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Neuronal cell dcath in brain ischcmia rcperfusion injury such as stroke was induced by t.-gluta- 
mate toxicity (Choi, D.W. J.  Neurosci. 1990, 10. 2493-2501; Coylc, J.T. and Puttfarcken, P. 
Science, 1993, 262, 689-695). In the course of our screening for neuronal cell protecting sub- 
stances of microbial origin, wc isolated a novel compound designated inescengricin from Strep- 
rom~'cesgrZse~~~~,,us2853-SVS4 (Kim, J.-S., Shin-ya, K., Furihata, K., Hayakawa, Y. and Seto, H. 
Tetrahedron Lett. 1997. 38, 3431-3434). The structure of mescengricin was determined by a 
variety of NMK experiments such as HMBC, 1)-HMBC (Furihata, K., Seto, H. Tetrahedron 
Let(. 1995,36,2817-2820), 'H-l5N HMBC ("N-HMBC). It possesses an a-carbolinc structure 
substituted by a glycerol-ester and a hydroxydihydropyrone. Mescengricin protected chick pri- 
mary mesencephalic neurons from L-glutamatc toxicity with ECSo value 6.0 nM. 

Keywords: Brain ischemia; Glutamate toxicity; Mesencephalon; Neuroprotection 

INTRODUCTION 

Brain ischemia injury such as stroke victims ranks among the top killers in 
industrialized nations. By attacking the brain, stroke hits at what makes us 
human, killing or disabling an apparently healthy person in minutes. In the 
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I 2 2  

r JSA. nccording 10 the National Institutes ol' Health (NIH). thc conclitioti is 
the third leading cause of dcatli nnd the most coninion ciiusc 0 1  adult dis- 
ability. Of approximately 500,000 new victims each year. roughly 30 pcrccnt 
die. xiid 20-- 70 percent bcconic severely and permanently disabled. OtIicr5 
suf~ct- i'rotn pnralysis. impaired cognition. and spccch disabilities with 
reduced coordination. visual disturbance. loss o f  scnsation or sonic comhi- 
tliltioti of  these cfi'ccts. Physical therapy can help mati!: peoplc make the best 
of t hei r reniai ni tig capabilities. bii t cii nnot rcpai r t hc brain damagc i t  scl 1.. 
Thus. the need for medical intervention is greiit. both because ofthc scriouh- 
ncss of thc disorder and its prevalence. 

I t  is well accepted that  ii major neurotransmitter in  the ce1itrill titrvoiis 
system is L-glutamate. which is cxtensively released during brain ischemia 
mid plays an important role in subsequent neuronal cell death thruu!Ji 
intracell~il:il- biochemical cascades [ 1.21. Therefore. inhibitors of glutam;itc- 
loxicity ;I expected to be effcctivc against brain ischemia repcrfusion 
iti,iury. I n  thc coiirsc o f  our  screening for inhihihrs ot' I -glutamate loxicit!. 
using chick prinxiry mesencephalic neuronal cclls :is : i n  i l l  i.ifr.o ischemia 
niodel. w c  isolatrd ;i novel neuronal protecting substance niesccngricin ( I ) 

y ' i . v w f h w . s  2853-SVS4 ( Fig. 1 ) [ 3 ] .  

wsuL,'rs AND DISCUSSION 

Taxonomy and Fermentation 

I'hc substrate m>ccliutn of' strain 2853-SVS4 did not l'ragmcnt. The aerial 
111 ycc I i LI ni i rreg ti I a rl y bra nched on the long ni ;i in s t e ni and t ern1 i n:i t cd 
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NOVEL NEURONAL CELL PROTECTING SUBSTANCE 123 

spirales (3-5 rotation), forming sporc chains with 10-20 or more spores per 
chain. The spores were ellipsoidal (0.4-0.5 x 1.0-1.2 pm) and their surface 
was spiny. The culture showed no special morphology such as sporangia, 
whirls or sclerotia. Whole cell hydrolyzate of strain 2853-SVS4 contained 
r.L-diaminopimelic acid. Accordingly, the cell wall of the strain was classi- 
fied as type I. 

The cultural and physiological properties of strain 2853-SVS4 are as fol- 
lows. Mature aerial mycelia corresponded to the green color series. The 
reverse side of the colony was light yellow to light reddish orange. N o  solu- 
ble pigment was observed. The results of these morphological and chemo- 
taxonomic studies indicate that strain 2942-SVS3 belongs to the genus 
Stveptomyces. Among the species of Stveptoniyces described in BERGEY's 
Manual [5], strain 2853-SVS4 appeared to be most closely related to Strep- 
tomyces griscof1uuvzi.s. Thus, the strain 2853-SVS4 was identified as Stvepto- 
triyces griseq fhi w s  2 8 53 - SVS4. 

The mescengricin producing microorganism was inoculated into seed 
tubes containing 15ml of the seed medium consisting of soluble starch 
1 .0%, molasses 1.0%, meat extract 1 .0% and polypepton 1 .00/0 (pH 7.0 
beforc sterilization) and incubated on a reciprocal shaker at 27°C for 2 days. 
The seed culture at 2% was transferrcd into 500-ml Erlenmeyer flasks 
containing 100 ml of the producing medium consisting of glycerol 2.0%, 
molasses 0.5%, casein 0.5% and polypepton 0.1% and calcium carbonate 
0.4% (pH 7.2 before sterilization). The flasks were incubated on a rotary 
shaker at 27°C for 5 days. This culture (600 ml) was further transfcrrcd into 
a 50-1 jar fermcntcr containing 30 1 of the samc producing medium, and the 
cultivation was carried out at 27°C for 3 days with agitation 350rpm and 
aeration at 30 1 per minute. 

Isolation 

The mycelial cake collected by centrifugation from the whole fermentation 
broth (901) was stirred with 101 ol' acetone. The solvent extract was con- 
centratcd it1 vucuo to a small volume and x t ive  materials were extracted 
3 times with each 1.5 1 of ethyl acetate. The organic fraction was dried over 
Na2S04 and concentrated to dryness. The oily residue was dissolved in 
CHCll and 6 times volumc of ti-hexane was addcd. The precipitates were 
collected and applied to a silica gel column (508 x 400 mmj, which was devel- 
oped with CHC:13-MeOH (7 : 1). The pooled activc eluate was concentrated 
to dryness. The active eluate was then applied to a Toyopearl HW-40F 
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c o l u m n  and eluted with 100% MeOH A pure sample ot I (10 mg) mCi \  
fiiicilly obt'iined <is <I reddish brown ponder by HPLC using PEGASIL 
OD5 column (Senshu-Pak. 301s x 250min) developed with 60% MeOH 

Structure Elucidation 

' fhr physico-chcmical propcrtics or 1 are summariLed in Tablc 1 .  The 
molecular formula of 1 was established as CzlH2,,N20n by HRFAB-MS. 
IR absorptions at 1730 and 1300cm-' implied the presence of an ester 
f i i  nction. 

The 'H-  and "C-NMR spectral data of 1 tire summarized in Table 11.  
Onc dimensional 'H-  and I3C-NMR spcctral data and the phase-sensitive 

TABLE 1 Physico~clieiiiical propcrtic.; of mebceiigi-mil 

Reddish brown powder 
147 I- 249°C (dcc.1 

33' (i 0.04. MeOH)  
C2 I H2,,N20r 

429 I .32l(M ' E l )  
429.129s 

284 (6.400). 400 (4.500) 
738 ~l0.000), 410 (4.800) 
3400. 1730. 1630. I300 

1 I (J ( 10,500). 2% (5,20(J) 

TAllLC I 1  ' H -  and "C-NMR spectral d a l , ~  l o r  iiie\cengricin 

1 d9. I 17 71.0 456'111) 
1 l2 .K 8. ;7 (hr .c )  I? 38.4 2.58 (dd. .I= IX.?H/). 

4 131 h 
4a 1 11 .7  13 1ii l .S 
I t >  I 11.9 I5  20.2 1.37( t I . J  6 l l r l  
\ Iz(i.0 8.42 ( d d , J = 9 . 2 H 7 )  I 6  lh7.(1 
6 110.  I 6.74 (dd. J =  9 .7  H r )  17 68.0 4.37 (ddd. J -  1 I .  11.4 Hz).  

s 96.x xc) (d .  .r-: H ~ )  I X  7O.h 3.87 (111) 

Sil 141.4 I 9  (>3.') 3.48 (111) 

Oil 147.4 18-01 1 5 08 (br.s) 
I0 95.8 19-01 I 4.7h (hr.s) 
I I 165.9 

' 1 1 - N M R  i i i i d  "C-NhlR spectra were taken in DMSO-d,iic 500iind I25MHz. i-espec!ively 

2.79 (dd. .r- I x .  I 2 ~ 7 )  

157.9 4 5 1  (ddc1.J- 11.9.hH71 
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NOVEL NEURONAL CELL PROTECTING SUBSTANCE 125 

DQF spectral data revealed the presence of a 1,2,4-trisubstituted bcnzcne 
substructure and two spin systems from methyl protons 15-H (1.37 ppm) to 
methylene protons 13-H (2.58,2.79ppm) through a methine proton 12-H 
(4.56ppm), and from oxygenated methylene protons 17-H (4.37,4.51 ppm) 
to hydroxyl methylcne protons 19-H (3.48 ppm) through a hydroxymethine 
proton 18-H (3.87ppm) as shown in Figs. 2 and 3. 

Since an aromatic proton 3-H (8.57 ppm) playing a key role in the struc- 
ture elucidation was observed as a very broad signal, only a few 'H-I3C 
correlations were observed in the HMBC spectrum of 1. This problem was 
overcome by preparation of a free acid derivative (2) lacking the glycerol- 
ester side chain, whose molecular formula was determined by HRFAB-MS 
as Cl8HI4N2O6 ((M + H)+, found: 353.0800 (+2.6 mmu)). In the 'H-NMR 
spectrum of 2, the aromatic proton 3-H (8.67 ppm) was observed as a sharp 
signal together with three exchangeable proton signals (9.90. 12.40 and 
18.10 ppmj. Therefore, the structure determination was carried out by ana- 
lyzing the N M R  spectral data of 2 (Table Il l ) .  

- : DQF-COSY 
:HMBC 

# * - %  : "N-HMBC 

HO 

3 

FIGURE 2 NMR spectral analyses of2. 

FIGURE 3 NMR spectral analyses of 1. 
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126 K. SHIN-YA et al. 

TABLE I11 'H- and I3C-NMR spectral data for 2 

NO. 6c 6" 
~ 

No. 6C 6H 

2 148.4 
3 112.4 8.67 (s) 
4 134.0 
4a 112.2 
4b 112.0 
5 126.2 8.45 (d, J =  9 Hz) 
6 110.3 6,75(dd,J=9,2Hz) 
7 157.9 
8 96.8 6.89 (d, J =  2 Hz) 
8a 141.0 
9a 146.3 

10 95.4 
11 165.7 
12 70.0 4.58 (m) 
13 38.1 2.63 (dd, J =  17,3 Hz), 

2.79 (dd, J =  17,12 Hz) 
14 181.8 
15 20.2 1.37(d,J=6Hz) 
16 167.6 

7-OH 9.90 (br.s) 
9-NH 12.40 (br.s) 
14-OH 18.10 (br.s) 

'H-NMR and "C-NMR spectra were taken in DMSO-d, at 500 and 125 MHz, respectively 

In the HMBC spectrum of 2, long-range couplings were detected from 
the aromatic proton 3-H to quaternary carbons C-2 (1 12.4ppm), C-4 
(134.0ppm) and C-4a (112.2ppm). A long-range coupling from 3-H to a 
carbonyl carbon C-16 (167.6 ppm) revealed the linkage of C-16 to C-4. 
Additional long-range couplings were observed from methylene protons 
13-H (2.63,2.79 ppm) to a quaternary carbon C-10 (95.4ppm) and to an oxy- 
genated sp2 carbon C-14 (1 8 1.8 ppm) which was in turn long-range coupled 
to the methine proton 12-H (4.58ppm) and the methyl proton 15-H 
(1.37ppm). This methyl proton (15-H) was also long-range coupled to an 
ester carbonyl carbon C-11 (165.7ppm). The 13C chemical shifts of C-10, 
C-1 1 and C-14, and the correlations cited above established a y-lactone moi- 
ety as shown in Fig. 2. 

Furthermore, long-range couplings from the aromatic proton 3-H to 
the quaternary carbons C-10, C-11 and C-14 in the decoupled-HMBC 
(D-HMBC) spectrum [4] revealed the position of the y-lactone moiety on 
the a-carboline structure. 

In addition to these 'H-13C correlations, an "N-HMBC experiment 
proved a long-range coupling between 3-H and a pyridinium nitrogen N-1 
(207 ppm). These results established a substituted pyridine moiety as shown 
in Fig. 2. 

The connectivity between the trisubstituted benzene ring and the sub- 
stituted pyridine moiety was determined as follows. In the D-HMBC spec- 
trum of 2, an exchangeable proton 9-NH (12.40ppm) was long-range 
coupled to quaternary carbons C-4b (1 12.0 ppm), C-8a (141 .O ppm) and 
C-9a (146.3 ppm), the last one being long-range coupled through four-bonds 
to the aromatic proton 3-H. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
5
8
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



hOL b l  hkLIKOU 41 C t LL PROTECTING SCBST4UCE 121 

Furthermore, a long-range coupling between an aromatic proton 5-H 
(8.45 ppm) and C-4a was observed. In addition to these correlations, an aro- 
matic proton 8-H (6.89 ppm) was long-range coupled to an amine nitrogen 
N-9 ( 1  22 ppm) in thc "N-HMBC spcclrum. The remaining substituent on 
C-7 was determined to be an oxygen according to the I3C chemical shift of 
C-7 (1 57.9 ppm). Thus, the structure consisting of an a-carboline chromo- 
phore was determined as shown in Fig. 2. 

The connectivity between the a-carboline chromophore and the glycerol 
moiety was revealed by long-range couplings from 3-H to a carbonyl carbon 
C-16 (167.1 ppm) and from 17-H (4.51ppm) to C-16 and C-4 (131.6ppm) 
in the H M B C  spectrum of 1 as shown in Fig. 3. NOES observed with the 
methylene protons 17-H to 3-H and 5-H also supported the structure or I .  

The stereochemistry of the C-IS position of 1 was determined as follows. 
-4n acetonide derivative of 1 was prepared by treatment of I with 2,2- 
dimcthoxypropane and pyridiniuin p-toluenesulfonate in CH2CI7. The reac- 
tion mixture was hydrolyzed wilh 1 N NaOH at rooin temperature for I h to 
give a glycerol dimcthylketal. The stereochemistry at C-18 position of 1 was 
determined to be S by comparing the optical rotation value of the obtaincd 
glycerol dimethylketal [a]: = +9.8" (c = 0.06, benzene) with that of 
D-(+)-glycerol dimethylketal (+10.8", c - 15.19) [6]. The stereochemistry of 
C- 12 remains to be established. 

Biological Activities 

Chick mesencephalic neurons are susceptible to L-glutamate toxicity, which 
is known to be observed in rat cortical and hippocampal neurons. and are 
induced cell death by the addition of 1 0 0 ~ M  of L-glutamate as shown in 
Fig. 4(a) (dcad neurons are obscrved in round shape with vanished neurite). 
Mescengricin (1 pM) completely protected chick mesencephalic neurons 
from excitotoxicity and its effective dose range was wide with ECso value 
6.0nM (Fig. 4(b) and Fig. 5 ) .  The antioxidative agent vitamin E also exhib- 
itcd the inhibitory activity against L-glutamate toxicity in chick mesence- 
phalic neurons with ECjo value 600 nM. Since vitamin E suppressed the 
L-glutamate toxicity in this system. we investigated the antioxidative activity 
of I as a model to estimate antioxidative activities using N 18-RE-I05 cells [7]. 
L-glutamate-induced cell death in N 18-RE-105 cells was reported tg be 
caused by oxidative stress [8,9] and cffectively suppressed by antioxidants 
[lo-- 141. Vitainin E suppressed the L-glutamate toxicity in N 18-RE-105 cells 
with EC5<) value 57nM, whereas 1 did not show the activity even at  10pM. 
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128 K. SHIN-YA et af. 

L-Glutamate (100 pM) 

L-Glutamate (1 00 pM) + mescengricin (1 pM) 

FIGURE 4 Morphological damage produced by exposure to L-glutamate on chick mesence- 
phalic neurons. Phase-contrast photographs follow representative fields of chick mesencephalic 
neurons. (a) Twenty four hours after L-glutamate (100 FM) treatment showing widespread 
death with disintegration of neurites. (b) Addition of mescengricin (1 pM) with L-glutamate. 
Neurons completely survive with prolonged neurite extension. 

Since the mechanism of the L-glutamate toxicity in neuronal cells is not fully 
understood, clarification of the mode of action of 1 is expected to discover 
a novel mechanism of the L-glutamate toxicity. Further studies on detailed 
biological activities of 1 are now under way. Since mescengricin is the first 
natural product with an a-carboline chromophore, its biosynthetic pathway 
remains to be an interesting target. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
5
8
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1
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FIGURE 5 
cephalic neurons. 

Protective effect of 1 against L-glutamate induced excitotoxicity in chick telen- 

EXPERIMENTAL SECTION 

Spectral Analysis 

Mass spectra were recorded on a JEOL HX-110 spectrometer in the FAB 
mode using rn-nitrobenLy1 alcohol as a matrix and polyethylene glycol as 
internal standard. UV and visible spectra were recorded on a Hitachi 
U-3210 spectrophotometer and IR spectra were recorded on a Jasco A-102 
spectrophotometer 'H- and "C-NMR spectra were obtained on a JEOL 
JNM-A500 spectrometer in DMSO-d6 solution. Chemical shifts are given 
in ppm using TMS as internal standard. 

Taxonomic Studies 

An organism designated 2853-SVS4 was isolated from a soil sample col- 
lected in Nagano Prefecture, Japan. Its characterization and identifica- 
tion were carried out mainly according to BERGEY's Manual [5] and the 
methods dcscribed by Shirling and Gottlieb [15]. For the evaluation of cul- 
tural characteristics, the strain was incubated for 14 days at 27°C. Cell wall 
composition was analyzed by the methods of Becker et al. 1161. 

Preparation of a Glycerol Dimethylketal and 2 

An acetonide derivative of 1 was prepared by treatment of 1 with 2,2- 
dimethoxypropane and pyridinium p-toluenesulfonate in CH2C12 for 6 h 
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130 K. SHIN-YA rt uI. 

at room temperature. The reaction mixture was hydrolyzed with 1 N NaOH 
at room temperature for 1 h. The glycerol dimethylketal and 2 was purified 
by silica gel column chromatography using CHC13-MeOH (30 : 1) as a devel- 
oping solution. 

Cell and Cell Culture 

Preparation of Chick Mesencephalic Neurons 

Mesencephalic regions from chick embryos, developed to Stage 30 as 
defined by Hamburger and Hamilton [17], were dissected out in CaZf-, 
Mg2+-free Hanks buffer (140mM NaCl, 5.4mM KCl, 4mM NaHC03, 
0.3 mM Na2HP04. 12H20, 0.4 mM KH2P04 and 5.5 mM glucose). Tissues 
from these embryos were treated with 0.25% trypsin and 0.01% DNaseI for 
30min at 37°C. Fetal bovine serum was added to inactivate trypsin, and 
rinsed with high glucose-DMEM supplemented with GMS-A Supplement 
(Gibco) and 0.65 pg progesterone. After triturating tissues with gentle pipet- 
ting, cells were plated on poly-L-lysine coated 96-well plates containing 
100 pl of the same medium at the density of 2.5 x lo4 cells/cm*. After cultur- 
ing for 3 days, cells were treated with l00pM L-glutamate to induce cell 
death. Cytotoxicity was monitored routinely by a phase-contrast micro- 
scope (AXIOVART135, ZEISS), and quantified by visible cell counting by 
using the trypan blue exclusion method. 

Preparation of N18-RE-105 Cells 

N18-RE-105 hybrid cells (mouse neuroblastoma clone N18TG-2 x Fisher 
rat 18-day embryonic neural retina) were grown in a Dulbecco’s modified 
Eagle’s medium supplemented with 0.1 mM hypoxanthine, 0.04 mM amino- 
pterin, 0.14 mM thymidine and 10% heat-inactivated fetal calf serum. The 
cells were cultured in a humidified atmosphere of 5% C 0 2  in air at 37°C. 
For cytotoxicity studies, cells were plated at 6.25 x lo3 cells/cm2. After cul- 
turing for 24 h, the medium replaced with the same medium containing 
lOmM L-glutamate. Cytotoxicity was monitored after 24h by a phase- 
contrast microscope and quantified by the MTT method as well as by the 
measurement of the activity of lactate dehydrogenase (LDH) released into 
the culture medium from degenerated cells. 

Cytotoxic Assay 

MTT assay, LDH release and visible cell counting using trypan blue exclu- 
sion were utilized to quantify the activities of mescengricin and vitamin E. 
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hOVEL NEURONAL CELL PROTECTIKG SUBST.4NCE 131 

MTT assay was carried out by treating cells with 5mg/ml MTT in 
PBS(-) followed by incubation for 4 h .  After removing the medium, equal 
volume of DMSO was added and absorption values at 570 nm were deter- 
mined with an  automatic microtiter plate reader. 

LDH released from degenerated cells into the culture medium was esti- 
mated by LDH-Cytotoxic Test (Wako) according to the instruction. Intra- 
cellular LDH was recovered by treating viable cells using lysis buffer (0.1 M 
potassium phosphate buffer (pH 7.0) containing 0.5% Triton X-100). Per- 
centage of the cell death was calculated from the following formula: 

YO Cell death 
= (LDH activity in the culture mediu1n:total LDH activity) x 100. 

For counting viable cells. cu l~ures  in 96-well plates were made up to 
0.12% trypan blue. and the viable cclls per low magnification ficld were 
determined. 
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