tetrahydrocannabinol at a. room temperature
of 40°F exhibited the same physiological effects &8 mice recelving tetrahydre-
cannabinol at a room temperature of 70°F, but at about one~-tenth the dose.

2, The acute intraperitoneal LD50 of tetrahydrocannabinol in
mice at a room temperature of T0°F was 125 & 37 mg/kge

3, The acute intraperitonéal LD50 of tetrahydrocannabinol in

mice.at a room temperature of 40°F was 14 £ 2 mg/kg.

4, Tetrahydrocannabinel is nine times more toxic in mice
subjected to the added stress of cold,
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APPENDIX

TABLE 1

EFFECTS OF TETRAHYDROCANNABINOL IN MICE AT

A ROOM TEMPERATURE OF 70° TO 72°F

(Three mice at each dose)

Time after

Dose | 4dnjection in Observed effects
minutes :
mg/kg
50.0 5 No observable effects
10 Slight depression, dyspnea
15 ‘Moderate depression, dyspnea, piloerection,
' hypotonia .
30 Moderate depression, dyspnea, piloerection,
hypotonia, slight ataxia, slight analgesia
45 Moderate depression, dyspnea, piloerection,
hypotonia, slight ataxia, slight analgesia
60 Moderate depression, slight ataxia, dyspnea,
hypotonia, slight analgesia .
90 Moderate depression, slight ataxia, dysprea, .
hypotonia, slight analgesia '
120 Moderate depression, slight ataxia, hypotlonia, slight
analgesia, dyspnea, hypothermia
150 Moderate depression, slight ataxia, hypotonia, slight
analgesia, dyspnea, hypothermia
180 Moderate depression, aslight atasxia, hypotonia, slight
analgesia, dyspnea, hypothermia
240 Moderate depression, slight ataxia, hypotonia., slight
analgesia, dyspnea, hypothermia
300 Moderate depression, slight ataxia, hypotonia, slight
analgesia, dyspnea, hypothermia
24 hr Moderate depression, hypothermia
48 hr No observable effects, one animal dead
100.0 5 Ptosis, slight depression
10 Ptosis, slight depression
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TABLE 1 (contd)

Time after
Dose injection in Observed effects
minutes
-mg/kgl
100,0 15 iModerate depression, ptosis, slight ataxia, slight
hypotonia
30 Moderate depression, ptos15, sllght ataxia, slight
: hypotonia
45 Moderate depression, ptosis, moderate ataxia,
moderate hypotonia, slight analgesia, loss of
myotactic reflex, loss of pinna reflex ‘
60 Moderate depression, ptosis, moderate ataxia,
' moderate hypotonia, slight analgesia, loss of
myotactic reflex, loss of pinna reflex
90 Marked depression, marked ataxia, hypotonia, loss
of myotactic reflex, loss of pinna reflex, dyspnea,
: moderate analgesia, hypoihermia
120 Marked depression, marked ataxia, hypotonia, loss
of myotactic reflex, loss of pinna reflex, dyspnea,
moderate analgesia, hypothermia
150 Marked depression, markcd ataxia, hypotonia, loss
of myotactic reflex, loss of pinna reflex. dyspnea,
moderate analgesia, hypotherria
180 Marked depression, marked ataxia, bypotonla, loss
of myotactic reflex, loss of pinna reflex, dyeprma,
moderate analgesia, hypothermia
240 Marked depression, marked ataxia, hypotonia, loss
of myotactic rellex, loss of pinna reflex, dysupnea,
moderate analgesia, hypothermia
300 Marked depression, marked ataxia, hvpotonia, loss
of myotactic reflex, loss of pinna reflex, dyspnrea,
moderate analgesia, hypothcrmia
24 hr One animal dead, one animal no observable effects,
one animal depressed
48 hr Two animals dead, one animal no observable effects
200.,0 5 Ptosis
10 Ptosis, slight depression, slight analgesia, dyspnea,
maoderate hypotonia

Appendis
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TABLE 1 (contd)

Time after
Dose injection in Observed effects
minutes
mg/kg
200.0 15 Ptosls, slight depression, slight analgesxa, dyspnea,
moderate hypotonia
30 Ptosis, slight depression, slight analgesia, dyspnea,
moderate hypotonia
45 Moderate depression, ptosis, dyspnea, loss of pinna
reflex, loss of myotactic reilex, one animal - loss
of righting reflex
60 Moderate depression, ptosis, dyspnea, loss of pinna
reflex, loss of myotactic reflex, one animal - loss
of righting reflex -
90 Moderate depression, ptosis, dyspnea, lose of pinna
’ reflex, loss of myotactic reflex, hypothermia, one
animal - loss of righting reflex
120 Moderate depression, ptosis, dyspnea, loss of pinna
reflex, loss of myotactic reflex, hypothermia, one
animal - loss of righting retlex
150 Moderate depression, ptosis, dyspnea, losg of pinna
reflex, loss of myotactic rellex, hypothermia, one
animal - loss of righting reflex
180 Moderate depression, plosis, dyspnei, logs of pinna
reflex, loss of myotaclic reflex, hypothermia, one
: animal - loss of righting refllex
240 Moderate depression, ptosis, dyspnea, loss of pinna
reflex, loss of myotactic reflex, hypothermia, onc
animal -~ loss of righting reflex
300 Moderate depression, ptosis, dyspnea, loss ol pinna
reflex, loass of myotactic reflex, hypothermia, one
animal - loss of righting reflex
24 hr Moderate depression, ptosis, dyspnea, loss of pinna
reflex, loss of myotactic reflex, bypothermia, one
animnal dead
48 hr Three animals dead
Avpendix 13




TABLE 1 (contd)

Time after

Dose injection in . Observed effects
‘ minutes
mg/kg
400.0 5 Piloerection, slight stimulation
10 Piloerection, moderate depression, hypersensitivity
to sound
14 Piloerection, moderate depression, hypersensitivity
to sound, slight analgesia, loss of mydtactic reflex -
30 Piloerection, moderate depression, hypersensitivity
: to sound, slight analgesia, loss of myotactic reflex
45 Piloerection, moderate depression, hypersensitivity
to sound, slight analgesia, loss of myolactic reflex
60 Piloerection, moderate depression, dyspnea,
moderate analgesia, hypothermia, loss of pinna
reflex, loss of myotactic reflex
90 Piloerection, moderate depression. dyspnea,
moderate analgesia, hypothermia, loas ol pinna
reflex, loss of myotactic reflox
id0 Piloerection, moderate depression, dynpruoa,
moddrate analgesia, hypothermia, lossa of pinna
reflex, loss of myotactic refllex
150 Piloerection, moderate depression,. dyspnea,
moderate analgesia, hypothermia, loss of pinna
reflex, loss of myotactic reflex
180 Piloerection, moderate depression, scvere dyspnea,
ptosis, hypotonia, modcerate analgesia, loss ol pinna
reflex, loss of myotactic reflex, hypothermia
240 Piloerection, modecrate depression. severe dyspnea,
ptosis, hypolonia, moderate analgesia, loss of pinna
reflex, loss of myoltactic reflex. hypothermia
300 Piloerection, modaerate depression, scverce dyspnea,
ptosis, hypotonia, modcrate analgesia, loss of pinna
reflex, loss of myotactic reftex, hypothermia
24 hr Piloerection, moderate depression, severe dyspnea,
ptosis, hypotonia, moderate analgesia. loss of pinna
reflex, loss of myotactic rellex, hyvpothermia
48 hr Threce animals dead

Appendix




TABLE 2

EFFECTS OF TETRAHYDROCANNABINOL IN MICE AT

A ROOM TEMPRPERATURE OF 40° TO 42°F

{(Three mice at each dose)

Time after

Dose injection in Observed effects
minutes
mg/kg
2.5 5 No observable effects
10 No cobservable effects
15 Ptosis
30 Ptosis, slight depreasion
45 Ptosis, slight depression
60 Ptosis, slight depression
90 Ptosis, slight depresaion, piloerection
120 Ptosis, slight depression, piloerection
150 Slight depresaion
180 Slight depression
240 Slight depression
300 No observable effects
24 hr No observable effects
48 hr No observable effects
5.0 5 No obscrvable clfects
10 Plosis
15 Ptosis, slight depression
30 Ptosis, moderate depression, dyspnea, slight
analgesia
45 Ptosis, moderate depreasion, dyspnea. slight
analgesia, slight hypotonia
90 Ptaosis, moderate depresgsion, slight analgesia, slight
hypotonia, pilosrection, dyspnea
120 Ptosis, moderale depression, slight analgesia. slight
hypotonia, pilocrection, dyspncea
150 Ptasis, moderate depression, slight analgesia slight
hypotania, piloevection, dyspnea
180 Ptosis, moderate depression, slight aralgesia. «lipght

hypotonia, pilocrcction, dyspnea

Appendix




TABLE 2 (contd)

Time after

Dose injection in Observed effects
minutes :
mg/kg
5,0 240 Ptosis, slight depression
300 - Ptosis, slight depression
24 hr No observable effects
48 hr No observable effects
10,0 5 Ptosis
10 Ptosis -
15 Ptosis, slight depression, slight analgesia, slight
hypotonia
30 Ptosis, slight depression, shght analgesia, slight
hypotonia
45 Ptosis, moderate depressuon. moderate analgesia,
slight ataxia, moderate hypotonla, dyspnea,
- plloerection, hypothermia
60 Ptosis, moderate depression, moderate analgesia, -
slight ataxia, moderate hypotonia, dyspnea,
‘ piloerection, hypothermia
90 Ptosis, moderate depression, IﬂOdlete analgesia,
slight ataxia, ‘moderate hypotonia, dyspnea,
piloerection, hypothermia
120 Ptosis, moderate depression, moderate analgesia,
slight ataxia, moderate hypotonia, dyspnea,
piloerection, hypothermia
150 Ptosis, moderate depression, moderate analgesm.
’ slight ataxia, moderate hypotonia, dyspnea,
piloerection, hypothermia
180 Ptosis, moderate depression, moderate analgesia,
slight ataxia, moderate hypotonia, hypothermia,
loss of pinna reflex, dyspnea
240 Ptosis, moderate depression, moderate analgesia,
slight ataxia, moderate hypotonia, hypothermia,
loss of pinna rcflex, dyspnea
300 Moderate depression, loss of righting reflex,

moderate analgesia, severe dyspnea, moderate
ataxia, hypothermia, loss of pinna reflex, loss of
myotactic reflex

Appendix
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TABLE 2 (contd)

Time after

Dose injection in Ohgarved offects
minutes
mg/kg
10,0 24 hr Three animals dead
20,0 5 Ptosis, piloerection, slight depression
: 10 Ptosis, piloerection, slight depression
15 Ptosis, piloerection, moderate depression. dyspnea .
30 Ptosis, piloerection, moderate depression, dyapnea
45 Ptosis, piloerection, moderate depression, dyspnea
60 Ptosis, piloerection, moderate depreasion, slight
ataxia, dyspnea, slight analgesia, loes of pinna
reflex ' .
90 Ptosis, piloerection, moderate depression, slight
" ataxia, dyspnea, slight analgesia, loss of pinna

_ reflex ) v

120 Ptosis, piloerection, moderate deprespion, slight
ataxia, dyspnea, slight analgesia, loas of pinna
reflex

150 Ptosis, marked depression, loss of pinna reflex, loass
of myotactic reflex, loss of righting reflex, severe
dyspnea ”

180 Plosis, marked depression, loss of pinna reflex, losas
ol myotactic reflex, toss ol righting reflex. seyere
dyspnea ' :

240 Ptosis, marked depression, loss of pinna reflex. loss
of myotactic reflex, losns of righting reflex, severe
dyspnca

300 Ptosis, marked depression, loss of pinna refllex. loss
of myotactic reflex. loss ol righting reflex, -scevere
dyspnea

24 hr Three animals dead

Appendix




TABLE 3

ACUTE INTRAPERITONEAL FOXICITY OF LIS TRAHYDROCANNADBINOL
IN MICE AT A ROOM TEMPERATURE O 707 PO 741

Numbuer of Mortality l'otal [,D50 and
. Volume
Dose anlmals . . . oy s namber | standard
. administered | First] Sccond | Third . L .
per dosc stead, deviation
day day day
mg/kg ml/kg
25.0 10 10,0 0 1 0 1
50, 0 10 10,0 1 1 0 2
©100,0 1o 10,0 0 0 0 0 125,44+ 36,5
200, 0 10 20,0 0 4 6 10
400, 0% 10 40,0 0 4 6 10
Conlrol 10 40,0 0 0 0 0
Doso not used in calculation of LSO, ‘ .
TABLIE 3A
1\{}U"L‘{‘ INTRAPHRITONEAL TOXICITY OF TETRAHYIRAOUANNADINOL
) IN MICE AT A ROOM TEMPERATURE OF 701
INCORPORATING DOSE RANGE DATA
Nitmher of A Moxtality Tatal | 1D8O and
Dos animils Volame I ] mamber sBlandard
nae (animnd administerod | First | Second | Thira| "0 ndid
per dose ) dead deviation
day tay day
my//ky - ml/kg
25,0 10 10 0 1 0 i
K0, 0 13 10 1 2 0 kD
100,0 13 10 1 1 ¥} 2 130,01t 58,3
200, 0 13 20 1 U L 13
Conlrol 13 20 0 t) ¥ 0
Appendix 1 &
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TABLE 4

ACUTT INTRAPERITONEAL TOXICITY OF TETRAHYDROCANNABINOL
IN MICE AT A ROOM TEMPERATURE OF 40‘: TO 42‘15

Number of Mortality Total | LD50 and
Dose 3nimals Volume ‘ number standard
administered | First | Second | Third ‘ s
-per dose , dead deviation
day day day
mg/kg ml/kg
1, 0% 10 10. 0 0 0 0
2.5% 10 10 0 0 0 0
5, 0% 10 ' 10 0 0 0 0
10,0 10 10 0. U 0 0 14,1+ 1.7
20,0 10 10 5 5 -.v 10
40, 0% 1o . 10 7 3 - 10
Control 10 10 0 L0 0 0
“ Doses not used In the calculation of LD50, -
TARLE4A . . R

ACULE INIRAPERITONEAL TOXICITY OF TETRAHYDROGANNABINOL
IN MIGE AT A ROOM TEM DE

Numbar af Vot Mortallty | Total | LDS0 and
[REETE antimal Y ) R hor tandard
o ﬂ,“,,”r“,ﬁ, administered Fiest { Second | Third e ,s 1“,( X
par dase : L ) duond deviation
day day day
,,,,,,, I ] 1 I A N P
my/kg ml kg
H:, 0 13 10 0 0 o 0
o, o 13 10 3 ] ) 3 12,0 ¢ 1.6
A0 P 10 H ) Q0 13
Gontraol 13 10 0 0 0 0

Apperdix | o
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