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THE EFFECT OF DELTA-9-TETRAHYDROCANNABINOL ON VALINE AND URIDINE 

UPTAKE IN RAT BRAIN 

Benjamin H. Lewis, Jill C. J~covitz, Jennifer L. Lewis, and 

Edward L. Bennett 

Recent beha· .... ioral and physiological studies with del ta-9-

tetrahydrocannabinol (THC) are extensive and several suggest 

short term memory impairment (TINKLEBERG, MELGES. HOLLISTER, and 

GILLESPIE, 1970; MEIEES t TINKLEBERG, HOLLISTER, and GILLESPIE, 

1970; \'{EIL and ZINBERG, 1969'; SCHECKEL, BOFF, DAHLEN and Si':l! .. HT, 

1968; ZIMMERBERG, GLICK, and JARVIK, 1971). Studies of meta-

bolic changes in brain following THC adrr:inistration are few in 

numbe"r (HOLTZrf.AN, LOVELL, JAFFE, and FREEDrftAN, 1969) with the 

most recent studies suggesting inhibition of macromolecular syn-

thesis (LUTHRA, ROSENKRANTZ, MWrILLY, TI{OMPSON, and BRAUDE, 
~ v 

1971; JAKUBOVIC,.and r.:cGEER, !.1972a; JAKUBOVIC and McGEER, 1972b). 

Inhibitors of RNA and protein synthesis have been implicated in 

the impairment of long-term memory (BARONDES and COHEN, 1968; 

FLOOD, ROSENZVlEIGH, BENNETT, and ORME, 1972; HORN, ROSE, a!:d 

BATESON~ 1973)· and have been used vlidely in memory research. 

We have studied 14C-L_valine and 3H-5-uridine incorpora

tion into rat brain following acute (intracranial and smoke in

halation) and chronic (intraperitoneal) administration of TIIC. 

Our findings suegest other experiments that may be done to elu-

cidate the biochemical effects of THe in rat brain. 
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r.'{,9. terials and r,~o.thod3 

Male adult rats (Sprague-Dawley) each weighing about 200 

grams were obtained from Charles Rivers Co., San fl1ateo, Calif

ornia. 3H-5-uridine (1.0 mC/ml, 105.3 mC/mg)c.:I\~ L.t ... ll~C-L-valine 

(0.1 mC/ml, 0.45 mC/nig) were obtained from New Eng10nd Nuclear. 

Del ta-9-tetrahydrocannabinol in a 200 mg/inl alcohol solution was 

supplied by the National Institute of. Mental Health, Washington, 

D.C. Gas liquid chromatography taken every four weeks from date 

of receipt of THC showed a single peak l.utching the original NIJV!Jf 

supplied analysis, indicating stability of THC under storage con-

d i tions. 

Sesame seed ~il(Hollywood Health Food) and Tween-SO Eolu

tion '(Mann Research Laboratories) and ster:ile sa~inc (0.9;'~ I':a.CI. 

Cutter Laboratory) were used in making an emulsion for intrapcri-
14 toneal route.THC and C-L-valine were stored at -21oC, while 

3H-5-uridine was kept in eth:','l alcohol at +2oC (KUPOWOVA and 

DEDKOVA, 1971) and diluted to 0.25 mC/ml before use. 

THC was injected intracranially at a dosage of 10 pI per rat 

(10 mg/kg body weight). Control rats received equal volumes of 

absolute alcohol. Animals were sacrificed after 1,- 2,,3. 4· , and 

5 hours. ,Thirty minutes before decapitation 50 .ul of 14 C-L-val-
.. 

ine was injected subcutaneously. Brains 'Nere excised and imme-

diately frozen on dry ice to halt enzyme activity before transfer 

to a freezer at -2loC. 

In another set of acute experiments. cigarettes containing· 

50 )11 (10 mg) of THC in ethanol were prepared. Control ciEar-

ettes contained an equal volume of absolute alcohol. Animals 

were placed in a sealed chamber. Smoke was drawn into the cham~ 

... l 
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ber using a floVi rate of 155 cc air/min for ten'seconds of every 

minute for 12 min. The use of a double stopcock enabled..air to 

be drawn in at the same rate for the remaining 50 sec of every 

minute. Animals were sacrificed at 1, 2 and 3 hr after inhala

tion. Otherwis.e, procedures were the same as described above. 

In a final set of experiments, the effects of chronic ad-

ministration of THe was determined. Rats were injected intra

peritoneally with an emulsion consisting of 5 ml of 200 mg/ml THC 

in ethanol solution, 50 ml of sesame seed oil" 5 ml of Tween-BO 

solution, and 90 ml of sterile saline (0.9% NaCl solution) (RO

SENKRANTZ, THOMPSON, and BRAUDE, 1972). This was emulsified by 

sonifica tion (Heat S:)rstems-Ul trasonics, Inc. sonifier cell dis-
.,. 

ruptor WlB5) for about 1 min, after which there was a brief wait 

followed by an 'aciditional 30 sec of sonification. This formed a 

milky-type emulsion, which was bottled 6 to 8 ml per ampule and 

then stored in a refrigerator. New supplies were made every 10 

to 15 days as·needed. Rats received a daily dos:e of 10 mg/kg. 

(Animals were weighed daily during the first 10 days and there

after every other day.) Animals were sacrified at 10,20, and 30 

days. Thirty min bef'ore decapitation, half of the animals re

ceived subcutaneously 50 }II of l4C-L":valine. The other half of 

the animals recei~ed10 ill of 3H-5-uridine intracranially (5 ttl 

bilaterally). All brains were excised and stored as described 

above. 

The TCA protein extraction procedure used was. described by' 

FLOOD, ROSENZWEIG, BENNETT, and ORME (1972), Incorporation of 

l4C-L-valinc into protein was calculated as the percent of 
TCA precipitatedpm . 

TCA precipitate dpm +supernatantdpm) x 100· . .. (PLEXNER; 
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FLEXNER, ROBERTS, and ~e laHABA, 1964), 

For RNA, brains were homoGenized to a concentration of 25 

mg/ml in 0.15M ED'l'A \'/i th pH ad jus ted to 6.0 by addition of NaOH 

pellets. Homogenate aliquot~ (500 ~l) at oOe were precipitated 

wi th an equal volur12 of cetyl trimethyl arr.monium bromide (CTAB) 

at room temperature. (Both EDrrA'Na2 and CTAB were supplied by 

Ma theson.) The precipitate was kept at OoC for at least 30 min 

and then fil tcredthrough a Millipore apparatus (Whitman GPIC 

filt0rs 2.l~ em) with a water wash and at least 6 ml of eth2.TIol 

saturated with potassium acetate removing fre~ trinucleotides 

and forming potassium salts of nucleic acids. Filters were then 

placed in counting vials, hydrolyzed in 0.3N KOH at 37°C for one 

hour, a~d then neutralized with 100 ~l of 3.0N HGlbefore adding 

13 ml dioxane scintillation fluid (250 ml EtOH, "lWO ml 1,4 dio- , 

xane, 50 g naPthalenc, 50 ml perr.1afluor from P<:'.ckard, and dilu ted 

to one liter with toluene). Cabosil Thixotropic silica gel (New 

England Nuclear) was adu.ed which suspended filtera in solution. 

We found this to be necessary for accurate radioactivity esti-

mates. Aliquots (150 pI) of the homogenate were placed in count

ing vials and dried under a heat lamp to remove the 3H20 formed 

from either the self-decomposition or metabolism of 3H-5-uridine, 

The homogenate was also hydrol:,,'zed and neut:ralizcd as above be-

fore 13 ml of the dioxane scintillation fluid was added, Samples 

were counted in a Packard Tri-Carb Liquid Scintillation Spectro-

meter Model 3375. Incorporation values were calculated as 

(~ecipitate dpm) x 100. 
homogenate dpm 
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Results 

Since THC docs not pass easily through the blood-brain 

barrier, several modes of administration were employed. Chronic 

and acute st~dies were dono for comparison to previous in vivo 

and in vitro studies. 

Incorporation of 14C-L-va1ine appears to be unchanged fo1-

lowing, 1) intracranial injection of' -THC into the brains 

of approx. 200 g rats (l'able 1), 2) inhalation of 1.7 mg of THC 

burned in a sIT.oking chamber (Table I), and J) 'daily intr2.pcri

toneal injection of 10 mg THC/kg body weight for up to JO days 

(Table 2). The latter experiment also showed no effect on a 

group of rats injected in the same manner when the incorporation 

of J}f:S'':uridine vms measured (Table 2). Prelimir.ary experi.ments 

using intracranial injPction also indicate no effect on JH-5-ur-
•. inc.l)rf"ra+io~! 
1dlneA Inhalaclon studies have not been done to measure RKA syn-

thesis. 

Discussion 

While the behavioral response of the experimental rats was 

not uniform, generally they exhibited ataxia, hypersensitivity. 

to tactile and auditory stimuli, and diminished motor activity. 

Thes~ observations are consistent with behavioral studies (TIN-

KLEBERG, MELGES, HOLLISTER, and GILLESPIE, 1970; MELGES, TI:IKLE

BERG, HOLLISTER, and GILLESPIE, 1970; \'fEIL and ZINBERG, 1969; 

SCHECKEL, BOP?, DAHLEN, and SI.:ART, 1968; Zn:r.1ERBERG, GI,ICK. and 

JARVIK, 1971.). 
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Although three out of the fourteen comparisons (the various times of 

animal sacrifice) showed a statistically significant treatment effect (p<.Ol, 

t-test), we feel that due to the erratic nature Gf the results and the small 

number of rats emphasis should not be placed on this result~ It should also 

be noted that an average of all THC rats vs. control rats showed no signifi-

cant difference in each of the four sets of experiments~ 

Some previous studi~s have indicated significant inhibition in RNA and 

protein synthesis and decreased whole brain content of RNA and protein. 

LUTHRA, ~~., (1971), used daily doses of 50-500 mg/kg administered by oral 

gavage for 28 and 91 days. A dose related decrease of about 30% was found for 

protein and RNA in the brain. They suggested that THe might sti~ulate the 

breakdown and/or !Jrevention of syntheses of these macromolecules. Very re

cently, LUTHRA, et al., (1973) have reported that chronic administration of 
, 

delta-9-THC caused a 9-14% increase in RNA In cerebellum of rats. 
( 

v 

JAKUBOVIC and McGEER (1972a) doing in vitro studies, incubated slices 

of rat brain tissue with 0.1 m'" THC and 14C-L-leucine. They reported a signi

ficantly lower leucine incorporation into protein for THC animals than for 

controls. Similar values were obtained for the incorporat~on of 3H-5-uridine 

into nucleic acids in the presence of THC. Using infant rats they reported a 

significant inhibition in in vivo studies of the uptake of uridine and leucine 

into RNA and protein, respectively, 3 to 4 hours after intracranial injection 

of 20 mg THC/kg. CARLINI and CARLINI. (1965) found no effect on RNA concentra-

, I 

tion in the brain either when 10 or 100 mg/kg of crude marijuana extract was ·v 
injected intraperitoneally, but did "report a large decrease in DNA concentration. 

Our studies do not support the hypothesis that the THC affects brain 

metabolism by inhibiting RNA and protein synthesis. vJe did not find signifi":" 

cant inhibition of either RNA or protein synthesis in whole brain tissue 
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following ac~te or chronic experiments, employing three modes of administra

tion. ,r10RIMOTO ,and BEtINETT (1973, personal communication) have found little 

or no effect of THC on DNA, RNA, or AChE activity in rat brain after daily 

'intraperitoneal administration of 10 mg/kg for 30 days. 

The.s,imiJ ari ty of THe to 5-hydroxytrypt(Enine suggests tha t neurotrans

mitters may be affected rather than. the synthesis of RNA and protein (LUTHRA, 

et~., 1'971 t. , \·Ie are extending our experiments to detennine the concentration 

of THC in ,rat brain after intraperitoneal administration. 
'i'" 

. :':;-". : 
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TABLE 1 

EFFECT OF A SINGLE EXPOSURE TO THC or~ TH( 'INCORPORATION OF VALINE INTO. . . 

RAT BRAIN 

Average 
of all 

. times 
tested 

52 t3 

N=28 . 

Control' 58t3 . 47 ±3 57 ±5 50 ±3 49 ±1 53 ±6 

N=6 N=5 N=8 N=3 N=26 

SMOKE INHALATION .. 

Experimental S8i2 49 ±3 52 ±4 ·53 ±5 

N=4 N=5 . N=5 N=14 

'. Control 53 ±6 56 ±3 .53±3 
: 

54 ±4 

N=5 N=3 .N=5 N=13 

; .. ," ". 
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TABLE 2 

EFFECT OF CHRONIC INTRAP~RITONEAL INJECTION OF THC ON THE RATE OF 

VALINE AND URIDINE UPTAKE IN ,RAT BRAIN 

Consecutive Days of Injection 
10 20 30 

% INCORPORATION OF VALINE 

Experimental 51 ±3 49 ±4 47 ±3 

N=4 N=4 N=5 
" 

Contra 1 46 ±7 49 ±3 48 ±4 
l' 

N=4 N=4 N=5 
, 

%INCORPORATION OF URIDINE 

Experimental 33 ±3 ' 20 ±4 34 ±5 
, ,-

N=4 N=4 N=4 

Control 33 ±7 ,22 ±a 31 ±5 

N=4 N=3 N=5 
!' 
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