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PREPARATIVE SCALE HIGH-PERFORMANCE 

IDENTIFICATION OF CYCLOSPORI NE-A 
LIQUID CHROMATOGRAPHY AND 

FROM AN INDIGENOUS FUNGAL ISOLATE 

C. D. RAGHWEERAN, N. GOPALAN, R S. DANGI, 
M. P. KAUSHIK, AND K. S. VENKATESWARAN 
Defense Research and Development Eskablishment 

Tansen Ram?, Gwalwr - 474 &92, India 

Extract of fermentat ion b ro th  of an indigenous funqal  
i s o l a t e  of Tolypocladium sp., found t o  conta in  Cvclosporine-A 
(Cy A) has  been inves t iqa t ed  by spec t roscopic  and 
immunological ana lyses .  A prepa ra t ive  scale High Performance 
Liquid Chromatoqrphy (HPLC) for  Cy A on an ana ly t i ca l  reversed 
phase  HPLC column by i n t e r v a l  in jec t ion  followed by gradien t  
e lu t ion  h a s  been described. The i d e n t i t y  of t h i s  preDarat ion 
w a s  confirmed by matching t h e  s p e c t r a  wi th  the r e f e r e n c e  
s t a n d a r d  using photo diode a r r a y  de tec to r .  

The crude extracts of ?olypoclrdlor iaflrtm Oams vert found 
t o  have inmasuppressive act iv i ty  and Cyclosporin-A was 
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2408 RAGHUVEE&WETAL. 

identified later to be the active principle.' Bxtraction of 
Cyclosporine-A from crude extracts of the fermentation broth 
was accomplished using laborious and timt consuming sequential 
colurrn chromatographic method'. Isolation of Cyclosporine-A 
( C y  A - VCRC) from an indigenous fungal isolate was reported 
recently3 from Vector Control Research Centre, Pondicherry, 
India. A novel HPLC method is reported here using an analytical 
reversed phase colurrn for the plreparative scale purification of 
this Cy A - VCRC after the method of Sutfeld.' Diode array 
detection has been used to compare the spectrum of this 
preparation with the standard Cy-A. 

The fermentation broth of the fungal material in the form of 
dried powder from an indigenous fungus Tolypocladfum sp. was 
received from the Vector Control Research Centre, Pondicherry, 
India. Cyclosporin A used as standard is Sandimmune from H/S 
Sandoz Pharmaceuticals. The solvents used for reversed - phase 
HPLC were Methanol (Lichrosolv) and Acetonitrile (Lichrosolv) 
from B. nerck, India Ltd. and uere used as such. Water was 
triple distilled in an all glass distillation system and 
further purified by passing through a NORGANIC Cartridge 
obtained from H/S Waters Associates (USA). All other solvents 
used for solvent extraction were of OR grade (E. nerck, India 
Ltd. 1. 

The IIPLC equipment comprised of the following : two LC 6A 
pumps, a Rheodyne 7120 injector, a colum oven (CTO - 6A1, an 
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CYCLOSPORWEA FROM FUNGAL ISOLATE 2409 

autoinjector, a system controller (SIL-61) and a data station 
coapo6ed of a C-R3A Chromtopac integrator equipped with a 
floppy-operated disc system and CRT display, all from N/S 
Shindru, Japan. The detectors used were 1. SPD 6AV (Shimdzu), 
2. Rapid Spectral Detector (LKB, Sweden) for the diode array 
detection operated vith an IBU PC/XT equipped with a 20HB hard 
disc. The spectral and chro~atographic data were complemented 
vith the following softwrcs from H/S LKB, Sweden : a) Wvescan 
Compare and b) Library Search. These were used for a positive 
on-line identification of the components identical with 
authentic sample of Cyclosporine A. The colrun (25 CI X 4.6 1111 

ID) was hompacked with Polygoril C1B (5u) obtained from H/S 
Mchery nagel, m e n ,  Oarsany, using a mixture of toluene, 
diorane and cyclopentanol as slurry solvents and methanol as 
the packing aolvent. The efficiency of the column observed was 
40,000 theotitical plates using a test mixture comprising of 
benzene, toluene and acenapthene. 

Analytical scale HDLC was performed with the COluM 
mentioned above and acetonitrile - wter (70:30) at a flow rate 
of 1 ml per minute. The colorm uas mintained at 75OC. The UV 
detector was set at 200m. The 'preparative' W L C  was performed 
vith the curme equiwnt for both sample loading and sample 
elution applying a gradient. The seripure substance previously 
obtained from various solvent and EOlid-phaEe extraction 
methods was pooled and applied on the  colam operated with 5% 

acetonitrile at a flonate of 1.5 W m i n  so as to give a 
pressure of 230Kg/cl12 (2318A). The curmple in methanol (100~1) 
was injected onto the colon 54 timer at intervals of 1 min. 
Dakinq use of the autoinjector till the pressure abruptly 
changed to 25OKg/m2. The product w s  recovered by applying a 
gradient from 108 acetonitrile to 1008 vith change in flow 
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2410 RAG- ET AL. 

rate (to maintain a constant pressure of 230Kg/ca2) as per the 
time program given below. 

0.01 
5.0 
8.0 
30.0 
32.0 
45.0 
60.0 
100.0 
102.0 

BCONC 
BCONC 
TFLOV 
BCONC 
TFLOV 
BCONC 
BCONC 
BCONC 
TFLOV 

10 
10 
2.6 
80 
2.8 
80 
100 
100 
1.5 

The fractions were collected at the points of inflections of 
the peaks in the gradient elution as per the chromatogram (F iq .  
1). The solvents from the fractions were individually 
reinjected in the analytical mode. 

Spectroscopic methods used for confirmation of identity were 
infrared, '€I NIIR, 13C NHR and diode array spectral matches. 

Inmunochemical reactivity of the above product w s  tested 
using CYCLO-trac radio imunoassay kit obtained from INCSTAR 
Corporation, Minnesota, USA. Effects of CY A-VCRC on humoral 
immune response and delayed hypersensitivity response to sheep 
red blood cells in mice were tested essentially as reported 

5 earlier . 
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Fig.1 ChrOrntOgZaB of mthanol extract of dried fernentation 
broth. Peak l o .  6 = Cy A. Otherpeaks : unknown. 
Conditions : Calm : wucleosil Cl8 (513) (Hachery 
Nagel), Mobile phase : Acetonitrile - water (70/30); 
Flow rate : lml/min; Temperature : 75 '~;  Detection : 
200 M (W). 

Preliminary work involved the  analysis of the crude extracts 
of the fermentation broth powder by reveresad-phase HPLC 
(Fig.1). The peak a t  6.54'  min. -8 identified w i t h  Cy A 
extracted fro8 Sandimune and w i t h  the standard Cy A from the 
CYCLO-Wac radio i m n o  assay k i t .  The yield vas found t o  be 
0.08 8. The absorbance rat io  of Cy A-VCRC as obtained from the 
diode array detector (DAD) chro8atoqram also was identical w i t h  
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Fi9.2 Bffect of Cy A-VCRC on humoral and DTH response in 
Balb/c mice. Cy A-VCRC or Cy A (2OOmg/k9) injected 
intra peritonially 48 hr before SRBC immunisation. 
[control - C, Cy-A Sandimne - 8 and Cy A- 
VCRC - - VI. HA titers estimated 8 days after 
imunisation. DTH reaction was wasured 24 hours after 
injection of lo9 SRBCs. Results are mean Ir SB of at 
least 5 rice. * - P < 0.05. 
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CYCLOSPORINE-A FROM FUNGAL ISOLATE 2413 

that of CY A standard (0.456). "C NM of the substance 
obtained from the IIPLC fraction was matching with the spectra 
mentioned in the literature. The inanological investigations 
revealed the presence of cyclosporin A by radioimunoassay and 
there was alteration in the hrwral and delayed type 
hypersensitivity response in mice using the extracts from the 
fermentation broth (Pig. 2). 

Nany atteapts were w d e  to recover the subetance from the 
aycelia with use of various solvent extractions usinq Silica, 
carbon and the carbonaceous packing material from llORGANIC 
cartridges. In each care HPLC revealed that the product was 988 
pare and the DMI spectra mtched with that of Cy A standard in 
the LKB Library with match factor 0.999. Solid mtter obtained 
after removal of the solvent was waxy and tinged yellow. On the 
othtr hand mnual fraction collection from many HPLC anlysis 
yielded a colorlesr solid substance. This was a tedious 
procedure not suitable for large scale purification. 

Ue then applied the minterval injection" preparative scale 
HPLC of Sutfeld'. About 14019 of the final extracts pooled from 
several purification methods mentioned earlier w a  dissolved in 
methanol, filtered over a 0.450 P T H  rrbranc filter and 
autoinjected at the rate of 100111 each injection at intervals 
of one minute. After about 54 injections, the collnn pressure 
abruptly increased to 250 Kg/n'. The loading ms stopped and 
after flushing the colum with the s)ay mobile phase (58 
acetonitrile) as that ured for the preparative loading, a 
gradient elation was carried oat as per the time program 
described in the materials and methods. Out of the several 
peak8 from mnually collected fractionr, that betvten 31.8 to 
35 minuter corresponding to 808 acetonitrile in the gradient 
contained m a x i m  cyclwporine A as per the HPLC analysis by 
isocratic procedure explained earlier. The DAD Wavescan Colpare 
chromtogram is as sboun in Pig. 3 and the spectra in Pig. 1. 
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2414 RAGHUVEERAN ET AL. 

1 122 2 4 3  365 4 8 6  607 
TIME (Secsl 

Fig.3 Diode Array chromatograms of Cy A - reference standard 
(red) and Cy A-VCRC by preparative HPLC. Conditions : 
Column : Polygosil C18 (5111 and other conditions as  
mentioned i n  Fig. 1 .  

190 220 250 280 310 3 4 0  370 

WAVE LENGTH 1 nml 

Ftg.4 Diode array spectra from the chromatograms i n  Fig.3. 
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CYCLOSPORINE-A FROM FUNGAL ISOLATE 2415 

LKB FILE 
5 

3 

1 

-1 

0 
v) m 

190 280 370 
WAVE LENGTH ( n m )  

UNKNOWN [ - ) abs/div = D.S? 
LIBRARY ( ---.- ) abs/div = 0.21 
ENTRY 27 CYSP 201 
RT = 6.42 MATCH FACTOR = .9999 

Pig.5 Diode a r r a y  s p e c t r a l  match with LKB Libra ry  Search 
chromatogran  and s p e c t r a  as  i n  Pigs 3 6 4 .  

The two chromatogram are p e r f e c t l y  over la id  by t h e  sof tware  
i n d i c a t i n g  t h a t  t h e  s tandard  (do t t ed  l iner) and t h e  unknown 
(continuous line) are indeed same substances.  The peak t o p  
spectra obtained from t h e  sof tware  a lso match completely (Pig.  
5). The Library sea rch  sof tware  also picked t h i s  p a r t i c u l a r  
s tandard  oat of 27 entries wi th  a match f a c t o r  of 0.9999. 

As mentioned earlier 13C NlIR and t h e  r a d i o i r u n o a s s a y  
ind ica ted  t h a t  t h e  fungal extracts con ta in  CY A, t h e  DAD 
spectral comparison has f a r t h e r  confirmed t h e  i d e n t i t y  of Cy A- 

VCRC. This  p repa ra t ive  chromatographic method on an analytical 
c o l m  yie lded  33t of t h e  material from t h e  crude extract and 
t h e  DAD spectum matched almost 1 O O t  with t h a t  of t h e  r e fe rence  
s tandard .  
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