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BODNAR, R. J , K P MERRIGAN AND M. M WALLACE. Analge~ta followmg mtraventrtcular admmtstratton of 
2-deoxy-D-glucose. PHARMAC. BIOCHEM. BEHAV. 14(4) 579-581. 1981 --The glucose analogue. 2-deoxy-D-glucose 
(2-DG) ehcits hyperphaglc and analgesic responses in rats. The former response appears to be mediated by central 
processes since overeating is elicited following mtraventncular administration of 2-DG at low (3.5 and 5 0 mg/kg) doses 
The present study examined whether flinch-jump thresholds would increase 30, 90 and 180 mm following mtraventncular 
rejections of 2-DG at low (3.5, 5.0 and 10.0 mg/kg) doses and compared these effects with systemlcally-apphed 2-DG doses 
of 350 and 500 mg/kg. Intraventncular 2-DG admmlstratxon increased jump thresholds for up to 180 min across all test 
doses Flinch thresholds were also increased, but in a manner dissociated from jump thresholds. Ammals with cannulae 
located near, but not in the lateral ventricle, displayed delayed analgesic effects. The magmtude of mtraventncular 2-DG 
analgesia was not as potent as the 100-fold higher systemic rejections It appears that central mechamsms medmted 
mtraventncular 2-DG analgesia at the low dose range since higher, systemic 2-DG doses have previously failed to increase 
flinch-jump thresholds. 

Pain Analgesia 2-Deoxy-D-glucose Rats 

THE GLUCOSE analogue, 2-deoxy-D-glucose (2-DG) [5,8] 
elicits hyperphagic responses in rats [13]. Several studies 
have postulated that this response is due to activation of 
central nervous system pathways rather than general cellular 
glucoprivation. Support for this hypothesis include the ob- 
servations that systemic 2-DG injections induce peripheral 
sympatho-medullary and pituitary-adrenal discharge [5,8] 
and can prevent norepinephrine depletions induced by acute 
exposure to inescapable foot shock [12]. Furthermore, while 
acute exposure to either inescapable foot shock or 
hypothermic stress depletes hypothalamic noreplnephrine 
and eliminates the hyperphagic response to systemic 2-DG, 
chronic exposure to these two stressors produces the reverse 
effects [11]. Finally, lesions placed in the lateral hypothala- 
mus and zona incerta eliminate 2-DG hyperphagia [7,15]. 

That the hyperphagia effects induced by systemic 2-DG 
are not linked to glucoprivation is demonstrated by the find- 
ing that overeating occurs in the absence of glucoprivation if 
food deprivation occurs 6 hr following the 2-DG injection. 
Moreover, the time courses of hyperphagic and glucoprivic 
effects are not correlated since the former is diminished at 
the 2 hr peak of the latter [10]. Furthermore, while glucopri- 
vation is eliminated by glucose infusion, the hyperphagic 
response is reduced only when the glucose treatment pre- 
vents the onset of glucoprivation [9]. However, one of the 
most compelling arguments favoring central mediation of 
2-DG hyperphagia is the recent observation that 2-DG doses 
(3.5 and 5.0 rag), incapable of eliciting overeating following 
systemic injection, elicit hyperphagia following intraven- 
tricular (ICV) administration [6]. 

Systemic administration of 2-DG also induces dose- 

dependent and time-dependent increases In both operant and 
reflex pain thresholds, effects which are potentiated by con- 
current food deprivation [2]. Moreover, the analgesic, but 
not the hyperphagic, effects of systemic 2-DG develop 
tolerance with repeated injections [1] and cross-tolerance 
with both cold-water swim and morphine analgesia [14]. In 
addition, morphine and 2-DG analgesia exhibit synergy [3]. 
The analgesic effects of 2-DG appear to be mediated by spe- 
cific central nervous system processes since administration 
of either apomorphine, a dopamine receptor agonist, or cap- 
saicin, a Substance P antagonist, reduces 2-DG analgesia 
[3,4]. Since all of the above studies involved systemic admin- 
istration of 2-DG, a further important control to infer central 
nervous system mediation of 2-DG analgesia would be to 
determine whether ICV administration of 2-DG would in- 
duce analgesia at those doses that induced hyperphagia 

METHOD 

Male albino Sprague-Dawley rats weighing between 330 
and 420 g were anesthetized with Pentothal (50 mg/ml sterile 
water/kg body weight, IP) and stereotaxically (Kopf) im- 
planted with three stainless steel anchor screws and one 
stainless steel 22 gauge guide cannula aimed 0.3 mm above 
the left lateral ventricle With the inosor  bar set at +5 ram, 
lateral ventricle coordinates were 0.5 mm anterior to the 
bregma suture, 1.3 mm lateral to the sagittal suture, and 3.6 
mm from the top of the skull. Five days after surgery, the 
animals were tested for flinch-jump thresholds in which elec- 
tric shocks were delivered through a 30 cm by 24 cm flooi 
composed of 16 grids by a 60 Hz constant current shock 

Copyr igh t  ~ 1981 A N K H O  In te rna t iona l  Inc.--0091-3057/81/040579-03500.80/0 



580 B O D N A R ,  M E R R I G A N  A N D  W A L L A C E  

T A B L E  1 

ALTERATIONS IN JUMP AND FLINCH THRESHOLDS FOLLOWING INTRAVENTRICULAR (ICV) AND 
INTRAPERITONEAL (1P) INJECTIONS OF 2-DEOXY-D-GLUCOSE (2-DG) AS COMPARED TO BASELINE (BL) 

2-DG Dose  Time Course  Jump  Threshold  Fhnch  Threshold  r 
Route (mg/kg) n (mm) BL  2-DG BL 2-DG (Fhnch/Jump)  

ICV 3 5 11 30 Mean  0 429 0.490 0 152 0 167 +0 .76 t  
t 3 59t 1 04 

w e 0 52 0 01 
90 Mean  0 436 0 479 0.155 0 177 +0  26 

t 2 15" 1.54 
w e 0 25 0.11 

180 Mean  0 463 0.517 0 169 0 195 +0  48 
t 2 35* 1 61 

w 2 0.29 0 13 
5.0 11 30 Mean  0 429 0 489 0.152 0.192 +0 .82 t  

t 2 41" 2.50* 
w e 0 30 0 32 

90 Mean  0.436 0 503 0 155 0 180 +0  26 
t 2 16" 1 95 

w z 0.25 0 20 
180 Mean  0.463 0.502 0.169 0 203 +0  68* 

t 1.18 1 58 
w z 0.03 0 12 

10 0 7 30 Mean 0 435 0.486 0 157 0 176 +0  11 
t 2 32* 1 34 

w e 0 38 0 10 
90 Mean  0.454 0.476 0.152 0.179 +0  40 

t 1.16 2.01 
w z 0 05 0 30 

180 Mean 0 474 0 506 0.173 0.196 - 0 . 3 0  
t 2 46* 2 12 

w e 0.42 0.33 
350 0 8 30 Mean 0 406 0 715 0 165 0 300 +0  07 

t 7.54t  3.88t 
w 2 0 87 0 64 

90 Mean  0 399 0 595 0 156 0.270 +0  12 
t 4 26t 4.67t 

w ~ 0.68 0 72 
180 Mean 0 421 0.518 0 159 0.206 - 0  25 

t 5 l l t  2 60* 
w 2 0 76 0 42 

500.0 8 30 Mean  0 406 0.756 0 165 0.378 +0.73* 
t 4.86t  5 44t  

w"- 0 74 0 78 
90 Mean 0 399 0 624 0 156 0.288 +0  67* 

t 4 33t 4 51t 
w 2 0.69 0 71 

180 Mean  0 421 0.542 0 159 0 215 +0  81" 
t 3 67t 4 16t 

w 2 0 61 0.67 

ICV 

ICV 

IP 

IP 

*p<0  0 5 : t p < 0  01. 

g e n e r a t o r  a n d  a n  e l e c t r o m e c h a n i c a l  g r id  s c r a m b l e r .  U s i n g  a n  
a s c e n d i n g  m e t h o d  o f  l imi t s  o f  s u c c e s s i v e l y  m o r e  i n t e n s e  
s h o c k s ,  t h e  f l i n c h  t h r e s h o l d  w a s  d e f i n e d  in m A  a s  t h e  l o w e s t  
i n t e n s i t y  t h a t  e l i c i t ed  a w i t h d r a w a l  o f  a s ing le  p a w  f r o m  t h e  
g r i d s .  T h e  j u m p  t h r e s h o l d  w a s  d e f i n e d  a s  t h e  l o w e s t  o f  t w o  
c o n s e c u t i v e  i n t e n s i t i e s  t h a t  e l i c i t ed  s i m u l t a n e o u s  w i t h d r a w a l  
o f  b o t h  h i n d p a w s  f r o m  t h e  g r id s .  E a c h  t r ia l  b e g a n  w i t h  t h e  
a n i m a l  r e c e i v i n g  a 300 m s e c  f o o t  s h o c k  a t  a c u r r e n t  i n t e n s i t y  

o f  0.1 m A  S u b s e q u e n t  s h o c k s  o c c u r r e d  a t  10 s e c  i n t e r v a l s  
a n d  w e r e  i n c r e a s e d  in e q u a l  0 .05  m A  s t e p s  un t i l  e a c h  
n o c i c e p t i v e  t h r e s h o l d  w a s  d e t e r m i n e d .  A f t e r  e a c h  tr ial ,  t h e  
c u r r e n t  i n t e n s i t y  w a s  r e s e t  to  0.1 m A  fo r  t h e  n e x t  t n a l  un t i l  6 
t r ia ls  w e r e  c o m p l e t e d .  Daf fy  f l i nch  a n d  j u m p  t h r e s h o l d s ,  
c o m p u t e d  as  t h e  m e a n  o f  t h e s e  s ix  t r i a l s ,  w e r e  d e t e r m i n e d  
p o s t - o p e r a t i v e l y  o v e r  4 d a y s .  

R a t s  w e r e  t e s t e d  o n  a w e e k l y  s c h e d u l e  w h i c h  c o n s i s t e d  o f  
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paired placebo and experimental drug sessions with at least 
48 hr elapsing between sessions. In one group, animals re- 
ceived intraperitoneal injections in an incomplete counter- 
balanced fashion: (a) 350 mg/kg of 2-DG (300 mg/ml sterile 
water/kg body weight); (b) 500 mg/kg of 2-DG; and (c) vehi- 
cle (1.67 ml sterile water/kg body weight). In a second group, 
animals received ICV injections in an incomplete counter- 
balanced fashion: (a) 3.5 mg of 2-DG dissolved in 7 /zl of 
sterile water; (b) 5.0 mg of 2-DG dissolved m l0/zl of sterile 
water; and (c) 10/~l of sterile water. In a third group, half of 
the ammals received ICV injections of l0 mg of 2-DG dis- 
solved in 20 /zl of sterile water and 20/zl of sterile water 
alone, while the remainder received the reverse sequence. 
The ICV injections were infused at a rate of 1/zl every 15 sec 
through a stainless steel 28 gauge internal cannula which 
extended 0.5 mm ventral to the grade cannula. Flinch-jump 
thresholds were determined 30, 90 and 180 min after all in- 
jections. The experimenter conducting the flinch-jump tests 
was uninformed of the specific experimental conditions. 

After completion of the experiment, all animals were 
overdosed with pentothal and perfused through the heart 
with normal saline followed by 10% Formalin. Serial frozen 
40 tzm sections were taken around the cannula placement 
and were stained with luxol fast blue and cresyl violet. The 
cannula placement of each animal was determined by light 
microscopic examination of the sections by an observer un- 
reformed as to the behavioral results. 

RESULTS 

As summarized in Table 1, ICV administration of 2-DG 
induced significant increases in jump thresholds across the 
three chosen doses which persisted over the post-injection 
time course. These significant effects accounted for between 
25 and 52% of the variance. As expected, intraperitoneal 
injections of 2-DG produced significant time-dependent in- 
creases in jump thresholds which accounted for between 61 
and 87% of the variance. Flinch thresholds produced more 

inconsistent effects and only correlated consistently with 
jump thresholds following the 500 mg/kg dose of systemic 
2-DG. Finally, the cannulae of five additional animals im- 
pinged on structures dorsal or lateral to the ventricle. These 
animals displayed delayed increases in jump thresholds fol- 
lowing central injections: 3.5 mg/kg-93% of baseline at 30 
min, 107% at 90 mm, 116% at 180 min; 5.0 mg/kg-103% at 30 
min, 117% at 90 min, 116% at 180 min. 

DISCUSSION 

The present study supports the contention that the anal- 
gesic effects of 2-DG are mediated by central pain-inhibitory 
mechanisms since ICV administration of 2-DG at doses of 
3.5, 5.0 and 10.0 mg produce significant analgesia that per- 
sists for up to 3 hr. By contrast, while systemic 2-DG injec- 
tions at doses of 350, 500 and 700 mg/kg increase jump 
thresholds, the lower doses of 100 and 225 mg/kg adminis- 
tered systemically do not [2]. Furthermore, animals with 
cannulae near, but not within the lateral ventricle displayed 
delayed analgesic effects. Moreover, the more systematic 
increases occurred in the jump rather than the flinch 
thresholds suggesting that such changes occurred in reactiv- 
ity to the noxious properties of, rather than the detection of 
electrical stimuli. Although central administration of 2-DG at 
these low doses produced significant analgesia, the ac- 
counted variance of between 25 and 52% was less powerful 
than the accounted variance of between 61 and 87% for the 
systemic injections. This result parallels the smaller hyper- 
phagic responses induced by ICV 2-DG as compared to sys- 
temic 2-DG at 100-fold concentrations [6]. Taken together, 
however, while central sites of action do not account for the 
entire hyperphagic and analgesic effects of 2-DG, they do 
appear to be necessary for their occurrence [3, 4, 6, 7, 15]. 
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