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Desipramine and fluoxetine antagonized 5, 7-dihydroxytryp-
tamine-induced lesion on rat hippocampal and cortical neurons
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ABSTRACT

ATM. To assess the protective effect of desipramine
{Des) and fluoxetine ( Flu) on the neurons against the
lesion induced by a selective serotonergic peurotoxin i
viro. METHODS: The 10-day culmmwed primary
peurons of hippocampus and cortex of rat was exposed
to 5, 7-dihydroxytryptamine (5.7-DHT) to determine
the optimal lesion concentration and duration. Before
exposing to 5, 7-DHT. Des and Flu was added to the
medium for 30 min to observe the protective effects.
RESULTS; The optitnal concentration and duration for
5, 7-DHT was 600 pmol-L~" and 4 h, respectively.
Both Des and Flu showed a protective effect in the dose
range of 0.8 pmol - L7 to 10 umol - L~1 and 0.04
pgmol*L™" t0 0.6 umol-L™', respectively, when the
neurons were injured by 5, 7-DHT 600 umol-L ™" for 4
h. Flu showed a higher efficacy than Des. Both
exhibited a more powerful protective effect on the
hippocarnpal neuron than on the cortical neuron.
CONCLUSION: The antidepressant effect of Des and
Flu was aftributed to their protective effect on the
injured serotonergic neuron of the hippocampus and the
cortex .

INTRODUCTION

The dysfunction of the central serotonergic {5-HT)
systems was implicated in the pathophysiology o'f many
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neuropsychiatric  disorders including depression and
anxiety'”) . The predominant theory was that a lack of
sufficient  serotopergic  activity  contributed o
depression. This notion came about with the awareness
that many antidepressant medications were effective
blockers of either the enzymatic oxidation or the
reuptake of serotonin'® .  The hypothesis also appeared
to be consistent with the evidence that depression was
often associated with decreased levels of the metabolites
of 5HT in the cerebrospinal fluid®. However,
reports upon effects of antidepressants on densities and
mRNA level of 5-HT receptor were not always
consistent.  The exact mechanism of depression and
antidepressants, therefore, was awaited to be further
studied. 5,7-DHT, a selective peurctoxin of 5-HT
neuron, induced a hyposerotonergic activity by
combined with the upteke site of 5-HT and/or disturbed
the combination of 5-HT with a serotonin binding
protein { SBP) to exbaust the 5-HT of synapse® . The
serotonergic activity change induced by 5. 7-DHT was
similar to that of depression. It had been demonstrated
that 5, 7-DHT was useful in assessing the physiological
function of 5HT in the hippocampus in vivo'), but
there were few stidies on evaluating the serotonergic
function in vitro. Our research focused on the
establishment of a model in vitro for assessing the
scrotopergic function, and the protective effect of
antidepressants on injured serotbmergic peuroms, @0
provide screening means for antidepressants and
evidences for exploring the action mechanism.

MATERIALS AND METHODS

Rats Neonata] Wistar rats (0-1 d, Grade [ .
Certificate Ne 01-3039 from Beijing Supervising
Committee for Medical Experimental Animals} were
supplied by the Experimental Animal Center, Academy
of Military Medical Sciences.
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Drugs 5. 7-Dihydroxytryptamine (5, 7-DHT,
Sigma), desipramine hydrochloride { Des, Sigma),
fluoxetine hydrochloride ( Flu. Sigma) .

Preparation of the cultured neurons
Primary neuronal cultures were generated essentially as
described by Weiss er of'®) with some modification.
Briefly. cortical and hippocampal structures were
removed from neonatal Wistar rats (0-1d),
enzymatic digestion (0.125 % trypsin) at 37 C for 30
min. and mechanically dissociated with a fire-narrowed
Pasteur pipette, and plated (1 x 10° cells-L"!} in 96-
well Costar culture dishes previously coated with 7.-
poly-lysine (0.1 %, M, =150 - 300, Sigma). The
plated medium was the mixture of Dulbecco’ s modified
Eagle’ s medium ( DMEM. high glucose). glutamine
100 mg- L-!, 10 % heat-inactived horse serum and
fetal bovine serum. respectively. After 24 h. cells
were seeded in the maintenance medium, which was the
mixture of DMEM (high glucose}, glutamine 100 mg-
L-', 1 % heat-inactived horse seim and 1 % N,
nutrient that included insulin 10 mg+ L~!, transfemrin
200 mg* L~!, progesterone 40 nmol *L"!, putrescine
200 pmol* L', hydrocortisone 10 mg-L~*, 3,3.5'-
triiodo-thyronine 20 mg+ L', selenium salt 6 nmol -
L~! and bovine serum albumin (BSA) (0.001 %} (all
from Sigma). The culture medium was half-refreshed
twice a week until 10 d { refreshing for three times) .

Determination of optimal lesion concentra-
tion of 5,7-DHT and lesion duration Previously
cultured cortical and hippocampal neurons were exposed
to noted concentrations of 5, 7-DHT for various
durations. The injured neurons were recovered in the
maintenance medium for two days. Prior to the
measurement, cultures were incubated in the serum-free
DMEM media for 1 d. According to Tada er all®
method of measuring the cell vitality, after 4 h the
cultures exposed to 3-(4, 5-dimethylthiazol-2-y1)-2, 5
di-phenyltetrazoliom ( MTT ) 0.42 g - L™', the
supernatant was removed thoroughly . and 10 % sodium
dodecyl sulfate-0.01 mol-L~! HCl { SDS) was added
to break the cells and solve the MTT derivatives for 16
h in CQ, incubator. With two-wavelengths (570 nm
and 630 nm), the absorption values of each well were
determined by Multiskan MCC/340 MK I .

Protective effect of antidepressants on the
injured neurons  After 30 min the 10-day-cultured
neurons exposed to noted concentrations of Des and

Flu. 5. 7-DHT 600 pmol - L~! was added to the
medium to lesion for 4 h. the rest procedure was the
same as above.

Data analysis All results were subjected to
group ¢ lest lo detenmine whether processed group data
were significantly different from the lesion control and/
or the vehicle control ( P <0.05).

RESULTS

Morphological observations The initial
manifestation of 5. 7-DHT-induced lesion of neurons
were membrane wrinkling, and withering of the cell
bodies into dots and of the dendrites and axons into thin
threads with the duration lasted longer. Part of the
cells broke away from the culture wall. The cell
bodies of the vehicle control and the protected neurons
were big and full with more and stronger dendrites and
axons, which demonstrated a more sterecscopic image.

Optimal lesion concentration and duration
Absorption values were the vitality index of the neurons
injured by 5, 7-DHT ( Tab 1). Combined with
morphological observation, the lesion concentration and
duration were selected as 600 pmol - L~! and 4 h,
respectively.

Protective effect of antidepressants The
absorption values of the newon protected by
antidepressants from 5, 7-DHT lesion were shown in
Tab 2. Both Des and Flu had significant protective
effects on the injured peurons ( # < 0.01), but Fu
possessed a higher efficacy than Des. A more
powerful protective effect on the hippocampal neuron
was exhibited .

DISCUSSION

5.7-DHT selectively destroyed serotonergic neu-
rons following various routes of administration'® . It
rapidly accurnulated in target neurons and inhibited the
reuptake of 5-HT . indicating that the selectivity of 5,7-
DHT was based on the activity of high-affinity
processes located on serotonergic neurons. Baumgar-
ten’™ reported that the affinity of 5. 7-DHT for 5-HT
and norepinephrine ( NE) uptake differed by a factor of
about 16. The difference in the affinity of the two
transport systems was sufficiently large to explain why
central 5>-HT neurons were always more profoundly
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Lesion effect of various concentrations of 5, 7-DHT in different durations on the cultured cortical and

Tab 1.
hippocampal neurons. n =6 of triplicate measurements of two independent experiments.  : s.
%P < 0.05, P <0.01 vs control.
Conc/# Time/h
pmol-L~! 1 2 4 8 22
Control Hippocampus .70+ 0.06
Cortex 0.49+0.11
100 Hippocampus 0.64+0.06 .62+ 0.06 0.79x0.09 0.54+0.05 0.82+0.15
Cartex 0.43 +0.03 0.59+0.08 0.62+0.22 0.35+0.12 0.45£0.07
200 Hippocampus 0.7520.11 0.70£0.07 0.82 +0.06 0.67+0.19 0.8520
Cortex 0.45+0.04 0.50+£0.07 0.47+0.05 0.57+£0.05 041+ 0.03
400 Hippocarmpus 0,72 0,06 0.77+0.12 0.6420.13 0.59+0.16  0.47+0.13
Cortex 0.44+£0.02 .58+ 0.04 .41x0.18 0° 0.11+0.08°
GO0 Hippocampus 0.641£0.04 0.74+0.4 0.81+0.20 0.90+0.01 0.38+0.01°
Cortex .57 0.07 0.54+£0.02 0.4 07 0r r
B00 Hippocampus 0.32+0.27° 0.59+0.08 ¥ 0.07x0.06° 0.53+0.07
Cartex 0.29+0.05° 0.16£0.07° 13 0 (1
1000 Hippocampus 0.10£0.10F e e 0.08+0.05° o
Cortex 0.45+0.07 0.02+ 0.04° o° 0 o°

Tab2. Protective effect of Des and Flu on the cultured hippocampal and cortical neurons injured by 5,7-DHT.

25,
P> 0.05, PP <0.05, ‘P<0.01 vs lesion control.

n = 6 from triplicate measurements of two independent experiments.

Conc/ Desipramine Conc/ Fluoxetine
pemol- L~ Hippocampus Cortex pmol- L1 Hippocampus Cortex

10 0.33+£0.0¥ 0.20+ 0.08° 0.6 0.37+0.18° 0.27+0.15°
8 0.42+0.09° 0.18+0.03° 0.4 0.40 + 0. 26° 0.24+0.10F
6 0.36+0.05° 0.17 £ 0.05° 0.2 0.55+0.24° 0.24+0.18°
4 0.3+ 0.05° 0.12+0.05° 0.1 0.35+0.02 0.2820.1Z
2 0.32+0.12° 0.08+0.03* 0.6 . 0.3720.04° 0.20 0,07
1 0.20+£0.0 0.015+ 0.026* 0.06 0.27+0.06° 0.17+0.03°
0.8 0.13+0L11° 0.003 + 0.008° 0.4 0.19+ 0.08° 0.06+0.04"

Hippocampal lesion control 0.02 0.4 {n = 18)
Cortical lesion cortrol 0.02 £+ 0.04 (7 =15}

affected by 3,7-DHT than were NE neurons. This was
consistent with our experiment. Fluoxetine, a
selective serotonin reuptake inhibitor. provided a more
powerful protective effect on the injured hippocampal
and cortical serotonergic neuron by 5,7-DHT than Des.
This suggested that the antidepressive effect of Des and
Flu be related to binding to the reuptake site of
monoamine, thus affect the monoamine levels. We
presume that there are some intrinsic  serotonin
analogues, including serotonin metabolites such as 5
hydroxyindoleacetic acid, and indolenine, and so on,
may produce toxic effect on the neurons with the

serotonergic reuptake site by the similar mechanism to
5, 7-DHT in the brain of depressive patients due to
delayed-clearance for some reasons, though it needs
support from experimental evidences.

The majority of recent functional brain imaging
studies have demonstrated a reduction in neuronal
activity most pronounced in the left prefrontal cortical
and limbic areas, particularlly in recurrent or chronic
depressive disorders’® . This reduction in neuronal
activity is evidenced by decreased blood flow and
glucose utilization in these neuroanatomical areas.
George and colleagues'® have used functional brain
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imaging to swdy nomal individuals experiencing
transient alterations of normal affective states such as
sadness and happiness. In contrast to the deficiencies
in the frontal and limbic blood flow observed in
chronically depressed individuals. an activation of these
same circuits occurs during self-induced sadness.
Although alternative explanations exist, one heuristic
model may be that stressors resulting in dysphoria in
nommal individuals activate this specific anatornical
circuitry which, when persists, results in depression
and with further persistence and/or recurrence may
evenmally produce the bumout or inactivation of this
same circuitry'® . The decreased blood flow may
result in a delayed-clearance of intrinsic neurctoxins and
induce the reduction in the neuronal activity.

In conclusion, this model ir vitro is a simple
useful means for evalvating and screening agents acting
on the serotonergic pewrons. Des and Flu have
protective effect on injured serotonergic neurons by 5.7-
DHT, which may be one of their antidepressant
mechanisms,

REFERENCES

1 Bumet PW, Michelson D, Smith MA. Gold PW, Stemberg
EM. The effect of chronic imipramine administration on the
densitis of 5-HT,, and 5-HT. receptors and the abundance of
5-HT receptor amd transporter mRNE in the conex,
hippocampus and dorsal raphe of three strain of rat.  Brain
Res 1994; 638: 311 - 24.

2 Watangbe Y, Sakai RR, McEwen BS, Mendelson 5.
Stress and antidepressant effects on hippocamnpal and cortical
5-HT, , and 5-HT, receptars and transport sites for serctonin.
Braimn Res 1993; 615; 87— 94.

3 Hadassah T, Rapport MM,  Effect of neurcioxins m vitro
on the binding of serctonin to serofonin-binding protein.
Ann NY Acad Sci 1978: 305 87 — 4.,

4 Dugar A, Lakoskd JM. Serotonergic function of aging
hippocampal CA; pyramidal neurons: electrophysiokogical
assessent following administration of 5. 7-dihydroxytrypta-
mine in the fimbria-fornix and cingulum hundle. ] Newrosci
Res 1997; 47: 58=67.

5 Weiss S, Pin JP, Sebben M. Kemp DE, Slateczek F.
Gabrion J. er al.  Synapiogenesis of coltured striatal

g3f-8f~

newrons  in seru-free medium: A morphological and
bicchemical study.  Proc Natl Acad Sci USA 1985; 83;
2238 -42.

& Tada H. Shiho O, Kurcshimz K, Koyama M, Tsukamo K.
An improved colorimetric assay for interlevddn 2. J Immu-

nol Methods 1986; 93: 157 - 65.

Baumgarten HG, Klemn HP, Lochenmayer L. Mode amd
mechanism of action of neurotoxin Indoleamines; a review
and a progress report.  Ann NY Acad Sci 1978; 305: 3 -
2,

8 George MS. Ketter TA, Post RM.  SPECT and PET imag-
ing in mood disorders. J Clin Psychuary 1993; 54 {11
Sllpp”: 6-13.

9 Risch SC. Recent advances in depression research: from

stress (o molecular biology and brin imaging. J Clin

Psychiatry 1997; 58 Suppl 5. 3-6.

ER B TR S, 7-—Bak
i D RAE T RS K:§7{43

wAFE!, ?’ﬁ'ﬁt REfE (EHESFEE
ﬁ%%%ﬁﬁﬁ 1k & 100850, FE)

KA
WS KM ME R W
=[:p ﬁﬁTﬁMﬁB%’?ﬁ%mMﬁmﬁJﬁ 5,7-
BEEBRGMETKERIER. A& BRAUEFR
10 d 9K R SR ELE 4 i hn A 7 (5] 3 BE a2
PAPHFI B ITE A 0 min I, F 5.7- — 8B ERK
600 pmol* L' #i#5 4 h, MITEE A EEFUEH
WE AR ERE. SR, HEWHARETH
#ech RAERERAMSR, NEEE >R
0.8-10 pmol-L~'#1 0.04— 0.6 pmol- L', i,
HEHFE AT 5, - BEEN e D
AESERIER, ERITROSTHREMRUN(LY
—AEES). FR MR R g TR RIPE
FTHER B AMARE R H = —.

5, - RO #ATmH. BEIT:
459 8 4

(fEH%E F H)



http://www.cqvip.com

