Champuiy & Pethus | G4

: I - e - AL WESA AT AL uuylbtlvil uy

sercionergic neurotoxings in rais

Chamoney TH, Matthews RT. Pineal seroconin is resistant 1o depletion -
by serotonergic neurctoxins in rats. J. Pineal Res. 1991:11:163-167.
Y & st

Thomas H. Campnay and Rebart
7. Radtsiaws A

THIS MATERIAL MAY 5E PROTECIED BY COPYRILAT LA
AT
(TITLE 17 U S, CoDE; wiL

. Introduettr~

3,&niemytenédioxymcghamphctamine (MDMA) is
an amphetamine derjvative that exhibits both am-

- phetamine-like ‘and hallucinogen-like properties. .
Recent research into MDMA's effects on brain

neurochemistry in rats has determined that a’ sus-

tained depression in hippocampal, striatal, and

cortical serotonin (SHT) levels occurs after acute or

ChtOnic._MDA‘lA_édﬁyinigtmt_ior) [Ali et al., 1989;
Commins et al., 1987; Finnegan ét al., }988:.

Johnson et al., 1988; Mokler et al., 1987; Schmidt

et al., 1986]. These authors also reported that
MDMA was responsible for destroying SHT nerve
terminals- as_observed by ‘postmortem histologic .

examination [Commins et al., 1987, Schmidt et a!,,
1986]. The long-term neurotoxic effect of MDMA

.. may be due to the endogenous conversion of SHT to

- 3,6-dihydroxytryptamine that is taken up into the
. »HT neuron by the SHT reuptake ‘mechanism
[(Ricaurte ¢t a}., 1985; Schmidt et al.. 1986; Com-

_mins et al, 1987]. MDMA (10 mg/kg) also de- -
. pressed tryptophan hydroxylase activity, SHT lev- -
. ¢ls, and 'the levels of the SHT metabolite, -
- 5-hydr¢xyinddléacéti¢f'a,'cidl (SHIAA), in the striz- ~

" tum, hippocampus, and cortex 3 hr after a singie

. injection and 18 br after five injections {Stone et al.,-
. 1986}, These short-tarm effects may - also réquire .
- meurctoxin trahsport By thie neuronal SHT reuptaké -
. pump. Several investigators have bypothesized that
. MDMA has a similar mode of action as the SHT
newrotoxin, - p-chlorgamphetamine (pCA) [Stone

et al., 1986; Schmidt et al.. 1986},

The pineal gland contains large quantities of SHT

Abstract: Administration of 3.4-methy!enedioxymethamghetamine
(MDMA) or para-chloreamphetamine {pCA) 1o 2000 rats s neurntoxie
1o serotonin (SHT) nérve terminals and cell bodies. MDMA
reduces SHT levels in the frontal cortex, medial basal hypothalamus,
“and’ striatum acutely and 17 days after a series of muhtiple injections.
The acute reductions occur within 1-2 hr after injection of doses greater
than 3-mg/kg, A single injection of pCA reduces SHT levels in the }
“abave mentioned brain regions as well as in the brain stem. However,
none of these treatments are able to alter SHT levels in the pineal giand.
It appears that the pineal does not contain the SHT reuptake system that
is thought to be necessary for the neurotoxicity of MDMA and pCA. -

normal pineal function.
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| that serves as a precursor for melatonin synthesis
Jmay be utilized for other as yet undetermined

functions. Since MDMA is known to produce

~ neurotoxicity at SHT nerve términals, it is of

interest to determine if MDMA or pCA alters pineal
SHT and SHIAA levels, thereby com,.omising

P‘«“{atétrld'l's 'é_r_ld methads
Animals , :
All zi_ri_imals, used in these studies were drug naive

" adult’ male albino ‘vats (Rartus rértus) weighing

between 175-223 g and purchased from Harlan
Sprague Dawley, Houston, TX. They had food and

water available ad libitum. They were housed in . -
- standard capes (iwo per cage) in temperature-
. controlled (22 = 2°C) rooms and exposed to 12 hr
- of light and 12 hr of darkness (tights on at 0600). At
‘the termination of the described experiments, the
. rats were decapitated within 30 séc of theif removal
. from their home cage. The pitieal was removed and

immediately frozén on sofid CO,. Likewise, the -

 brain_was removed rapidly and tinsed in chilled
.saline. The medial basal Nypothafamus (MBH),

medial prefrontal cortex, striatum; and Brain stem

‘were removed on & chilled plare, weighed and
. frozen on solid CO; as described préviously [Mat-

thews et al., 1989]. The avefige wet weight of these

" tissues was 23 mg for the MBH. 61 mig for the

‘medial prefrontal cortex, 28 mg for. the striatum, -

o




R . .

Egttmenis

In the first expenmem 25 rats were injected with
racernic M{DMA (10 mg/kg, ip) and five rats were
injected with saline (0.95) between 1200 and 1420.
- The MDMA-ir‘ected rats were subdivided into five
grouns and kiscd 13 min, 30 min, 1 hr, 2 hr, or 6
hr after injection. The salme‘mjectcd rats wers
killed 90 min after injection. The tissues were
processed as described above, This experiment was
repeated and the results of both experiments were

‘coradined for a total of ten animals in both the

control and experimental groups. In the second
exp:nmcm. 30 rats were subdivided into five
groups and weére injected with saline or 1, 3, 10, or
30 mg/kg of MDMA (ip) between 1000 and 1300.
_All of thie rats were killed 2 hr after injection and the

. tissues wcrc collected as described. In the third

(;&(grmne nt, rats were injected with saline (sc),
MA (10'mg/kg, sc) or pCA (10 mg/kg, ip), with

‘four animals per treatment. The dose of MDMA -

was determined by the results of the previous
cxperiments as well as previous research by other
_ investigators [Stone et al., 1986}. The dose of pCA
is & well cstabhshed neurotoxic dose for SHT
neurons with _little or no long term effects on
. catochoranunergxc neurons [Sanders-Bush et al.,
1974}. The saline and MDMA-injected rats re-
‘ceived one injection every 12 hr for 4 days (eight
'mjecnons), while_the pCA-injected rats received
_only one injection. Seventeen days later, the rats

“were killed between 1500 and 1700 and the tissues.

collected. This experiment was repeated four times
for the saline and MDMA groups with the pCA
?mup included in the last three repetitions, There-
ore, there was a total of 16 safine-control rats,
16 MDMA«chcted rats, and 12 pCA- mjected
_rats. In all experiments, animals were kept in pairs
‘in their home cages at normal room temperature.

‘with no attempt 10 compensate for drug-mduced-

'hypenhermla

| .‘.__Mmomlne assays

. The pineal and braln samplcs were analyzed for_
- dopamine; 3; 4-d:?1ydroxyphenylacetlc acid, SHTF, .

‘and SHIAA content by high performance liquid

: chxomatogmphy with' electrochemical detection
[(:’sam;mey et ak., 1985 Matihews et af., 1989},
o dopammt and 3 4-dlhydroxyphenvlacenc acid ©
‘\;dafa have been réported previously [Matthews.

L etak, 1989Y, Just prior tg assay, each area was
? _"'somcated ina preestabl:shcd volume of 0.16 N.
“perchloric acid containing epmme (100 ng/ml)asan -
_ internal standard. The samples were centrifuged (2 .

‘min at 13 OOOg) and the amines were separated by

'_ mh‘fmg (he supémntant of the cenmfugcd bram,
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homogenatc onto a reversed phase C-1% columr.
After elution of the amines by a filtered and
degassad cnoap “ate buffered mobile phe.v (0.9465
£ Na,HPOQ,: 2.8 g citric acid: 18.6 mg EDTA: 20
mg sodivm oa*yl aullate in 530 ml double distilled
H,0 with 100 mi raethanol), they were quantified
by electrochemisity using a glassy carbon electrode
a neteatial of +C.62V., The column was heated to
35°C and the flow rate of the mobile phase was

approximately 0.3 mi/min. Sampfe peak heights .

were compared (¢ €xtracted standard peak heights,

which were procsssed in the same manner. The
interral standard was utilized to accommodate for -

changes in extraction efficiency and detector sensi-

tivity, Unextracted standards were also used to -

rectify any differential loss in amines durmg extrac-
tion. Sample values were éxpressed as amine con-

.tent (usually in ‘nanograms) per g' wet weight of
brain tissue or ng/pineal. The least detectable con-

centration of the amines was below 50 pg/simple.
The interassay variability was less than 5% {or each
compound.

Statistics.
The data were analyzed by one way analysis: of

" variaiice” with slgmficam differences between
groups determined by the Student Ncwman-l(euls. ‘

test wnh a homogenous “N“

Results

The time coursc expenmem mdlcates that the first

significant (P < 0.05) dectine in SHT after MDMA
_freatment occurred approxiuately 1 hr postinjection -
in the frontal cortex and MBH (Table 1). A decline

in striatal SHT occurred 2 hr  after injection
(P < 0.01) with-a shght but sxgmﬁcant increase

- observed 15 min after injection (P < 0.05) (Tablc

1). The SHT levels in these three afcas ‘were
retirning o control values by 6 hr after injection
(Table ). Levels of 57"

MBH, and striatim were depressed (P < 0.05)
by an acute dose of lO mg/kg MDMA or g[eater

~ (Table 2). ,
. Multiple mjcc(:onﬁ of MDMA or a smgle imec- ‘
tion of pCA reduced (F < 0.01) SHT fevels in the
" frontal cortex, MBH, o striatum seventeen _days -
 after the last injection (Fig. 1}. Asm lc mjectxon of
pCA also reduced 5HT levels in the brain stem

(P < 0,001), but was mcfft;ctwc in the pmeal (Fig.

" 1). Multiple injections of MDMA did not alter SHT

,,,,,,,

levels in tﬁe bmn stem or tl‘\e pmeal (Plg l)

bram stem and the
pineal were unaffected by an acute injection of up to

30 mg/kg MDMA overa 6 hr umc course (Tables I
and 2). However, SHT levels in the frontal Gortex, -
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TABLE 1. Time course effects of 3, 4-methyienedioxymethamphetamine (M2MA, 42 mgkg) e brain and pines! sarg’onin
leveis (ng/g cr ng/pingal).d :

MInutaes ziter MOVA

Brain region Saline 15 39 A 120 260
Frontal cortex  S092 47 640 + 82 538 + 69 321% + 39 1387 4 19 219 4 1
mg};‘ , I 62 673+ 77 1043 + 72 48+ 85 440° iag
Striatum €04 + 61 81+ 7 £97 4 56 507 + 54 286° + 29 %3: + 48
_ Brain stem W x 42 934 + 56 900 + £3 7713 +30 642 & 48 C, 753+ 50
Pinealt A 13 205+ 28 210 + 18 227+ 23 27 +25 S 198+ 19
!Male rats were injected with MOMA and killed 15, 30, £0, 120, or 360 min later, or infected with saling and killed 90 min fater,

Valigs are means + slandard errors with fen rats per group. L _ . o
bP<0.05 vs. saiine; <£< 0.01 vs. saline; ¢P< 0.061 vs. saiine: *MBH = medial basal hypothatamus; "rg/pineal.

o Stratum o

The SHIAA levels declined in parallel with
the declines in SHT observed in the brain regions

 after MDMA or pCA treatment, although a slight
' time lag between the two compounds was present
- (data not presented). In the pineal, a slight, but
significant (P < 0.05) decline in SHIAA levels was
found 15 min, 30 min, 1 hr, and 2 hr after 10 mg/kg
MDMA (saline; 17.45 * 1.44 ng/pineal; MDMA-15
© min:12.93 % 1.77; MDMA-30 min: 12.08 + 0.84;

- MDMA-1hr: 10.74 + 0.88; MDMA-2 hr: 10.95 =
1.14). Likewise, a 30 mg/kg injection of MDMA
reduced pincal SHIAA levels 2 hr later (P < 0.05)
(saline: 21,75 * 4.45 ng/pineal; MDMA-30 mg/kg:

1108 = 1.81). Multiple injections of MDMA or a

_single injection of pCA did not alter pi neal ‘SﬂlAA

. levels (data not'presented). ..

Dissyssion |

These data are consistent with previous reports that
indicate that acute MDMA reduces SHT levels in
brain regions rich in SHY nerve terminals (frontal
cortex, MBH, striatum), while being léss effective
in brain regions containing SHT cell bodies and
nerve ferminals (brain stem) [O'Hearn et al., 1988;

Ricaurte et al., 1988a,b; Wilson et al., 1989). In
- addition, the present results indicate that the pineal
"is resistant fo the “acute depletion of SHT by

TABLE 2. 0035?'{.‘(30@5@"@_&6(:(5' ot 3, Q%mgthy‘;énedibem'efhé'hiphetaminé (MDMA} onbrainandplnea%sernmnin 'lléy_g(x o

B (ng/q or nqlplneali

MDMA. Both the brain stem and the pineal are also
spared the chronic neurotoxic effects of MDMA.
Likewise, the more potent SHT neurotoxin pCA is -

. unable to alter SHT levels in the pineal, although
SHT is significantly reduced in all other brain
~ regions examined. o

It is interesting to note that pinealocytes ¢ontain

some of the highest toncentrations of SHT per cell-

[King and Steinlechner, 1985], yet do not respond
to SHT neu.vioxins like central SHT neiirons
(present results). The most likely differénce be-

tween SHT neurons and pinealocytes that could

- account for our findings is the lack of SHT nerve

terminals and their associated SHT rcuptake mech-

-, anism within the pineal. Blockade of SHT reuptake
 Kas been shown to prevent both acute and chronic
. effects of MDMA on SHT neurons [Schmidt and
~ Taylor. 1990]. Alternatively, MDMA may inhibit

neuronal SHT synthesis, but hot pinealocyte SHT
synthesis. MDMA has been shown to be an effec-
tive tryptophau: hydroxylase inhibitor in several -

 brain areas (Stone et at., 1986; 1987; Johnson'et al.,
 1989]. The effect of MDMA on this énzyme in the
~ pincal has ‘not been tested but numerous studies

have shown that production of SHT in | “sealocytes

" is identical to synthesis pathiways in SHT nieurons
 [King and Steinlechner, 1985}. Therefore, the fack

of a SHT reuptake mechanism in pinealocytes may

. MDAmakg

&rg&alcorfexmizs S iy 168 % 12 162113

o1gsrde
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sfamy-- 24 6514 R ;- ) .
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- "Maferats were injected wit saling or asingle dosage of MOMA and killed2 b later. Yaluss are means + standard ertors with six
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Fig. 1. Chmmc eﬂ’ecu of 3 tmcthylemdloxymcthamphct-
“amine (MDMA) or parachloroamphetamine (pCA) on brain and
pineal serotonin levels, Male rats were injected with saline or
MDA twice daily for 4 days or received a single i injection of
'pC:i. weveuteen days after the last injection, brain regions and

" pineals were collected. Valucs are means * standard errors’
with 16 rats in the saline and MDMA groups and 12 rats in the -

PCA group. Serotonin values for the saline controls are: 1256
ng/g in the frouts) cortex, 960 ng/g in the medial basal
hypothalamus (MBH). 723 ng/g in the striatum, 2419 ng/g in
the brain stem, and 215 ng/pincal in the pineal gland.

 protect uyp'mphan hydroxylase from inhibition by
. MDMA. Other possible differences between SHT

_neurons and pinealocytes, such as storage mecha-

‘nisms of SHT, SHT catabolism, or MDMA metab-

olism, may also account for our data. Regardless_'
of the mechanism involved, our data suggest that

" SHT neurotoxing such as MDMA. and pCA

‘do. not compromasc semlomn-dependent pineal -

biochemistry...

Other mvesngators have reccmly found that
'depletton of ¢irculating uyptophan levels reduces
brain tryptophan and SHT content, hut does not alter .

" pineal SHT or melatonin levels [Daya et al., 1989].
These results suggest, that pineal SHT lcve!s are
conserved during treatments that affect other SHT
systcms. and indirectly suppon our present fi nd-

ings. The pineal appears to be insensitive to many: -
treatmems that reduce central SHT Ievels This -

'_systcn is tightly regulated anc. or protec'ed How-
_ever, it shouid be emphasnzed that in our study the ;.

I ined . N
effects of MDMA and pCA were only examined  Joinson, M., G.R, Hanson, J.W. Gibs (1989) Effect of

. during the daytime_when pineal SHT levels are

. increased. Abo, pineal melatonin levels were not-
" determined. The ability of these neurotoxins fo alter -
- the diurnal rhythm o pmea! SHT and melatonin’
" should be mves:{ga(eé :
* - . _Finally, it 1s worthy to note that MDMA acmely'-_ :
' and revembly decreased pineal S5HIAA levels,

suggesm‘g thal MDMA may acutely decrease SHT

" Phafmacol. 165:315-318.;

ylll\v‘ll- 111 Wi }Iﬂal, 1 uad ol ll’wtl]cb[[,cu LV1FLN
SHT from pinealocytes is metabolized in the no.-
adrenergic nerve terminals surrounding the pineal-
ocytes {King and Sizinlechner, 1985}). Qur data
wouid indirectly support this hypothesic in that
MDMA may inhibit SHT uptake into norepineph-
rine terminals resulting in reduced production of
SHIAA without changing pineal SHT levels. Others
have shown that MDMA blocks reuptake of SHT .
and DA into neurons [Schmidt and Taylor, 1999;
Schmidt et al., 1991].

In conclusxon, MDMA is unable to alter SHT

levels in the pineal even though it has neurotoxic

cffccts on SHT nerve terminals in the central
nervous system. Likewise, pinecal SHT levels are

_ not modified by pCA administration, which reduces
SHT levels in all other brain’ regions examined. The

pinealocyteé appears to be resistant to the effects of

these toxins due 10 its lack of a SHT reuptake
mcchamsm ,
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