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that obtained with 0:25 u mole GSSG (Fig. 1), there
was a2 decrease in DHA reduction by 47¢;, 735, and
87%, respectively with 0-1 p mele, 0-05 2 mole and
0-025 ¢ mole GSSG. Similarly, 1n comparison with
that obtaired with 0-025 & mole NADP (Fig. 1), the
DHA reduction was less by 30%., 67%; and 83%; rcspec-
tively with 001 4 mole, 0-005 & mole and 0-0025 ¢
mole NADP. Tlere was no reduction of DHA in
the absence of GSSG or NADP.

GEP NADP GSH OHA
30D
CPG NADPH GCSLG, A A
ScHeME 1. Schematic representation of DHA reduc-
tion in the guinea pig tissues.
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Fig. 1. DHA reduction irn the guinea pig tissue
solub'e supernatant using GSH regenerating system.
L, liver; K, kidney; P, pancreas and A, adrenal.
The experimental procedure is described in the text
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REGENERATION OF WHOLE PLANITS BY
EMBRYOGENESIS FROM CELL SUSPENSION
CULTURES OF SANDALWOOD

SANDALWOOD (Sgntalum albun L.) is one of the many
forest trees difficult to propagate vegetatively by the
usual metlhods. Tlere is a growibg demand {or sandal-
wood and its products in the Interpnatjonal market,
However, there is a considerable reducticn in the pro-
duction from 1974 conwards, Several factors l.ave
contributed for the low production!. One of the main
problems jis the spike disease caused by mycoplasma.
Plants from 3 Years onwards are susceptible to the
disease resulting in death, To meet the growing demand,
trees of improved quality and disease resistance are
needed. Present-day tree improvement programmes
are not adequate to meet the growing demand, In
recent years, the tech.nique of plant tissue culture Las
been Lailed as the answer fo these problems, It can,
in principle, produce untold numbers of plants all
genetically identical, Until recently appl caticn of
tissue and cell cullures for propagaticn is ccnfined
moestly to herbaceous plants?. The success in tree
tissue cultures is comparatively limited. The mcst
pressing problem currently confrenting the forest
researchers is, to develep an econcmically effeicnt
technique of propagation from callus and cell cultures.
The technique must be sujiable to be applied to both
hardwood and scftwood trees, that are difficult to
propagate vegetatively by the usual metreds of graft-
ing, or by the rooting of brangh cuttings. Regeneraticn
in the form of embryos or plantlets is reported for
other forest trees*®, However, except for a few, tl.e
frequencies are low and not yet of any commercial
interest. Most of these studies are cenfined to sced
embryos or seedling explants. We have earlicr repcrieds
the somatic embryogenesis in sandalwood frcm
mature trees, For large scale commercial applica-
tion, the oaly practical method in tke long run is
embryogenesis in suspension cultures, We report
ere embryogenesis in suspension cultures leading to
plantlet formaticn.

Sandalwood shoot callus was isclated as previously
reporteds, Murashige and Skoog’s? (MS) and Wl.ite’ss
(WM) media were used as basal media. RBasal media
were supplcmented with auxins, cytc kinins arnd gitte-
rellic acid in diffcrent experiments ejtter singly ¢r in
combinations. Suspension cultures were maintained
in 250 m! conijcal or njpple flasks at pH 5+2. Conical
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flasks were shaken at 70 rpm on a platform shaker
and nipole flasks at 1 rpm on rotating steward appara-
tus. Cultures ware incubated at 26 £ 1°C. All the
exp:rimants were repeated more than three times.

Callus obtained was routinely subcultured cn MS
basal medium supplemented with 1 mg/l of 2,4-Dicklo-
rophenoxyacetic acid. Actively growing callus was
subcultured to tke same medium without agar, Cul-
tures formed a good suspensiont within four weeks.
Suspensions after two passages were used 1o induce
embryogenesis. Basing on the earlier work, about
15 combinations were used successfully (Table I),
The degree of embryogenesis varied with different
growth regulators,

TABLE I

Effect of growth regularors on suspension cultures

e

L

Sl Meadium composition Embryogenesis
No.
1. MSB + 1mgfl GA 4 4+
2. MSB + 2mg/l GA 4+ 4+
3. MSB +0-3mg/l K +1mg/l GA  +44--+4
4. MSEB +~0-Smgl K+ 1mgflGA 4+ +
5. MSEB + 1 mg/l K -+ 1 mg/l GA + -+ -+
6. MSB 4 2mg/l K + 1 mg/l GA + -+ +
7. MSB + 0-3mg/l BAP
+ 1 mg/l GA 4+
8. MSB + 0-5mg/l BAP
+ 1 mg/l GA + -+
9. MSB 4 1mg/l BAP + 1 mg/l GA 4+
10. MSB 4 €6-3mg/1 BAP
+ 1 mg/l IAA 44+
1. MSB 4+ 0-3mg/l BAP
+ 1 mp/i NAA + -+
12, MSB + 0-3mg/l BAP
+ 2mg/l NAA + -
3. MSB 4+ 06-5mg/l K
+ 0-3mg/1 1AA F+ 4
14, MSB +0-5mg/iK
4+ 1 mg/1 LAA F -+
5. MSB + 0-5mg/l K
+ 2mg/l IAA b4 1

K-—Kmmeyn: BAP-—Benzyl ammo purine; IAA--
Endole acctc acid; NAA--Naphthalen cacetic acid;
GA—CGibbercllic acid, -] - moderate, | §--] High,
-+ + 1 intense,

In four weeks time, procnibryonal stages are formed.
Under appropriate experipiental conddaons, embryo
Formauon s a confinuous process and yarious ¢bryo-
nal stages oceur side by side, Daect pHCloscopie
obsertvations showed groups of parcnchymatous angle
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cells, these produced a multicellular aggregates before
the embryo could be initiated. Embryogenesis starts
with unequal divisions and the formation of a ca m‘plex
of small cells developing into the carly stages of heart-
shaped embrso, Figures. 1-8 stow diffcrent stages of
embryogenssis and plantfet formati n, Embryoid sus-
pensions were subculivred to same media after four
weeks, By the end of 8-10 weeks the embryoids are
visible to the naked eye. At this stage these are trans-
ferred to the solid medium. MS supplemented with
0-3mg/l K -+ 1 mgf/l GA was found to be superior
for further growth, Wken the etabrvoids are ShOwWiIng
the clear dark green stcot portens and white root
portions the individual embryoids are subcultured to
WM supplemented with 0-5mg/l IAA for furtber
plant growth.

Fics. 1-5. Different stages of embryonal dev:l. n.
ment in iour wezk old suspensions.  Fies. [, 2.
mMlt:cellular aggregates; Fig. 3. Freo floating globular
miss,; Fig. 4. Globular mass and a developing heart-
shaped embryo; Fig, 5. Free flaating heart-s"aped
embryo. Figs, 6-8, Dovelopment of a phuuket on
solid medium,

The events of embryo formation in the vell and the
callus cultures occur in many widely ditfurng familes
of angiospaems®, thus showing thae the capacity for
embryogenesis is widely distributed and porably i3 &
property of somatic cells, However, to Jadte, no tree
species has been reproduced direstly from eells or aggre-
gates growing in 3 liguid suspension culture®.  Embryo-
gonesis seems fo proceed in the mauner shown by
Reinert er al1?, fe., it starts with an unequa: divnion
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of cells and the formation of a complex of small cells,
gradually developing into an heart-shapsd embryo.
When these grow bigger in size, they detac™ them-
selves and are found free floating in tre liquid medium
as shown in the figure, Although, it was assumed by
Steward er alll, that embryoids come from single cells
In carrot, later, it was shown experimentally by several
workers that Steward’s hypothesis cannot be genera-
lized,™ ¢ and embryos are formed from multicellular
aggregates,

Regeneration in the form of embryo or plantlet
has been reported for other trees. In almost all the
cases the frequencies are very low and of no commer-
cial interest yet. Among conifers, the most common
material used for propagation studies was seed embryo
or seedling explants, which quickly give good results.
Except for limited use, the seed cloning offers very
little to the tree breeder who wishes to propagate elite
trees and mot thewr progeny. Only recently several
labs have switched onto propagation studies using
4-5 years old material, old enough to be classified
elite. In the present investigation callus is initiated
from shoot pieces coll:cted from mature sandal trees
of about 20-25 years age and this callus is used to
initiate suspension cultures, This is the first time for
any tree species to develop complete plantlets from sus-
pensicn cultures,
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CHEMICAL CONSTITUENTS OF THE BARK OF
SANTALUM ALBUM LINN.

THE chemical constituents of tle sandal bark | ave
not been so far subjected to a systemalic chemical
examination. The present communicaticn gives a
brief account of the chemical constituents of the ben-
zene extract of sandal bark. The sandal bark was

also found to contain 14% of tanmns,

The air-dried powdered bark was subjected to
sequential extraction with petroleum etlher (60-80°),
benzene, chlercform, acetone and methanoi,

While the petroleum ether extract gave a waxy
material from which no pure compound could be
isolated, the benzene extract (2-3%; of yield) gave on
repeated chromatograply of its petroleum ether elute
over basic alumina, a crystallme solid (0<1-0-3% of
yield) m.p. 115-116° (EtOAc), [a]fj‘" -+ 20° (CHCl,)
identified (IR, NMR. and MS) as urs-12en-34 yl palmi-
tate', which was found to exhibit a phenomenal insect
growth inhibiticn and chemosterilant activitics®.
Topical application of this compound in microdoses
on freshly formed pupae of some forest insects (viz.,
Atteva fabriciella, Eligma narcissus, Eupterote gemij-
nata, etc,) produced morphcicgically defective adults
with crumpled wings and storter abdomen; these did
not successfully mate and lay eggs. Such ccmpounds,

of late, are becoming popular as *third generation
pesticides ’® in controlling forest pests witkout the

bad side effects of the common organic pesticides.

The benzene elute furnished a viscous yellow liquid
ester, which on saponification and purification of the
alcoholic product gave a crystalline solid m.p. 131°
(McOH), [a]'ﬁi“ — 41° (CHCl,) in a yield, of 0-19,
responds positive to  Liebermann-Burchard test

for sterol (pink — violet — green), characterised as
B-sitosterol by m.p., Co-TLC., Co-IR and it had



