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0.50 nm. Hence, onc would not see such contacts in
NOESY spcctra.

Thus, we conclude that prostatic inhibin acquires a
predominantly anti-parallel [B-sheet structure and
possibly the molecule is locked into several such sheets
through disulphide linkages.
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Cisplatin and ascorbic acid:
Synergistic antitumour effect against
Dalton’s lymphoma in mice

Suniti Sarna and R, K. Bhola
Department of Zoology, Gaubati University, Guwahati 781 014, Indta

Therapeutical potential of low dose of cisplatin alonc
or in combination with ascorbic acid was studied in
C;H/He mice bearing Dalton’s lymphoma. Sub-
therapeutical dose of cisplatin (3 mg/kg) was able to
increase the survival time of tumour-bearing mice
without any tumour-free survivor. Ascorbic acid
cnhances the antitumour cffect of cisplatin, resulting
in increased life span of tumour-bearing mice as well
as tumour-free survivors. The enhancement of cis-
platin-induced tumour growth inhibition by ascorbic
acid is probably due to the modulation of per-
meability of tumour cefl membrane which increases
the uptake of cisplatin into the tumour cells.

A number of side cffects of cisplatin like nephro-
tonicity, ototoxicity, ncuropathy and myclosuppression
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ar¢ widely described in various animals as well as in
humans'-’. Cisplatin-induced renal toxicity is the main
limiting factor for its clinical usc and can be partially
reduced by pretreatment hydration and administration
of furosemide and/or mannitol®, sodium 2-merca-
ptoethanc sulfonate” '%, nicotinamide or 3-amino-benz-
amidc'' and sclenium!'2, It is often not possible to
success{ully (reat tumours by increasing the dose level
of cisplatin because such therapy may be fatally toxic
though it reduces the tumour burden significantly!2 3,
Thus combination therapy with an agent which en-
hances the antitumour effect of cisplatin with little or
no enhancement of cisplatin’s toxicity is of value in the
treatment ol various tumours that fail to respond to
treatment with cisplatin alone. It has been reported that
nifedipine enhances the antitumour effect of cisplatin
(+ mg/kg) against the cisplatin-scnsitive murine amela-
notic mclanoma as well as Lewis lung carcinomal® 4.
Recently it has been reported that therapeutical poten-
tial of low dose of cisplatin (3 mg/kg) against Dalton’s
lymphoma s greatly enhanced when it is used in
combination with glucosc'? '%. The present studies were
underiaken to determine the combined cffect of ascor-
bic acid and cisplatin on the growth of Dalton’s
lymphoma In mice in order to find out the effect of
ascorbic acid on enhancement of tumour growth inhibi-
tion induced by a low dose of cisplatin.

C;H/He strain of mice-bearing Dalton’s lymphoma
originally procured from the Chittaranjan National
Cancer Research Instituic, Calcutta and maintained in
the laboratory by regular scrial transplantations was
used in all sets of experiments. The day of tumour
transplantation was taken as day 0. On the 6th day
mice-bearing palpable tumour was (reated 1p. with 4
repeated Injections of either 20, 40 or 60 mg/kg of
ascorbic acid The injections werc administercd On
alternate days. The survival period of tumour-bcaring
mice and the percentage of tumour-free survivors were
observed in each group (10 mice 1n eacClt group). For
combination therapy cisplatin was dissolved freshly in
balanced salt solution. Different groups of mice were
trecated with single 1p. injection of subtherapcutical
dose of cisplatin (3 mg/kg) along with repcated
injcctions of ascorbic acid (20, 30 or 60 mg/kg).
Cisplatin was injected on Gth day following tumour
transplantation. On the same day a single injection of
ascorbic acid (20. 40 or 60 mg/kg) was also given
followed by three repeated injections of ascorbic actd
on alternate days. The mean survival time of tumour-
bearing mice and the percentage of tumour-free
survivors were studicd in cach group of mice. ln the
cyperimental batch, the percentage of increased life
span was calculated by the following formula'’

Percentage of fncrcased lfe span = [(7- CYC = 100
7= mecan survival time of trcated mice, € = mean
survival time of untreated control mice,
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Tabie 1. Increased survival sme and percentage of increased Jife span of tumour-bearing mice after treatment with
ascorbic acid

il

Mean survival Increased 60/more than

tune in days* life span** 60 day Tumour-free
Treatment i SD (%) survivors®*s SUrvivors
None 1333 +£262 - _ o
20 mp'kg 19.66 + 419 48 - -~
ascorhic acid
40 mg'kg 18661 6.18 40 — -

ascorbic gcid

60 mg'kg 1366 + 5950 3 — 2

ascorbic acid

sincluding 60 day survivors

"{(T—-C):’C'] x 100; T: mean survival days of treated mirce
C: mean survival days of untreated control mice.
s2sNymber of susvivors out of 10 examined mice in g group at 60 days after treatment with ascorbic acid.

Table 2. Increased survival time and percentage of increased life span of tumour-bearing mice afler treatment with
cisplatin alone or in combination with ascorbic acid

Mean sorvival fncreased 60/more than

tire in days* life span** than 60 day Tumour-free
Treatment + SD (%) survivors*** SUTVIVOrs
None 13.33 £ 2 62 — — -
3 mg/kg 35.40 + 6.80 166 - -
cisplatin
3 mg/kg $1.67+ 602 287 2 4
cisplatin +
20 mg/xg
ascorbic¢ acid
3 mgkg $6.00+4.32 275 4
cisplatin +
40 mg'kg
ascorbic acid
3 mgke 66.50 + 1.50 399 b 5
cisplatin +
60 mg/kg

ascorbijc acid

*Including 60 dja;r SUTVIVOrs

so1(T-C)/C] x 100; T: mean survival days of treated mice
C: mean survival days of untreated control mice,
vesNumber of survivors out of 10 examined mice in a group at 60 days afler treatment with cisplatin alone

or in combination with ascorbic acid.

Tumour-bearing mice when treated with ascorbic acid
(20 or 40 mgrkg * 4) exhibited a slight increase in their
mean survival time compared to the control (Table 1).
When animals were treated with a high dose of ascorbic
acid (60 mg/kg x 4), there was no significant INCTEdSe
in their survival time; however, 20-25% animals
appeared as tumour-free survivors. Subtherapeutical
dose of cisplatin was able to enhance the survival time
of tumour-bearing animals, their life spaa incréased to
166% compared to controls. None of the animals was
found to be tumour-free. Therapeutical potential of low
dose of cisplatin was increased when combined with
different concentrations of ascorbi¢c acid. Mice trcated
with cisplatin along with ascorbic acid (20 or
40 mg/ke x 4) exhibited an increase in their mean

7940

survival time from 13 days in c¢ontrol to 50 days in
treated animals. Both the concenirations of ascorbic
acid in combination with cisplatin were able to produce
40% tumour-free survivors (Table 2). However, when
the dose of ascorbic acid was increased (60 mg/kg x 4)
and combined with subtherapeutical dose of cisplatin,
all the animals receiving such treatment survived
beyond 60 days, 50% of the animals appecared as
tumoui-free survivors without any sign of tumour and
its recappearance, the rest of them died at a later stage
exhibiting about 400% increase in their life span.

The present study has shown that vitamin C 1is
effective in treatment of Dalton’s lymphoma in mice if
combined with low dose of cisplatin. In the present
system complete regression of turmour was observed in

CURRENT SCIENCE, VOL. 65, NO. 10, 25 NOVEMBER 1993
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20-25% of experimental amimals when treated with
high dose of ascorbic acid (60 mg/kg x 4). However,
low doses (20 or 40 mg/kg x 4) failed to regress
tumour, showing no significant increase in the survival
time of tumour-bearing mice. Similar stimulation of
ascites tumour cell muldplication at low doses and
inhibition at high doscs has becen reported earlicr's: 17
using ascorbic acid or dchydroascorbic acid. Recently,
no {(herapcutical benefit in mice bearing CI300
ncuroblastoma has been rcporied after a single 1p.
administration of fow dosc (20 mg/kg x 9) of vitamin
E, although the concentration of vitamin E was
elevated in tissues and blood?®®. In the present system
antitumour activity of cisplatin was enhanced in mice
receiving ascorbic acid at different concentrations.
Animals receiving subtherapeutical dose of cisplatin
survived with tumour growth. Howecver, il has been
rcported earlier that therapeutical dos¢ of cisplatin
when administered in tumour-bearing mice was able to
produce 57% tumour-free survivors after 3—4 days of
treatment, the rest of them dicd after a few days due to
reappearance of tumour's, A similar type of tumour re-
gression has also becen reporied when mice-bearing
syngeneic fibrosarcoma was treated with single ip.
injection of cisplatin at therapeutical dose (9 mg/kg)?!.
It has been reported earlier that cisplatin when given in
a dose of 8.5 or 10 mg/kg induces a rapid increase in
the wurinary protein and glucose associated with an
increase in serum glucose and urea®> Systemic side
effects of cisplatin on kidney imjury have been
frequently reporied?®-25. Besides, significant reduction
in tumour burden, high dose of cisplatin result in
significant host’s toxicity'® {3 with a carcinogenic risk
at a later stage*®?? To avoid this risk and other side
effects in the present system, subtherapcutical dose of
cisplatin with repeated injections of ascorbic acid was
used 10 evolve a nontoxic chemotherapy of this tumour.
The most effective dose of ascorbic acid in combination
with cisplatin was found to be 60 mg/kg which has
given almost 100% tumour-free survivors up to 65
days. About 50% are still surviving without any sign of
tbvmour. Even low doses of ascorbic acid (20 or
40 mg/kg x 4) were found to be cfleciive when
combined with subtlhcrapcutical dose of gisplatin. This
shows that ascorbic acid somchow incrcases the
therapcutical potcntial of low dose of cisplatn,
resulting in complete regression of tumour in most of
the animals. Subtherapeutical dose of cisplatin alonc
resufted 1n an increase in the mcan survival time of
tumour-bearing animals without any tumour-free
survivor. It is belicved that the stimulation of helper T
¢cells by vitamin E might enhance the antitumour
activity of cisplatin®™, Vitamin E (20 IU/kg * 7 days)
has also been reported to cnhance bothh lympho-
prolifcrative reaction and the amitumour cffcct of
adriamycin®- 2%, This enhancemcny is probably due (o
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increasc in the intratumour vitamin E conten(*® which
acts at the sites on DNA or RNA of the tumour cells®
like cisplatin®'. It has alrcady been reported that
vitamin C decreases the rate of DNA synthesis??, From
these studi€s it 1s clear that in the present system
ascorbic acid cnhances the tumour growth inhibition
induced by cisplatin by modulating the permeability of
lumour ccll membrane, thus elevating the intratumour
conient of ascorbic acid. These ccll surface changes may
increase the uplake of cisplatin into the tumour cells
facilitating  the stronger action of cisplatin as an
antilumour agent.
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A rare condition of budding in
bipinnaria larva (Asteroidea)

P. Somanadha Rao, K. lHanumantha Rao and

K. Shyamasundari

Department of Zovlogy, Andiwa Uancraty, Visahbapatnam 530 003.
Inda

A rare situation of budding in bipinnaria larva was
cncountered in the planhton samples collected from
coastal waters of Visakhapatnam in 1987, Else-
where, paratomy is a rcgular feature of adult
flatworms and annelids. The phenomenon scems [0
be rather frequent and widespread. However, the
chances of cncountering the lamvace actually may
have been minimal. It may also be that very fow
hase had cnough opportunities to discern them
cloning. The present paper reports asexual repro-
duction through budding in cchincderm tarn ae.

ANMONG invericbrates the phenomenon of ascxual repro-
duction is wcll established i scveral phyla. Turbclla-
rians and some annchds like carthbworms or acolo-
somatids have remarkable power of regencration and
cloning. In some parasitic Natworms thecre 1s normal
lanal propagation by aschual reproduction. whercas tn
other groups hike coclenterates larval propagation takes
placc by transyversc fission. as in scyphistoma stage of
Aurelta. producing cphyrio lanac. In echinoderms,
asteroids reproduce by ascaual mcthod. A sca star may
break into two by what is known as fissiparity, cach
picce regenerating into a complcte individual. In our
study on planktotrophic larvac in the coastal watcrs of
Visakhapatnam wc came across scveral speciniens of
bipinnaria lanac prcsenting evidence of budding.

The first rcport on ascaual  reproduction In
cchinoderm Jarvac s that of Bosch ¢f of!. They
rcporied Lhe presence of lghly modified postcrolateral
armus in the bipinnana lan ac (of the sca star Lidia sp )
of the Gulf stream and the wesiern Sargasso sca in
Junc-July 1987. We¢ have found the same (Figure I)
in scveral specimens of bipinnana larva chcountered in
our samplcs. The asteroid identity of the bipinnaria in
our plankton collccuions (made 1n 1987) is, howevcer.
not clecar at present Typically. cach larva has two
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Figure 1. Bipinnara larva showing budding of postera-lateral anms
(BPLA)

fission zones, one on cach postlateral arm. There are no
ciliatcd bands. but rudiments of as-vel undeffcrentiated
put could be scen in cach. Bosch ef af have discussed
at Icngth the details pertaining to the origin, formation
and rclcasc of these [ission products. It has been stated
that at a stage when the stomodact invagination breaks
through the undiffcrentiated digestive tract. the epithe-
liom joining the primary and sccondary larvac
scparatcs and the sccondary larva s relcascd.

There is no doubt that an cxactly sinular situation
occurs 1n the bipinnaria cncountcred in our samplcs
This is the sccond report from the world and the first
from India on paratomy. or larval propagation by [iss-
ion. in cchinoderm larvac. Both reports of budding 1n
the bipinnaria arc from warm waters (The Gulf stream
and The Bay of Bengal). An cvolutionary sigmficance
from the point of view of hazards in thc complction of
lifc cycle and sunnval of race may be implicated

In the parasitic flukes. for instance. aschual repro-
duction 1n the lanal stages (sporocysts and reduic)
which are intramolluscan stages has dehinitcly sunnil
valuc for the specics. and this could be directly rclated
to hazards in the complction of lifc cycle Moricnscn”
had alrcady imphcd prolifcration by budding an
cchinoderm larvae.
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