
4 A DzDnRT DOCUMENTATION PAGE OMB No. 0704-01,AD-A285 277 W o
ce of Man.69me alnd I Uo94". PsoetvwoWl 40%%o Project |0 704,.0 164). Weffun,',oft. DC 20SO I

D OATE 3. REPORT TYPE AND DATES COVERED

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Regional changes in c-fos mRNA in rat brain after i.v.
or i.c.v. NMDA injections.

6. AUTHOR(S)

Jitendra R. Dave and Frank C. Tortella

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

Walter Reed Army Institute of Research
Washington, DC 20307-5100

9. SPONSORING, MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/ MONITORING
S- 4 ,W ,ORT NUMBER

US Army Medical Research and Development Command f 1 %4,
Ft. Deitrick, Frederick, MD 21702-5012 i"LE(CTE"

11. SUPPLEMENTARY NOTES 
A 10

12a. DISTRIBUTIONI AVAILABILITY STATEMENT 12b. DISTRIBUIYTTDN DE

APPROVED FOR PUBLIC RELEASE
DISTRIBUTION UNLIMITED

DIMC QUALM! ~C~

tACT (Maximum 200 wordS)

These studies were undertaken to determine if convulsant doses of

i.c.v. versus i.v. administered NMDA exhibits differential

specificity for anatomical regions of +he brain in stimulating c-
oo fos. In rats i.c.v. or i.v. NMDA produced behaviorally similar

clonic (popcorn) convulsions associated with transient increases in
(D•• c-fos mRNA in different brain areas. Transcription of c-fos mRNA

peaked at 30 min posttreatment regardless of the route of
administration. However, the route of administration clearly
influenced the anatomical specificity of the NMDA-induced c-fos
mRNA changes. For example, following i.c.v. administration maximal
stimulation in c-fos mRNA was measured in the cerebellum. In
contrast, i.v. NMDA produced maximal c-fos mRNA stimulation in the
cerebral cortex. Our results demonstrate that NMDA has
differential anatomical specificity for molecular signalling in rat
brain and suggest that the route of NMDA administration may
influence its pathophysiological response.

14. SUBJECT TERMS 15. NUMBER OF PAGES

NHDA Receptors, c-fos mRNA, brain regions,

convulsions, route of administration 16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

NSN 7540-01-280-5500 Stanoara ;orm 298 .;ev. 2-89)
=..'ý-cr'oeo b% .zNSl ito ,9-19



Molecular Neuroscience neurovIjeport

NeuroRcport 5, 1645-1648 (1994)

THSE studies were undertaken to determine if convulsant R
doses of i.c.v. vs i.v. administered NMDA exhibit differen- Regiona changes in c-fos
tial specificity for anatomical regions of the brain in stim- R A in brain
ulating c-fos. In rats i.c.v. or i.v. NMDA produced RNA n rat after i.
behaviorally similar clonic (popcorn) convulsions associ-
ated with transient increases in c-fos mRNA in different or icv. NM DA injections
brain areas. Transcription of c-fos mRNA peaked at 30
min post-treatment regardless of the route of adminis- Jitendra R. DavecA and Frank C. Tortella
tration. However, the route of administration clearly
influenced the anatomical specificity of the NMDA- Department of Medical Neurosciences,
induced c-fos mRNA changes. For example, following
i.c.v. administration maximal stimulation in c-fos mRNA Neuropharmacology Branch, Walter Reed Army
was measured in the cerebellum. In contrast, i.v. NMDA Institute of Research, WRAMC, Bldg 40,
produced maximal c-fos mRNA stimulation in the cer- Washington, DC 20307-5100, USA
ebral cortex. Our results demonstrate that NMDA has
differential anatomical specificity for molecular signaling
in rat brain and suggest that the route of NMDA adminis-
tration may influence its pathophysiological response.
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Introduction exposure were housed individually under controlled
environmental and lighting (12 h light/dark cycle) con-

In neuronal cells, activation of the prototypic ditions for at least one week, with food and water avail-
immediate early gene c-fos has been reported following able ad libitum, before being used in experiments.
NMDA/glutamate receptor activation and depolariza-
tion.' 2 These and other observations have led to the Drug administration: Rats were randomly divided into
hypothesis that the c-fos oncogene product may be control or experimental groups. Three to five days be-
involved in the cellular changes responsible for the fore the experiment, rats were anesthetized with Keta-
long term adaptation in the central nervous system. mine (70 mg kg-1, bw; Parke-Davis, Morris Plains, NJ)
Studies from this laboratory have recently demon- and Rompum (6 mg kg', bw; Mobay Corp., Shawnee,
strated that similar to parenteral (i.e.i.v.) adminis- KS) and surgically implanted with an i.c.v. cannula
tration, centrally (i.e. i.c.v.) administered NMDA aimed at the right lateral ventricle and an i.v. external
produced severe clonic (popcorn) convulsions in rats? jugular vein catheter.s.6 Control animals received either
However, unlike i.v. NMDA administration,, i.c.v, an i.v. (1 ml kg-', bw) or i.c.v. (5 Ml) injection of saline
NMDA was not lethal and exhibited a unique sensi- and experimental animals received NMDA (12.5 nM,
tivity to various NMDA antagonists. Therefore, using i c. or 100mg kg-', i.v.) and were sacrificed 15, 30, 60
rat brain c-fos mRNA expression the present studies or 100 m g kg- I a

were undertaken to determine whether the route of or 120 min later. In additional experiments animals" admiwerenistratakn todifferent influenhet the pattern of were treated as follows: vehicle only, or i.c.v. NMDA
administration differentially influences the pattern of only, or i.c.v. NMDA + 1.9 jg, i.c.v. (+)MK-801; or i.v.
regional brain responsiveness to NMDA, thereby pro- NMDA only, or i.v. NMDA + 0.4 mg kg-', i.v.
viding a molecular tool to assess subsequent experi- (+)MK-801. All animals were sacrificed 30 min later. In
mental (i.e. pathophysiological and pharmacological) this series of studies (+)MK-801 was administered i.c.v.
responses. 15 min prior to, or i.v. 5 min prior to, NMDA.

Materials and Methods Chemicals: NMDA and (+)MK-801 were purchased

Animals: Adult male Sprague-Dawley rats (Charles from Research Biochemicals Inc. (Natick, MA). All
r or seizure other chemicals were of analytical grade and were pur-River; 200-250 g) naive to previous drug ochased from Sigma Chemical Co. (St Louis, MO).

Research was conducted in compliance with the Animal Welfare Act, Tissue preparation and Northern blot analysis: Rats
and other Federal statutes and regulation relating to animals and were sacrificed by decapitation, the brains quickly
experiments involving animals and adheres to the principles stated in removed and the cerebral cortex, cerebellum and hip-
the Guide for the Care and Use of Laboratory Animals, NIH publi-
cation 85-23. The views of the authors do not purport to reflect the pocampus were dissected out, frozen on dry ice, and
position of the Department of the Army or the Department of stored at -70'C until further use. Total RNA was
Defense (para 4-3), AR 360-5. extracted using modifications' of a method described
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by Cathala., The Northern blots were generated and
the amounts of c-fios mRNA were determined as
described earlier.' Cerebellum

6 • Cortex
Resltsz s5 Hippocampus

Results cc H~O~flUE 4F
As previously reported,' these doses of i.c.v. and i.v. +

NMDA consistently produced clonic (popcorn) con- 3 +
S+

vulsions in rats. l.c.v. injectionsof 12.5 nM NM)DA re- 2 2 *
suited in popcorn convulsions in 33 of 40 rats tested, -
while all rats (n = 52) exhibited popcorn convulsions ""
following i.v. NMDA administration. Only those ani- C N N+M N N+M N N+M
mals exhibiting convulsions and surviving i.v. NMDA
(64%) were included in the study.

Regardless of the route of administration, NMDA FIG. 2. Effects of 15 min pre-treatment with i.c.v. (+)MK-801 on c-fos
significantly induced c-fos mRNA in a time-dependent mRNA 30 min after an i.c.v. NMDA injection. Values are the same as
manner. However, the regional specificity of the c-fos defined above for Figure 1. C = controls; N = NMDA administered

e Hgroup; N + M = NMDA and (+IMK-801 administered group. This figure
activation was different depending upon the route of shows data from a representative experiment and was repeated twice

NMDA administration. The time course for changes in with similar patterns of change. *p 0 0.05, at least, compared with con-
trols (Student's t-test). +p- 0.05, at least, compared with NMDA alone.c-fos nsRNA levels following i.c.v. NMDA adminis-

tration is shown in Figure 1. Following i.c.v. adminis-
tration of NMDA (Fig. IA) the levels of c-fos mRNA near control values by 60-120 min post-injection. The
in cerebellum were increased at 15 min, reached a cerebral cortex exhibited a similar pattern of changes in
maximal level at 30 min and dramatically declined to c-fos mRNA levels. In contrast, c-fos mRNA in the

hippocampus was only marginally (albeit not signifi-
cantly) increased compared with control levels. Quan-
titative comparisons at 30 min after i.c.v. NMDA

• Cerebellum administration reveal a maximal increase in c-fos

6 Cortex mRNA of approximately 5-8 fold in the cerebellum,

s Hppocampus followed by a 2-3 fold increase in the cerebral cortex
cc while changes in the hippocampus were not significant.

E 4
* Figure IlB shows the time course for changes in c-fos

".• 2 * mRNA levels following i.v. NMDA administration.
S2 The levels of c-Jos mRNA in the cerebral cortex wereZ* i increased 15 min after NMDA administration, reached

a maximal level 30 min after NMDA treatment and
T Is 3m 6A AA0 gradually declined to near control values within 120TIME (min) AFTER I.C.V1. NMDA ADMINISTRATION min. Here, the hippocampus exhibited a similar tem-

poral pattern of changes in c-fos mRNA levels. In con-
trast to i.c.v. NMDA, c-fos mRNA in the cerebellum

E Crbwas not significantly increased regardless of the time
*Certexlu measured after I v. NMDA. Similar to i.c.v. NMIDA

-Cr6 tCoex the maximal increase in c-fos mRNA was measured 30
s U min after NMDA administration regardless of the

E4 , brain region studied. While the magnitude of the i.v.
3 NNMDA-induced c-fos was similar to i.c.v. NMDA, the

pattern of change produced by i.v. NMDA was dif-
ferent. Approximately a 4-6 fold increase was observed

cc Jin the cerebral cortex, followed by a 2-3 fold increase in
0 15 30 60 120 the hippocampus while changes in the cerebellum were

TIME (min) AFTER I.V. NMDA ADMINISTRATION not significantly different from the control.
Administration of i.c.v. (1.9 jig) or i.v. (0.4 mg kg')

FIG. 1. Tima course of changes in regional brain levels of c-fos mRNA in anticonvulsant doses of (+)M K-801 alone produced no
rats treated with i.c.v. NMDA (A) or i.v. NMDA (B). Values (mean t stan- significant changes in c-fos mRNA levels in either cer-
dard deviation; n = 3) from control rats were set at 1 and values at dif- ebellum, hippocampus or cerebral cortex (data not
ferent post-injection time intervals represent relative increases in c-fos
mRNA over control values. This figure shows data from a representa- shown). However, when administered prior to i.c.v.
tive experiment and was repeated with similar patterns of change. NMDA or i.v. NMDA treatment, c-fos mRNA induc-
*p< 0.05, at least, compared with controls (one factor AN OVA, Scheffe
F-test). tion in these brain areas was significantly blocked by

1646 Vol 5 No 13 15 August 1994
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N MDA treatment in rats. For example, it was recently
demonstrated that maximal electroshock convulsions

6 Cereblum in rats increased c-ftos mRNA maxinmall Yin the cerebel-
* Cortex lum followed by the hippocanlpus and cerebral cortex.

SHipý, IuS However, in other studies, such as ethanol withdrawal-
S4 induced seizures in mice,' clectroconvulsive shock in
C mirntce,12 and by pentylenetetrazol,' kainic acid'" or

- kindling'" in rats a different regional pattern of c-fios
. 2 mRNA, characterized by maximal expression in the

hippocampus followed by the cerebral cortex and cer-
ebellum, was measured. On the other hand, only a few

C N N+M N N+M N N+M studies have documented the activation of c-fos gene in
brain following NMDA-induced seizures. In a recent

FIG. 3. Effectsof 5 min pre-treatmentwith i.v. (+)MK-801 on c-fos mRNA in situ hybridization study, peripherally administered
30 rmin after an i.v. NMVDA injection. Values are the same as defined M Aicesd-f mN inteetaegr o

aboveforFigurel.C=controls;N=NMDAadministeredgroup;N+M= the hippocampus and piriform cortex and, similar to
NMDA and (+IMK-801 administered group. This figure shows data
from a representative experiment and was repeated twice with similar our results, did not produce significant changes in c-/os
patterns of change. -p <0.05, at least, compared with controls (Stu- mRNA in the cerebellum.' In the present study we
dent's t-estl. +p < 0.05, at least, compared with NMVDA alone.RN report -. ctively different pattern of c-fos mRNA

expr. . -h is dependent upon the route of
NMD,-,A a ,.istration and where maximal increases

i.c.v, or i.v. (+)MK-801, respectively (Figs 2 and 3). The in c-fos mklxA v, -re expressed in either the cerebellum
greatest effect of i.c.v. (+)MK-801 on c-/os mRNA (Fig, or the cerebral cortex.
2) was observed in cerebellum where (+)MK-801 pre- The pathophysiolog;cal importance of c-/os
treatment resulted in approximately a 70% decrease in expression to epileptogenec-is remains unclear, as does
NMDA-induced c-/os mRNA. In the cerebral cortex its possible role in the seizure protectivt, mechanisms
c-fos mRNA was decreased only 40% by i.c.v, of anticonvulsant drugs: Moreover, the fu-,ctional
(+)MK-801 pretreatment while no significant effects consequences of abnormal c-fos expressiorn to other
were measured in the hippocampus. The greatest effect neurophysiological conditions reflective of r .",ronal
of i.v. (+)MK-801 on c-/os mRNA (Fig. 3) was hyperexcitability and/or neurotoxicity awats ad-
observed in cerebral cortex where pretreatment with vanced investigations. However, recent in 'vitro studies
(+)MK-801 resulted in a 60% decrease in NMDA- from our laboratory showing that neuroorotection
induced c-/os mRNA. However, i.v. (+)MK-801 had from gl'ntamate toxicity can be achieved with c-JQb ant:-
no significant effect on either cerebellar or hippocam- sense oligonucleotide have established a seminal role
pal c-/os mRNA changes produced by i.v. NMDA. for the c-/os proto-oncogene as a critical signaling

messenger mediating NMDA/glutamate receptor neu-

Discussion ronotoxicity.1x Since NMDA-induced transcription of
c-fos mRNA appears to be a calcium requiring mech-

The present study demonstrates that, similar to in anism,"M expression of the nuclear c-/os gene may rep-
vitro findings,'"a activation of the NMDA/glutamate resent a tertiary signaling mechanism linked to the
receptor complex in vivo in rats is associated with an pathological consequences of neuronal hyper-
increase in the expression of the proto-oncogene c-fos. excitability.
Regardless of the specific brain region studied or route While the precise mechanism(s) involved in this
of NMDA administration, the time-course analysis phenomenon remain to be elucidated, the observation
demonstrated that time to peak effect was 30 min post in these studies of the lack of responsiveness of hippo-
NMDA administration. The regional specificity in campal c-fos mRNA to i.c.v. NMDA was surprising in
c-fos mRNA expression was dependent upon the route view of the relative importance of this neocortical
of NMDA administration. Following i.c.v. NMDA structure in mechanisms of seizure generation and con-
injections, the greatest increase in c-/os mRNA was trol.21 Furthermore, although both routes of NMDA
measured in the cerebellum. In contrast, following i.v. administration produce nearly identical behavioral
NMDA administration the greatest increase was mea- convulsions in rats, the present results confirm our
sured in the cer,bral cortex. Pretreatment with the earlier observation showing that only parenteral
non-competitive NMDA antagonist (+)MK- 801 sig- NMDA is lethal., The lower incidence in lethality
nificantly attenuated the NMDA-induced increase in observed in this study may relate to differences in ani-
c-/os mRNA levels in these brain areas. mal supplier (Charles River in the present study vs

The pattern of change in c-/os mRNA following Zivic Miller in the earlier study'). While the physiolog-
non-NMDA seizures has been shown to be different ical cause of NMDA-induced lethality in these rod cnts
from that observed in the present study following has not been identihed, our own observations indicate
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that the animals become severely apneic shortly fol- pathological implications for understanding the miob
lowing the convulsion, usually dying within 5-10 min ecular mechanism(s) of NMDA-related CNS dvsfunc-
of the i.v. NMDA injection. While the results of the tnon and the related development of improved
present study may fail to implicate a critical role for the treatment strategies.
hippocampus in NMDA convulsions, they appear to
suggest that the immediate transcription of c-/os onco- References
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