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GIBERTINI, M., C. NEWTON, H. FRIEDMAN AND T. W. KLEIN. IL-ID and TNFa modulute A9-tetruhydro- 
cunnubinol-induced catalepsy in mice. PHARMACOL BIOCHEM BEHAV 50(2) 141-146, 1995.-The role of the proin- 
flammatory cytokines interleukin-la (IL-lo), interleukin-lj3 (IL-IS), interleukind (IL-6), and tumor necrosis factor-o (TNFo) 
in THC-induced catalepsy in mice was examined. Recombinant IL-la (400 rig/moose.. IV) and TNFa! (500 rig/mouse, IV) 
were effective in potentiating the cataleptic effect of low-dose THC (10 pg/mouse, IV). Recombinant IL-lo and IL-6 did not 
potentiate catalepsy at any dose tested. Anti-IL-It3 and anti-TNFa antibodies were effective in attenuating high-dose (75 gg/ 
mouse) THC-induced catalepsy. Antibodies to IL-lo and IL-6 had no effect on catalepsy. Early onset catalepsy (10 min 
postinjection) was potentiated by exogenous recombinant IL-lj3 and TNFa but only later catalepsy (2 h postinjection) was 
attenuated by antibodies to endogenous IL-10 or TNFa. This divergence of the cytokine effect suggests that these substances 
regulate, by different mechanisms, the early and late THC-induced cataleptic response. 

THC Cytokines Catalepsy Mice IL-l@ TNFo 

THE MAJOR psychoactive cannabinoid of Cannabis, A’- 
tetrahydrocannabinol (THC), induces many well-charac- 
terized effects, including reductions in spontaneous activity, 
catalepsy, antinociception, hypothermia, and cognitive 
changes (26). Some of these effects are believed to be receptor 
mediated because a cannabiniod receptor has been described 
(16,28) and the distribution of these receptors in the brain 
is consistent with the observed behavorial and motor effects 
(14,27). In addition, an endogenous ligand for the cannabin- 
oid receptor (arachidonylethanolamide or “anandamide”) has 
recently been discovered, synthesized, and shown to have re- 
ceptor binding, pharmacological, and behavioral activity con- 
sistent with cannabinoids (10,12,13). 

We have been concerned with the effect of THC on immu- 
nity for many years (3,19,20,22,23,35,40,41). In particular, 
we have been involved in describing the role of drugs of abuse 
as cofactors in infectious disease susceptibility. During our 
investigations, we have made both formal and informal obser- 
vations relevant to this discussion. In particular, we have in- 

formally observed that catalepsy appears more intense than 
usual when THC is injected during the course of a bacterial 
infection. And, conversely, it appears less intense than usual 
if sick animals receive anticytokine antibodies prior to THC 
injection. Also, we have shown THC increases circulating lev- 
els of TNFa and IL-6 in mice that were previously infected 
with gram-negative bacteria (21). Given that: 1) THC may 
directly influence circulating cytokine levels (21); 2) prosta- 
glandins have been implicated in THC catalepsy (4); 3) prosta- 
glandins are involved in the regulation of IL-1 and TNFo (1); , 
and 4) proinflammatory cytokines are CNS active and have 
wide-ranging behavioral effects (2,6,8,11,17,29,31), we won- 
dered whether some part of the cataleptic response to THC is 
due to THC-induced disturbances in release of cytokines by 
cells of the immune system. Specifically, we hypothesized that 
peripherally administered exogenous recombinant IL-la, IL- 
18, IL-6, and TNFa would potentiate, and that administration 
of monoclonal antibodies to endogenous IL-la, IL-l& IL-6, 
and TNFa would attenuate, THC-induced catalepsy. 

’ Requests for reprints should be addressed to Thomas W. Klein, University of South Florida, College of Medicine, Department of Medical 
Microbiology, MDC Box 10, 12901 Bruce B. Downs Blvd., Tampa, FL 33612. 
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METHOD 

Animals 

Female BALB/c mice (Harlan, Indianapolis, IN; and Jack- 
son, Bar Harbor, ME) 7-9 weeks old were used in all experi- 
ments. Animals weighed 15-21 g and were housed in groups 
of 10 in an animal room with a normal 12L : 12D cycle and 
an ambient temperature of 20-22OC. Food and water were 
continuously available and animals were tested no sooner than 
1 week and no later than 3 weeks after their arrival. 

Chemicals 

A9-Tetrahydrocannabinol (THC) was provided in ethanol 
by the Research Technology Branch of the National Institute 
on Drug Abuse, Rockville, MD. The ethanol was evaporated 
with a stream of nitrogen gas and the THC residue was then 
dissolved in dimethyl sulfoxide (DMSO) to a concentration of 
SO mg/ml. This drug solution was further diluted in heat- 
inactivated mouse serum for injections that were given intra- 
venously in volumes of 0.1 ml. Murine recombinant IL-la, 
IL-l& and TNFa were purchased from Genzyme (Cambridge, 
MA). IL-6 was purchased from R&D Systems (Minneapolis, 
MN). Hamster anti-murine IL-la and IL-l/3 monoclonal anti- 
bodies were purchased from Genzyme. Rat anti-murine IL-6 
and anti-murine TNFa monoclonal antibodies were purchased 
from Pharmingen (San Diego, CA). 

Experimental Design 

Three series of studies were conducted. In the first series of 
experiments (dosing series), animals were injected with vary- 
ing doses of THC and observed for catalepsy over a 4-h pe- 
riod. This series established the dosing and timing parameters 
for all subsequent studies. In the second series (potentiation 
series), recombinant cytokines were administered IV to po- 
tentiate early onset THC-induced catalepsy. In the third series 
(attenuation series), monoclonal antibodies to the cytokines 
were administered IV to attenuate catalepsy over a 4-h period. 

For the dosing series, animals were observed for catalepsy 
at 10, 60, 120, and 240 min after injection with THC. The 
IO-min time point was included after preliminary studies (data 
not shown) indicated that mice became cataleptic within a few 
minutes after IV injection. The inclusion of this measurement 
in subsequent studies allowed us to assess the effects of cyto- 
kines and their antibodies on very early onset catalepsy. The 
drug preparation was injected IV at four different doses (vehi- 
cle only, 10 wg, 50 pg, and 75 pg per mouse). Mice tried on 
higher doses exhibited catalepsy at a level that consistently 
exceeded the upper limits of the catalepsy measuring system 
(data not shown). Therefore, we selected 10 fig/mouse as the 
minimum and 75 pg/mouse as the maximum dose for subse- 
quent studies. 

For the potentiation series, the effect of cytokines on cata- 
lepsy was assessed by adding cytokines to the THC (10 wg/ 
mouse) preparation. Animals were injected IV with the THC/ 
cytokine preparation and were observed for catalepsy 10 min 
later. Cytokines were added to the THC preparation in the 
following doses: IL-la and TNFa, SOOng/mouse; IL-l/3 and 
IL-6,400 rig/moose.. IL-la and TNFcx were also tried in com- 
bination at doses of 100 and 150 rig/moose,, respectively. 

For the attenuation series, the effect of anticytokine anti- 
bodies on catalepsy over a 4-h period was assessed by adding 
the antibodies to the THC (75 rig/moose)) preparation. Ani- 
mals were injected with the THUanticytokine preparation 

and were observed for catalepsy at 10, 60, 120, and 240 min 
postinjection. Two series of experiments were conducted. In 
the first series, anticytokines were given at a dose of 20 pg/ 
mouse (except for anti-IL-la, which was administered at a 
dose of 10 pg/mouse). In the second series, all anticytokines 
were given at 30 fig/mouse. 

Control Groups 

In preliminary studies (data not shown), the cataleptic ef- 
fect, if any, of the cytokines, the anticytokines, and the 
DMSO/serum vehicle was tested against mice injected with 
pyrogen-free saline only. Also, the anticataleptic effect of an- 
tibodies of irrelevant specificity (rat or hamster anti-TNP IgG 
obtained from Pharmingen, San Diego, CA) was tested. No 
effects were observed for any of these treatments. It should be 
noted that IL-l and possibly other cytokines produces behav- 
ioral changes generally subsumed under the rubric of “sickness 
behavior.” Decreases in spontaneous locomotion (but not cat- 
alepsy) is a common observation. Behavioral changes after 
administration of exogenous cytokine generally are apparent 
after 30 min postinjection, peak at 2-4 h, and resolve after 8 h 
(7). Our measurement of catalepsy occurred once at 10 min 
postinjection of cytokine/THC. In addition, our catalepsy 
measuring system monitored nose, whisker, and tail twitches. 
These movements are notably absent during intense catalepsy 
but are quite apparent in sickness-related motionlessness. 
Therefore, cytokine-induced sickness behavior per se probably 
did not interfere with our measurement of catalepsy. THC 
plus vehicle then served as the only comparison group for all 
experiments. 

Procedures 

Animals were transported to the behavioral testing room 
30 min prior to testing and were allowed to acclimate to the 
room undisturbed. The testing room was kept at 2S°C and 
was used only for these experiments so that extraneous sound 
and changes in lighting could be minimized. A single experi- 
menter administered the drugs and measured the catalepsy for 
all experiments. A collaborator prepared the drugs in coded 
vials and delivered them to the experimenter who was there- 
fore unaware of the contents of any injection. Animals were 
tested in groups of three to five and a control group was 
included for every trial. All injections were given into a tail 
vein in volumes of 0.1 ml/mouse. 

Animals were naive to THC and had not been used in 
any other experiments. During the time course experiments 
(dosing and attenuation series), the mice were kept in heated 
cages (35-37OC) to prevent changes in catalepsy as a result of 
THC-induced hypothermia (32). Experiments were conducted 
between 0800 and 1300 h. 

Catalepsy Measurements 

The cataleptic response was measured by the ring test (33). 
The apparatus for the test consisted of a wire ring (5.5 cm in 
diameter) fixed horizontally to a ring stand at a point 16 cm 
above the deck. The experimenter placed the mouse across the 
ring so that it was supported only by its front and rear paws. 
Its forepaws were placed over the ring and the rear paws were 
then placed on a diametrically opposite point on the ring. 
The number of seconds the mouse remained on the ring and 
motionless (except for movements associated with respiration) 
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were then recorded. The test was conducted for 5 min and the 
measure of catalepsy was taken as the percent of total time on 
the ring in which the mouse was immobile. This procedure is 
an adaptation of one of the standard tests for catalepsy (33,25) 
and has been used in many studies (34). 

Data Analysis 

One-way ANOVA was used to test for differences in cata- 
lepsy among THC-only control subjects across experiments. 
ANOVA results for the potentiation series indicated that no 
differences existed between the THC control groups from dif- 
ferent trials run on different days, F(5, 17) = 2.38, NS. Re- 
peated-measures ANOVA for the attenuation series also 
found no differences, 03, 83) = 2.70, NS, across the THC- 
only control groups. Control groups were therefore pooled 
within each of these series. 

For the potentiation series, two-tailed independent sample 
Student’s t-test was used to test differences between individual 
treatments and their respective combined control group. For 
the time course studies of the attenuation series, two-way re- 
peated-measures ANOVA was used to test differences between 
each treatment group and the control group over time. The 
effect of interest in this model is the interaction between group 
(THC vs. anticytokine) and the linear trend on the repeated 
factor (catalepsy measurements over time). A statistically sig- 
nificant interaction of this type indicates that the slopes of 
the linear trend lines are different, which would be the best 
indication that the rate of attenuation differed between the 
groups. 

RESULTS 

The time and dose dependency of THC-induced catalepsy 
was initially examined. These studies were undertaken because 
preliminary results suggested our method induced a state of 
catalepsy that was quantitatively and qualitatively different 
from that reported in the literature. Also, because the aim of 
this investigation was to potentiate and attenuate catalepsy 
through manipulation of circulating cytokines, we wished to 

10 0 vgjmouse 

0 --------*---------k--------b 

10 60 120 240 

Minutes Post Injection 

FIG. 1. Catalepsy over 4 h at varying doses of THC. Vehicle-only 
group (THC = 0 gg/mouse) received injection vehicle (DMSO and 
normal mouse serum) as described in the Method section. Percent 
catalepsy is the percent of total test time (5 min) during which the 
mouse was immobile. 

TABLE 1 

POTENTIATION OF EARLY ONSET THC-INDUCED 
CATALEPSY BY EXOGENOUS CYTOKINES 

Cytokine 

THC only 
IL-lff 
IL-IS 
IL-6 
TNFo 
IL-l@ + 
TNFo 

Dose N Mean* SD I 

- 39 36.7 16.0 - 
500 4 ng 39.1 7.9 0.3 
4OOng 4 69.8 13.1 4.0t 
4OOng 6 21.6 10.8 -2.2 
500 4 ng 72.6 8.9 4.4t 
1OOng 10 61.6 12.1 4.5t 
150 ng 

Data were evaluated by independent samples t-tests 
comparing the control group to the respective treatment 
group. Mice were injected IV with a combination of THC 
(10 gg/mouse) and the relevant cytokine as described in 
the Method section and were observed for catalepsy 10 
min later. 

*Percent of total test time (5 mitt) spent immobile. 
tp < 0.001. 

establish THC doses that would produce minimal and maxi- 
mal catalepsy. Figure 1 shows that the DMSO/serum vehicle 
had no cataleptic effect of its own. Further, there was minimal 
increase in catalepsy as a result of experience or “training” as 
evidenced by the consistently low catalepsy scores for vehicle 
at all time points. Figure 1 also shows that a THC dose of 10 
pg/mouse produced a low level of catalepsy (30%) and that 
75 pg/mouse produced a near maximal level of catalepsy 
(93%). The response to all doses was greatest at 10 min and 
abated slowly over the remaining observation period. 

From the results in Fig. 1, a dose of 10 pg/mouse was 
selected to test the potentiating effect of cytokines on THC- 
induced catalepsy. Contrary to our initial hypothesis, only 
IL-10 and TNFa potentiated the cataleptic effect of THC at 
the lo-min time point (Table 1). IL-la and IL-6 did not po- 
tentiate THC catalepsy. Also, synergy between IL-10 and 
TNFa was suggested by the finding that combining cytokines 
at low doses increased catalepsy at a level comparable to that 
produced by higher doses of either one administered singly. 
When these lower doses of IL-10 and TNFa were tried singly, 
no potentiation was observed (data not shown). 

The results of experiments designed to test the attenuating 
effects of low-dose anticytokine antibodies on high-dose (75 
pg/mouse) THC-induced catalepsy are presented in Table 2. 
This table shows that at the doses tested, only anti-IL-lfi sig- 
nificantly decreased catalepsy, and then only after 2 h postin- 
jection. Anti-IL-la, anti-IL-6, and anti-TNFa! had no effect 
on THC-induced catalepsy through the 240-min observation 
period. The highly significant F-value for IL-10 indicates that 
the rate of attenuation was significantly faster for the IL-l/3 
group than that for the THC-only group. 

Table 3 shows that with a higher dose (30 pg/mouse) of 
antibody, both anti-IL-10 and anti-TNFo were effective in 
attenuating catalepsy. Further, the trend lines for these two 
antibodies over the observation period were significantly dif- 
ferent, fll, 55) = 30.21, p c 0.001, indicating that anti- 
TNFar may be associated with more pronounced attenuation 
of THC catalepsy than is anti-IL-16 at this dose. Neither anti- 
IL-la nor anti-IL-6 affected catalepsy (Table 3). 
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TABLE 2 
ATTENUATION OF THC-INDUCED CATALEPSY OVER 4 H BY 

LOW-DOSE EXOGENOUS ANTICYTOKINES 

Anticytokine N 10 Min 60 Min 120 Min 240 Min 

THC only 27 91.5 (8.2) 82.6 (12.3) 64.0 (15.0) 36.7 (17.8) - 
Anti-IL-la 8 94.2 (3.1) 86.8 (9.5) 66.7 (12.3) 23.5 (9.9) 5.07 
Anti-IL-16 9 92.9 (2.4) 79.5 (14.8) 43.7 (16.8) 12.7 (10.4) 19.77’ 
Anti-IL-6 8 94.6 (6.3) 82.2 (8.9) 56.6 (10.0) 32.8 (13.8) 1.54 
Anti-TNFa 8 95.8 (3.4) 88.8 (9.5) 66.3 (11.9) 30.1 (15.1) 2.51 

Values are mean with SD in parentheses. Mice were injected IV with a combination of THC (75 
pg/mouse) and the relevant anticytokine as described in the Method section and were observed for 
catalepsy at 10, 60, 120, and 240 min postinjection. Doses: anti-ILlo, 10 rg/mouse; anit-ILlfi, 
anti-IL6, and anti-TNFa; 20 pg/mouse. Means represent the percent of total test time (5 min) spent 
immobile. 

*p < 0.001. 

DISCUSSION 

In this study, we observed catalepsy earlier and at lower 
doses than has been previously reported (5). It is possible that 
our technique of using DMSO as a drug vehicle and then 
mixing the THC/DMSO preparation with mouse serum for 
injection improves the bioavailability of THC and, therefore, 
penetration into central areas; however, this effect was not 
directly tested. The establishment of a THC dose that pro- 
duced minimal catalepsy allowed us to test the possibility that 
coinjection of cytokines and THC potentiated catalepsy. Our 
results showed that IL-la and IL-6 were not active in this 
regard; however, IL-10 and TNFa were capable of potentiat- 
ing the THC effect. Furthermore, these two cytokines dis- 
played synergy of potentiation, in that, a low-dose, combina- 
tion injection of IL-l/3 and TNFa was much more effective 
than injection of either cytokine alone. 

The mechanism of cytokine potentiation is not clear at this 
time. However, the rapid effect (i.e., within 10 min) suggests 
it possibly directly affects the blood-brain barrier (BBB), al- 
lowing for increased movement of THC from blood to brain 
and a quantitative increase in the amount of the drug reaching 
targets in the basal ganglia (15). Some reports have shown that 
cytokines or agents that induce them increase BBB permeabil- 
ity following systemic injection into rodents (18,24); however, 
other reports tend to discount this effect of circulating cyto- 
kines, emphasizing instead the importance of centrally pro- 

duced cytokines (36). Cytokine effects on arachidonic acid 
metabolism by cells in the periphery, CNS, or BBB might also 
be involved because THC-induced catalepsy is attenuated by 
cyclooxygenase inhibitors (4), and prostaglandins and cyto- 
kines are known to interact in the periphery (1,38) and to 
influence CNS function (6,37). 

We also examined the attenuation of THC-induced cata- 
lepsy by anticytokine antibodies. Neutralizing blood and tis- 
sue levels of either IL-lb or TNFa by the administration of 
monoclonal antibodies was shown to hasten the recovery from 
catalepsy, although it did not prevent early (10 min) catalepsy. 
Presumably, these antibodies do not easily cross the BBB, 
indicating that cytokines in the periphery may be more impor- 
tant in the persistence of the cataleptic effect rather than the 
initiation of catalepsy. The source and mechanism of action 
of the peripheral cytokine is not clear at this time. THC injec- 
tions at the doses used in this study do not cause a detectable 
increase in serum cytokine levels (unpublished), but drug- 
induced increases in local areas such as the BBB cannot be 
ruled out. Increases of cytokines in the BBB would be ex- 
pected to develop within hours, to be susceptible to neutraliz- 
ing antibody in the blood, and to effect BBB permeability 
(18,29). 

Although the current results tend to implicate IL-10 and 
TNFcx in the cataleptic response to THC, caution must be 
exercised in interpreting the results. We do not know whether 
the cytokines act at the level of extrapyramidal motor system 

TABLE 3 

ATTENUATION OF THC-INDUCED CATALEPSY OVER 4 H BY 
HIGH-DOSE EXOGENOUS ANTICYTOKINES 

Anticytokine N 10 Min 60 Min 120 Min 240 Min 

THC only 11 97.0 (2.6) 87.6 (5.2) 60.3 (13.0) 27.1 (15.4) _ 

Anti-IL-la 7 98.7 (2.5) 89.8 (5.9) 65.8 (16.8) 25.7 (9.3) 0.08 
Anti-IL-16 7 95.9 (5.9) 81.4 (12.6) 50.0 (8.5) 11.1 (9.3) 4.92* 
Anti-IL-6 7 97.8 (1.4) 96.0 (6.0) 63.0 (17.8) 33.0 (16.1) 0.12 
Anti-TNFo 7 90.3 (6.1) 46.0 (20.7) 22.6 (13.6) 11.0 (9.3) 43.02’ 

Values are mean with SD in parentheses. Mice were injected IV with a combination of THC (75 
pg/mouse) and the relevant anticytokine (30 pg/mouse) as described in the Method section and were 
observed for catalepsy at 10, 60, 120, and 240 min postinjection. Means represent the percent of total 
test time (5 min) spent immobile. 

‘p < 0.001. 
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or at some other point. It is possible, for example, that the 
different cytokines interacted with THC’s hypothermic effect 
in different ways and the measurement of catalepsy was 
thereby differentially affected (39). We did not examine this 
possibility directly and it remains open as an alternative expla- 
nation of the results. Also, it should be stated that our results 
are limited to THC-induced catalepsy and may not be relevant 
to other types of catalepsy, any of which may have different 
neural substrates (9). 

From a different perspective, the current results do suggest 
that cytokine mobilization can influence a highly specific, re- 
ceptor-mediated motor disturbance. We believe this finding 
extends the literature on immune system/CNS communication 
as well as the literature on THC’s many physiological effects. 
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