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FOREWORD

This work was conducted under Task 1C5ZZ301AO7901, Biological
Approach to New Agents (U), The data were collected in November 1963.

In conducting the research described in this report, the
investigator adhered to the "Principles of Laboratory Animal Care" as
established by the National Society for Medical Research.
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DIGES T

A dose range study and an acute intraperitoncal 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 following 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.; 37 mg/kg.

3, The acute intraperitoneal LD50 of tetrahydrocannabinol in
nice at a r'oom temperature of 4Q.9F was 14 2 2 mg/kg.

4A T b.r a .,rornn,,h4nl =n
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subjected to the added stress of cold,
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ACUTE TOXICITY OF TETRAHYDROCANNABINOL
TO MICE IN ALTERED ENVIRONMENTS

[. INTRODUCTION.

Hardman, Domino, and Seevers observed the intravenous lethal
dose of tetrahydrocannabinol in the dog to be 100 mg/kg. 1 In the summer of
1955, eight dogs, :survived a dose of 1.0 mg/kg administered intravenously.
When further tests at this dose were carried out in the winter of 1956 with
dogs housed in unheated rooms, a 501o 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 housing 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 attempt was made to determine
whether any difference in toxicity of tetrahydrocannabinol could be observed
when mice were subjected to a cold environment,

II. PROCEDUREr.

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
70"F and 40'F for 2 days prior to the (lose range study. On the third (lay,
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 were 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
adiniiiistered because the insolubility of this compound permitted only a
1% stock solution to be made. The 1% stock solution was made up by heating
tetrahydrocannabinol in ethyl alcohol, adding equal. parts of Span 80 and
"Fween 80, boiling off the alcohol, and obtaining Ihe desired volume by adding



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

B. Acute Intra.peritoneal LD50.

This phase of the study wa.s 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 40OF 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 method of Berkson. 2

III, RESULTS,

A. Dose Range.

Similar physiological effects, such a.s dyspnea, hypotonia,
depression, piloerectioni and analgesia., were obtained in mice housed at
70°F as in mice housed a t 40°F b ut with approximately one-tenth the close
(tables 1 and 2, appendix).

B. Acute Intraperitoneal LD50.

The a.cute toxicity of this compound was greater when the animals
were subjected to the added stress of dold (tables 3 and 4, appendix),

IV, DISCUSSION.

It has been previously reported 3 tha.t the acute intraperitonea.1
LD50 in mice is 390 (260-585) mg/kg. There may be many expla.nations
foi the discrepancy between the LD50 obtained in this study and ...)e LD50
pr,;viously 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 seen here correspondec1 very well
with those observed by other investigators. 4, 5, 6

A 24-hour LD50 could not be calculated because a greater than
500,o 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 LD5O 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 mice
per dose (tables 3A and 4A, appendix).

V, CONCLUSIONS,

I, Mice receiving tetrahydrocannabinol at s. 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 LDS0 of tetrahydrocannabinol inK mice at a room temperature of 70-F w- w Z.5 x 37 Fg/Kg-.

3, Thu acuto intrapeiLtonua1 LD50 of tetra iydro. ainabiýnol in
mice.at a room temperature of 40*.F was 14 ± 2 mg/kg.

4. Tetrahydrocannabinol is nine times more toxic in mice
subjected to the added stress of cold.

7



LITERATURE CITED

I. Hardman, H. F., Domino, E. F., and Seevers, M. H.
Terminal Report. Contract No. DA-18-108-CML-5663. April 30, 1959.
CONFIDENTIAL Report,

2, Berkson, J. A Statistically Precise and Relatively Simple
Method of Estimating the Bio-Assay with Quantal Response, Based on the
Logistic Function. J. Am. Stat. Assoc. 48, 565-599, 1953.

3, Fifth Progress Report. Contract DA-18-108-CML-3968.
'February 10, 1954. UNCLASSIFIED Report.

4. Toxicity Screening Branch Data Sheet. February 29, 1960,
and November 3, 1961. CONFIDENTIAL Report.

5. Hazleton Laboratories Monthly Progress Report No. 2.
Contract No. DA-18-108-405-CML-826. August 1960, CONFIDENTIAL
Report.

6. Vapor Toxicity Branch Quarterly Progress Reports.
July 1961 to December 1962. QONFIDENTIAL Report',.

9



APPENDIX

TABLE 1

EFFECTS OF TETRAHYDROCANNABINOL IN MICE AT
A ROOM TEMPERATURE OF 700 TO 72°F

(Three mice at each dose)

Time after
Dose injection 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, dy. pnea, piloerection,

hypotonia, slight ataxia, slight analges4ia.
60 Moderate depression, slight ataxia, dyspnea,

hypotonia, slight analgesia
90 Moderate depression, slight ataxia, dyspne.,

hypotonia, slight analgesia
120 Moderate depression, slight ataxia, hypotonia, slight

analgesia, dyspnea, hypothermia
150 Moderate depression, slight ataxia, hypotonia, slight

analgesia, dyspnea, hypothernmia
180 Moderate depression, slight ataxia, 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

tII



TABLE 1 (contd)

Time after
Dose injection in Observed effects

mninutes

mg/kg

100.0 15 Moderate depression, ptosis, slight ataxia, slight
hypotonia

30 Moderate depression, ptosis, slight 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
rmyotactic reflex, loss of pinna reflex

90 Marked depression, marked ataxia, hypotonia, loss
of myotactic reflex, loss of pinna reflex, dyspnea,
moderate analgesia, hypoLh"rmii120 Marked depression, marked ataxia, hypotonia, loss
of lriyotactic reflex, loss of pinnaa reflex, dyspnea,
moderate analgesia, hypothermnia

150 Marked depression, marked ataxia, hypotonia, loss
of rnyotactie reflex, loss of pinna reflex. dyspnea,
moderate analgesia, hypothermia.

180 Marked depression, markecd a1!axi.a, h )ypoloni, i, iss
of rnyotactic reflex, loss of pinna reflex, dyspnea,
moderate analgesia, hypotheimia

240 Marked depression, marked ataxia, hypotonia, loss
of myotactic reflex, loss of pinna. reflex, dyspnea,
moderate analgesia., hypothern-iia

300 Marked depression, markked ataxia, hvpotonia, loss
of myotactic reflex, loss of piinmý reflex, dyspnea,
moderate analgesia, hypothermia

Z4 hr One anirnal dead, one animal no observable effects,
one animal depressed

48 hr Two animals dead, one animal no observable effects

ZOO. 0 5 Pto s is
10 Ptosis, slight depre'3sioe, sli.gbt analgesia, dyspnna,

mnoderate hypot.oinia

A l ( ll ix 1



TABLE I (contd)

Time after

Dose injection in Observed effects
minutes

mg/kg

zo0. 0 15 Ptosis, slight depression, slight analgesia, dyspnea,
moderate hypotonia

30 Ptosis, slight depression, slight analgesia, dyspnea,
moderate hypotonia

45 Moderate depression, ptosis, dyspnea, loss of pinna
reflex, loss of myotactic reflex, one animal - loss
of righting reflex

60 Moderate depression, ptosis, dyspnea, loss of pinna

reflex, loss of rnyotactic reflex, one animal - loss
of righting reflex

90 Moderate depression, ptosis, dyspnea, loss of pinna
reflex, loss of myotactic reflex, hypothermia, one
animal - lose of righting reflex

120 Moderate depression, ptosis, dyspnea, loss of pinna
reflex, loss of myotactlc reflex, hypothermia, one
animal - loss of righting reflex

150 Moderate depression, ptosis, dyspnea, loss of pinna
reflex, loss of myotactic reflex, hypothermia, one
animal - loss of righting reflex

180 Morlrate depression. ptosis, dyspnea, loss of pinna
reflex, loss of inyotactic reflex, hypothr'inia, ine
animal - loss of righting reflex

240 Moderate depression, ptosis, dyspnera, loss of pinna
reflex, loss of myotactic reflex, hvpothermia, one
animal - loss of righting reflex

300 Moderate depression, ptosis, dyspnea, loss of pinna
reflex, loss of myotactic reflex, hypothernia, one
airmat - loss of righting r (f4lcx

24 hr Moderate depression, ptosis, dyspnea, loss of pinna

reflex, loss of myotactic reflex, hypotherrmia, one
aniinal dead

48 hr Three animals dead

App elix (1x



TABLE 1 (cortd)

Time after
Dose injection in Observed effects

minutes

rgkg

400. 0 5 Piloerection, slight stirnulation
10 Piloerection, moderate depression, hypersensitivity

to sound

15 Piloerection, moderate depression, hypersensitivity
to sound, slight analgesia, loss of myotactic 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 myotactic 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, loss ol pinna.
reflex, loss of' myotactic reflex

iAO Pitoerection, mnoderate dlepressio(•, divIpr L,,,
moderate analgesia, hypothermia, loss of pinna
reflex, loss of myotactic reflex

150 Piloerection, moderate depression, dyspnea,
moderate analgesia, hypothe rmia loss of pinna
reflex, loss of ny(•Otitli, rel'lx

180 Piloerection, moderate depression, severe dyspnea,
ptosis, hypotonia, moderate analgesia, loss of pinina

reflex, loss of m-iyotaetic rcf'lex, hypotherrnlia
240 Piloerection, moderate depression, severe dyspnea,

ptosis, hypotonia, moderat, analgesia, loss of pinna
Vr fleX, lo-ss of IIIyOtrtI j i llex , iypo th, r ia

i00 Pil(wrection, mode ratc dcpre ssion, severe dyspnea,

ptosis, hypotonia, moderate a ln getsia, loss of pinna

reflex, loss Of .,yotnI tiC. rt flCX, hypothe rnMia
24 hr Piloerection, mnoderate (lepr(,ssi•n, severe dyyspnea,

ptosis, hypotonia, moderate amnlgesia. loss of pinna

reflex, loss of inyo.taclt ir me lex, hypoilihernia

48 hr Three aniials deid

l : (lii XI



TABLE 2

EFFECTS OF TETRAHYDROCANNABINOL IN MICE AT
A ROOM TEMPERATURE OF 400 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 observable effects

'15 Ptosis
30 Ptosis, slight depression
45 Ptosis, slight depression
60 Ptosis, slight depression
90 Ptosis, slight depression, piloerection

120 Ptosis, slight depression,, piloerection
150 Slight depression
180 Slieht depDression
240 Slight depressnio
300 No observable effects

24 hr No observable effects
48 hr No observable effects

5. 0 5 No observable effcct.s
10 Ptosis
1 5 Ptosis, slight depression
30 Ptosis, moderate depression, dyspnea, slight

analgeaia
45 Ptosis, moderate deprecsion, dyspnea. ,light

analgesia, slight hypotonia

90 Ptosis, mode:,rate deprcssion, slighl. analgesia, slighit
hypotonia, pilocrecti, on, dyspnea

1zo Ptosis, mode rale deprescion, slight analgesia, slight
hypoa tonia, pilocrectio,0,, dyspne a

150 Ptosis, moderate depre ssion, slight analgesia s light
hypotuiia, piloerectioii, dyspnoa

180 Pfosls, moderate depression, slight aralgesia. li g!lt

hIypot (I ia, pi.o)0 r c Lion, dyspne a

App e nid 5



TABLE 2 (contd)

JTime after

Do~~ j injection in Observed effects

5. 0 240 Ptosis, slighit 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, slight analgesia, slight

hypotonia.
45 Ptosis, moderate depressLon, moderate analgesia,,

slight ataxia., moderate hypotonla., dyspnea.,
piloerection, hypothermia.

60 Pýtosis, moderate depression, moderate analgesia,

slight ataxia., moderate hypotonia., dyspnea,
piloerection, hypothermia.

90 Ftosis, moderate depression, mnoderate analgesia,

slight ataxia., moderate hypotonia, dyspnen,
piloerection, hypothermia

120 Ptosis, moderate depression, moderaite analgesia,
slight ata~xia, moderate hypotonia, dyspnea.,
piloer ecti on, hypotherm Lak.i

150 Ptosis, moderate depression, moderate analgesia,
slight a~taxia, mode rate hypotoni~a, dyspnea,
piloerection, hypothermia.

1S0 Ptosis, moderate depression, modera~te a~nalgesia,
slight a~ta~xia, moderate hypotorila, hypothermnia.,
loss of pinna. reflex, dyspnea

240 Ptosi.s, moderate depression, mnoderate analgesia.,
slight ata~xia., moderate hypotonia, hypothermnias,
loss of pinna. reflex, dys9pnea

300 Moderate depression, loss of rightinig reflex,
moderate analgesia., severe clyspnea., moderate
ataxia., hypotherm-ia., loss of pinna. reflex, loss of
mnyota~ctic reflex



TABLE 2 (contd)

Time after
Dose injection in Ohberved erffets

minutes

mg/kg

10'. 0 24 hr Three animals dead

?o, G 5 Ptosis, piloer"ction, slight depression
10 Ptosis, piloerection, slight depression
15 Ptosis, piloerection, moderate depression, dyapnea
30 Ptosis, piloerection, moderate depression, dyspnea
45 Ptosis, piloerection, moderate depression, dyspnea
60 Ptosis, piloerection, moderate depression, slight

ataxia, dyspnea, slight analgesia, loss of pinna
reflex

90 Ptosis, piloerection, moderate depression, slight
ataxia, dyspnea, slight analge.sia, loss of pinna
reflex

IZO Ptosis, piloerection, moderate depresision, slight
ataxia, dyspnea, slight analgesia, loss of pinnia
refle x

150 Ptosis, marked depression, lose of pinna reflex, loss
of myotactic reflex, loss of righting reflex, severe
clyspnea

180 Ptosis, ma rked depre ssion, loss of pinna reflex, loss
of inyotactic reflex, Iosii ol rg.t i tg r ,,hc
dlyspnlea

240 Ptosis, marked depression, loss of pinna rufle., loss
of rnyotactic reflex, los, of righting reflex, severe
clyspnea

i00 Ptosis, marked depression, los1 of pim.s reflex, loss
of rnyotactic reflex. loss of righplng reflex..st,' c

dyspneca

24 hr T'hree animals dead

Al 1) 1 d ix 17



TA B L, F 3

ACUTE INTRAPERLU0NEAl. COXUL FY 01' [I' [RAtlY DROCANNNAINOt.
IN NlIGE, A U A ROOX1I TEMPEP A I'URL OF 70' F 10 72,'[-

Numbor of Volume Votitt I'Wi~h)alld

Dosie auiu.mals c ad ministecred Fis S(k.i Thir nuinhe r' standlard
Per dwsu day) (ll da y -1 e a d dcviiat io n

mg/kg i n I g

2 .010 10.0. - 0 1 0 1

50, 0 10 10. (0 1 1 0 2

10010 10.0 0 0 0 0 12g 436, 5

200, 0 10 20. 0 0 1 6 10

4 00.,0 10 410.0 0 4 6 10

Control 10 40,.0 0 0 0 0

IDomo not tined in cal~culatiton of LD'50.

I N \1ILG I, AT A HOOMI iEMI'LRAI URE O1F 70'1-'
INCOR~PORATING DJOSE~ IANQ1-V. DATrA

Doort IAlm l Vl 0 1I I I It'0 oui u Sta dar

pu lpc ildiiniatorod F irsrt Sc:oitd T'hird d ead deviation
(it y Ila Y (41 Y

mg/kg 1m1/kg

25, n 1 0 10 0 1 0 1

-O 10 1 0 0

100. 0 1 10 110 2 1 iOj, 0 1 5 .5

Conro 2 0N 0



TABLE 4

AC UT", IN TRAPE RITONEAL TOXICITY OF TETRAHY DROCANNAE3INOL

IN MICE AT A-ROOMTE.MPERATUREOF 40*- TO 42OF

NUrnber of Mort'ality T otal LD50 and

Dos e -uninmas Vouenurber Standard
pe oe admninistered Fis econd Third dead deviation

pedr cls (fy day

m~g/kg mi/kg

1.0;:, 10 10. 0 0 0 0

2.5,10 10. 0 0 0 0

50)"10 10 0 0 00

10.0 10 10 n. U 0 14. 1 1. 7

20.0 10 10 5 510

I .0; o1 7 3 - 10

Control 10 10 j0 0 0 0

Douau not tusod in t I e calcult~on of LD5O,

!LMAIM, 4-A

ACU M IN VRAPL~O ITN ILA]. MXIGITY 01" T1W1RAI V1)ILOCANNAIMN0L
IN MI ~AT A_ ROOMAI TI'M PF1 A fliFt OF' 401'rI

OPPPLAINGUOS RAGEDATýA.Io tltMortalia( Iy roul 1 1.150 Anti
11 ,1 .-.- --- -~ -- -- ---- I~ - 111htm and~ird

pe s 11tl ini . t"a red Fi'Ir-it 8'c ond IIhirtl Imi lvito
portft days dt(d devidi

o, 10 0 0 0. 0

~~fl,~~ 0 (

Gtn I~10 0 0 () 0
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