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A n  o r a l  a d m i n i s t r a t io n  o f  f u n g a l  p o ly s a c c h a r id e
s ch izo p h y lla n  h a s a u g m en ted  p ro te ctive im m u n e  re-
sp o n ses to  S en d a i v iru s in fec tio n  in  m ice a n d  th e ro d -
sh ap ed  D N A  v iru s o f  Pe n a e u s ja p o n icu s (RV-P J ) in fec -
t io n  in  K u r u m a  sh rim p s. W h e n  sc h izo p h y lla n  wa s ad -
m in istered  o ra ll y  at  a  d o se  o f  5 0  or  1 0 0  m g /k g  b o d y
w eig h t  p er  d a y, th e su rv iva l ra tes af ter v ir u s ch a llen ge
w e re  s ig n if ic a n t ly  h ig h e r  th a n  th o se  o f  th e  c o n tro l
gro u p s. H ig h  p h a g o cy tic  a ctiv it ies w e re  o b served  in  th e
h aem o cytes o f  th e sc h izo p hy lla n -fed  sh rim p s. T h ese  re-
su lts  su g gest  th at sch izo p h y llan  c on fe rs effect iv e p ro-
tection  a gain st  viral in fectio n  by in crea sin g an tiv iral  im -
m u n e resp o n ses, a n d  th a t it  co u ld  b e u se d  to  b o o st  im -
m u n ity  to  v ir u s in f e c t io n  in  a n im a l s o r  in  inv e rte -
b rates.
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Introduction

S ch izo p h y llan  is  a  water-so lub le,  n o n -io nic  p o ly sac-

charid e  p ro d u ced  ex trace llu larly  by  th e  fu n g u s S ch iz-
o p h yllu m  co m m u n e  F ries. I t  co n sists  o f a  m ain  ch a in

o f (1 ® 3 ) - b - D -g lu co se  resid u es su b sti tu ted  a t 0 ±6  b y

a  sin g le -u n it  b - D -g lu co sy l resid u e , w ith  a  side  ch a in

o f  a  b -1 ,6 -D -g lu co sy l g ro u p  a t  every  th ree  g luco se

residu es of  th e  m ain  ch ain  [1] . S c h izo p hy llan  has an ti-

tum o r  and  an tim ic rob ia l ac tiv ities,  m ed iated  by  st im -

u la tio n  o f  th e  h o st  im m u n e sy stem s [2 ,3 ] . S ch izo -

p h y llan  is w ell  k n ow n  in  Jap an  as a  b io lo g ica l re -

sp o n se m o d ifie r in  c l in ical  u se  [4 ].

I t h as b een  re p o rted  th a t sc h izo ph y llan  ac tivates

h o st-d efen se  sy stem s su ch  as m acro p h ag es, n a tu ra l

k il le r  cells , an tib od y -d ep en den t ce llu lar  cyto to x ic ity

an d  cy to to x ic  T  ly m p h o cy te s. T h ese  im m u n e sy stem s

also  p rov id e  an  im po r tan t leve l  o f  p r o tectio n  aga in st

v ira l  in fectio n  [5 ,6 ] . T h e re f o re , sch iz o p hy lla n  h as

p o ten tia l  u se  as an  agen t to  in crease  p ro tec tive  im -

m u nity  a gain st v ir a l in fec tio n .

R ecen tly, in fec tio u s v ira l  d iseases h ave  o ccu r re d

freq u en tly  wor ldw id e  in  cultu re fa rm s of  som e an i-

m als, fishes and  sh r im p s. In  Jap an , a  new  acu te  v ir a l

d isease  was id en ti fied  in  1 9 9 3  at sh r im p  farm s an d

h as cau sed  severe  lo sses to  sh rim p farm e rs .  T h e  cau s-

a tive  agen t w as a  ro d -sh ap ed  D N A  v iru s o f  Pen a eu s

ja p on icu s  (RV-P J) [7 ].

H ere  w e p resent d ata  o n th e  o ra l ad m in istr a tio n  o f

sch izo ph y llan  an d  th e  im m u ne respo n ses to  S end ai

v irus in fectio n in  m ice  and RV-P J in fectio n in  sh rim ps.

M aterials and methods

Schizophyllan

S ch izo p h y llan  w ith  a  m o lecular w eig h t o f 4 .6 ´ 1 0 5

w as u sed  fo r th e S en dai v irus ch allen g e te st, an d cru d e

sch izo p h y llan  fo r th e  sh r im p  te st. C ru d e schiz op h y l-

lan  is a  d ried  cu ltu re  b ro th  o f  th e  sch izo p h y llan -p ro -

d ucin g  fu ng u s S ch izo ph yllum  com m une F r ies. B o th

su b s ta n c e s  w e re  m a n u fa c tu r e d  b y T a i to  C o ., L td

(Ko b e, Jap an ) .

Sendai virus challenge test in m ice

S p ecific -p a th o gen - free , 3 -w eek-o ld  m ale  In sti tu te  o f

C an cer R esearch /C h ar les R iv er Japan  In c . ( IC R /C R J;

C D -1 )  m ice  w e re  trea ted  o ra lly  w ith  sch izo ph y llan

(1 0 0 m g /k g  b o d y  w eig h t p er d ay )  b y  a  feed in g  tu b e

fo r  5  d ay s. C o n tro l  m ice  we re  g iven  th e  sam e v o l-

u m e o f p h o sp h ate-bu ff e red  sa lin e  in stead o f sch izo -

p hy llan . T h e  m ice w e re  in o cu la ted  in tr an asa lly  w ith

4 .0 ´ 1 0 6  ce ll  in fec tio u s u n its (1 0  tim es th e  m ed ian

le th a l do se , L D
50

)  of  the  F u sh im i stra in  of  th e S en d ai

v irus. A f te r  v iru s in o cu la tio n , th e  m ice  w ere  fu rth er

trea ted  w ith  sch izo ph y llan  fo r  an  ad d it io n a l 2  d ay s.

T h e  pro tec tive e f fec ts  o f sch izo p h y llan  were  assessed

o n  th e  b asis  o f su rv iva l r at io s fo r th e  te st m ice  [8 ]. A

p ro to co l o f th e  test  is  sh ow n  in  F ig . 1 .

RV-PJ challenge test in shrim ps

Tw o  g ro u ps o f  K u r u m a sh rim p s (1 0 ±2 0 g ) , w ith  3 0

sh r im p s in  each  g ro u p , w ere g iven  n o n e  o r  5 0 m g
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cru de  sch izo p h y llan/k g  bo d y  w eig h t/d ay  in  the ir d ie t

fo r 7  d ay s. T hen  th e  shr im p s w ere  ch a llen g ed  by  in -

tram u sc u la r in jec tio n  w ith  0 .1 m l ex trac ted  fi l tr a te

fro m  ly m p h o id  t issu es o f d iseased  sh rim p s.

Phagocytic activity

H em o cytes w e re  o b ta ined  f ro m  th e hear ts  o f  shr im p s.

T h e  h em o cy tes (1 ´ 1 0 5  ce ll s/m l) w e re  m ixed  w ith

flu orescen ce-la b e led  latex  b eads (1 ´ 1 0 8  b ead s/m l)

in  K 1 9 9  m ed iu m  [9 ] . A fter  in cu b atio n  a t  2 5ÊC  fo r 3 0

m in , th e  n u m b er o f in g ested  b ead s  an d  n u m b e r o f

p h ago cy tiz in g  ce lls w e re  co u n ted  f ro m  any  2 00  cells

o b serve d. T h e  p h ag o cy tic  in d ex  was ca lcu la ted  a s:

(n o . o f  cells in gestin g  b ead s/n o . o f ce lls  o b served ) ´
(n o . o f b eads ingested /n o . o f  ce lls  o bserved ) ´ 1 0 0.

Results
Protection of mice by schizophyllan against Sendai
virus infection

Fig . 2  sh o w s th a t 5 0 %  o f m ice  tr eated  o ra lly  w ith

sch izo ph y llan  su rv ived  th e  v ir a l  p n eu m o n ia . T h e  su r-

v iva l  ra tio  w as sig n ifican tly  h ig h er th an  tha t  o f co n -

FIG . 2 . Protective effect o f schizophyllan (S) aga inst Sendai virus
in fection in m ice. C, con trol.

tro l m ice. T h e  efficacy  o f th e  ora l ad m in istra tio n  o f

sch izo p hy llan  w as alm o st eq u al to  th a t o f  in trap er i-

to n ea l in jec tio n .

Protection of shrimps by crude schizophyllan against
RV-PJ infection

Fig . 3  sh ow s ch an g es in  su rv iva l  ra tes a f te r  a  v ir us

challeng e  in  sh rim ps g iven  f o od  w ith  o r w itho u t c ru de

sch izop h yllan . T h e  fin a l  su rv iva l  ra tes w e re  3 7%  in

crud e  sch izo ph y llan -fed  shrim p s an d 1 0 %  in  co n tro ls .

T h ese results d em o n str a te  tha t  an  o ral  ad m in istr a tio n

o f c ru d e  sch izo p hy llan  in creases th e  d isease- resis t-

an ce  o f sh rim p s a ga in st  RV-P J in fec tio n  4 ±9  d ay s af-

te r  adm in istra t io n .

Phagocytic activity

Fig . 4  sh ow s th e  ch ang es in  p h ag o cy tic  ac tiv ity  of

sh rim p  h em o cy te  w h en  crud e  sch izo ph y llan  w as ad -

m in is t e re d  o r a l ly . T h e  p h a g o cy t ic  a c t iv ity  o f  th e

cru d e  sch izo p hy lla n - f e d  sh r im p s  wa s s ig n if ican tly

h ig h er  th an  th at  o f co n tro ls  (P < 0 .0 5 ). T h ese re sults

in d ica te  th a t sh rim p h em o cytes a re  ac tivated  b y  th e

o ra l  ad m in istra tio n  o f  c ru d e  sch izo p hy llan .

Conclusions

O n e basic  an d  im p o rtant stra tegy  to  preven t v iru s in -

fec tio u s d iseases is  to  in crease  th e  pro tec tiv e  im mu n e

resp on ses of  a  ho st. T h e  r esu lts o u tl in ed h ere  sh ow

FIG . 3. Protective effect of an  o ra l adm in istra tion  (50 mg/kg body
weight per day) of schiz ophyllan  aga inst in fection by the rod-
shaped DNA virus of Penaeus japonicus (RV-PJ) in Ku rum a
shrimps.

F IG . 1. Protoco l of Senda i virus-challenge test.
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tha t  an  o ra l d o se o f sch izo ph y llan  in d u ces a  pr o tec-

t ive  im m u n e resp o n se  aga inst  v ir us in fec tio n in  m ice

an d  ag ain st  RV-P J in fec tio n in  sh r im p s. T h u s sch izo -

p hy llan  m a y  h ave  p o ten tia l as an  im m u n e en h an cer

again st v ir a l in f ec tio n  in  an im als  o r in  invert eb ra te s.
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