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I.~ur Off cc of Naval. xr ’h program (Contract No . N( O(U)~— ’ — _ (~~~~~ , )
at the t i ivers i  ty c’~ ~3outhern Cal i fornia , Los ,~n~ eJ.es ‘o u n t ;y / l T n l  versit y of

~;out . h~’rn California ;.ledical Center hac t ’eeu a I~ ~1ily sI ’eessful and pvc —

ict~ v~ re~ ear ’h  on~Ieavo r . Through t h e  course of th e  contract pcr iodz a

considerable amount of basic knowledge has been obtai ned. This knowle~h~e

has been of importance to the biomedical communi t y ,  as we] .l as to the Na\ry .

u allu tion , an encouraging a:nount of applied data have been obtained ,

:iuch cu~ which is he in~’; u t i l ized by the Navy or ~‘v othe r rovcrtvnental  and

~~~ vatr  agencies.

The success or the program , as reflected h y the more than (; O papers

anti ~~~ presentat ions by ~nemhe vs of the  staff over the past ecade , can

he attri buted to the continuous ONR interest i n  a discipl i ne In  w h i c h

long-term support i s  essential . The importance of these research pro r~css

t o  the Navy is reflected by the numerous inqui ries  the applicant receives

from ~en1or Navy off icer s  t t i r Ou gho I t .  the world. ‘~

lb ~~~ i 
i, s

1 ’ I \ m ~hIN TO DATE ~
_..

~~
_ _.__ ..

~~~~ -

i n r ~ n~ the pas t . 2~ month s , we have concerned ourselves with four

~encrai areas : l)J the  ~euera1 biology of certain venomous marine fishes

of nui sance i~nportance to Navy personnel; ~ ) ‘thc chemistry and electron
— -——

microscope appearance of the skin of certain fi shes-~ h ich hav6 recently

~be~~ found to he toxic; 3)~’the u ltrastructure of the venom apparatus of

the stingrays and scorpion fishes ’~~nd~ .. I# )”the chemistry and pharmacolo~~~~~~M~~
~~~~~~ o

of stingray and scorpionfish venom.
)

1’ ______) 
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We have also continued to evaluate the modes of treatment for cigua-

tera poisoning. There is evidence to indicate that during recent French

Navy manuevers in the Pacific, some navy personnel were stricken with

ciguatera poisoning. This entity is becoming of considerable importance

to navy personnel, as well as to food experts, commercial fishermen,

physicians and public health workers in the Pacific.
/

Further~jork on the chemistry of- the venom of th~~California scorpion-
&~~y t OI~%1 ~~

f is~~ indicate that sulfhydryl group s are required for the lethal activity

of t he venom. Cystine and reduced glutathione appear to have no signifi-

cant effect on this activityi until several days have passed. Cleland’s

reagent, an effective su.lfhydryl reagent, stabilizes the lethal activity.

The lethal activity is sensit ive to heat , oxidizing agents and extremes

of concentration and pH. The venom contains nonsignificant amounts of

proteolytic and phosphodiesterase activity.

When the crude venom is fractionated by gel filtration chromatography,

the lethal activity is associated with proteins having a molecular weight

of more than ILO ,000} From studies with Sephadex G-200 and Bio-Rad P-3O~~
~

the lethal activityc~ould seem to have a molecular weight of less than

2,000,000. Following separation on Se~ ..adex G-200, the semi-purified

lethal fraction has an IV in mice of 0.9 mg/protein/kg body weight,

while the LD;0 of the crude venom is 2.6 mg/protein/kg.’~~~ e venom can 
—

also be separated by ion exchange chromatography hut no lethal material

is detected on D~IAE-C.

Cellulose acetate strip electrophoresis studies indicate that the

semi-purified lethal fraction obtained from Sephadex G-200 consists of
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~i. re t a:~ one 1’rac~ I o n .  The lethal fraction is associated w i t h  ~noderat  ~iy

ne~ at.~ ve l ’, — c h a r ~~’i  co~ pone!lt :c of l a m e molecular wi hi. . ~t~:d i es e:npioy i

:~v~v~neeiect.rophoresi failed to show any signi ficaut protecti on a~-.n i n c t .

~nt. ’ .~ta venom by the ~~~‘rc i.ally pr ep ar ed an t i s er a  prepared a~ai us t

st e n e fi sh  venom.

Ph ~ ye  r.o~ of the seer p onfi sh Scorpaena t;u t t at.a has a pr imary ~s s —

carinic action on the rat atr ia and causes a secondary beta :t fteuer~~ic

st.i”niiat. ~u. The primary ct’[’ect is prob ihly dne to release of endo~~’nesc

ace tylcuol ne. The veno:~i does not appear to contai  n acetyicl ie l  I ne—l1h.~

co~pouent.c hI l t .  causes the release of endo~ enoI :c  ac ’t c l  chd inc • I’he

scco!l~ary positive venom response can be I r ih i  b t e l  by ~‘i t ,her a beta

ad roner i blocking aL~en t. or by depict i rig e n de .~e n on n o rep~ nephr l ne wi t.

reserpine. ihe venom appears to release both enI1o~, t ’nous acety lcho1 i f l ’

catechola~’i1nes , although the ~~ ‘ u i i sms appear to be cepara 4 e . The venoi

nro dnces few chances in the  ~;:uinea pig ehr en i  ~ f l e r v e — d i  ap~ ra~~ preparc t .  011

I t has a mild , direct .  liemolytic effect , in v i t ro , but doe s uct affect.

the  blood clotting ~: s tems , I10~ dOes ~t appear to produce si~~n i f i e an t

hemolys~ S in thy Jo1

Joorp ionl’ish venom produces an immediate hypotensive crisis , when

injected I ntravenously , al thon t ~h pressure returns to control v~U nec wi th in

(~~ seconds of the injection. During t .h i~ period of arterial hypotension

ie heart rate remains st ah l  c but bradycard ia develops about ~O see.ndo

at’tcr the lowest pealc of the cr is~ ~ is reached .  The dec lin e  in arterial

pressure may result fro~- action on both the myoc:Lrd i~nr. and peripheral.

vasculature , both of  which were demonstrated . ~hanyes I n  t h e  pulmonary
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arterioles were also observed and their mechanisms studied.

Studies on the venom secreting tissues of ;. guttata indicate that

the principal secretory cells correspond in detai l to the cosi nophilic

cells described by F~ussell and Lewi s (i~
)’h~). The nuclear profiles are

slender and contorted, strikingly different from the deeply-stained

ovoid nuclei of the interposed connective t i s sue  cells , which extend

in strands between the basal surface of the secretory epithelium and the

superficial epidermal cell layer . The cytoplasm of the large secretory

cells is optically homogeneous , except for two conspicuous t ypes of

i nclusion . The f i rs t  consists of small unstained vesicles , generally

arranged in groups , anti alway s much smaller than the nucleus , ranging

in  size down to the l imits of resolution of the light aicroscope . The

second type of I nclusion is  circular or ovoid in  profile , often larger

than the nucleus and occurr ing  eithe~ singly or in small numbers within

eac~ cell .

Electron micrographs reveal that the elongated nucleus is set in a

finely grandular cytoplasm. The fine  cytoplasmic vacuoles are membrane-

limited, containing a variety of cellular debris  and are evidently

“isolation bodies ’ or cytolysosies. The larger inclusions , seen as lightly

stained bouies in the light microscope , are conspicuous in electron micro-

graphs of these cells; they arc revealed as membrane-limited vacuoles ,

several micra in diameter , filled with microtubular profiles. Morpho-

logically similar components are often seen in animal and plant cells ,

and hitherto been described as either intranuclear (associated with the

division spindle) or free within the cytoplasm, but never sequestered
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within a membrane-limited cytoplasmic compartment. Within tl:e vacuole,

th e  microtuhules are curved, and present a swirling pattern , conforming

to the  spheroidal l i m it s  of the enclosing vacuole . Within  each vacuole ,

the concentration of microts.bular profiles Is greater than in any o th er

:;ource , and a vacuole of average d i a m et e r  (7 pm) was estimated to contain

~C ,d~ C profiles.

a the  sh i n  of the soarfi  sh ,;r.rmn i sh e  re xli neat :s, three secretor:

cell t ;ypes were found to be present w i t h  d i s I d  : i c tly  different  cell eon-

The f’i r st . .~eli t.’.m’ ~~i) i s cioi ~~~ and scu i t a i  ns ah :indant

Cv” Q;eaecns , ‘ g lassy cosi ron 11 c m a t y r i  al . hi ma t er i a l  i s Pad and

dodan Plach aegativc and the ceU does riot appear to correspond to the

1 or mc 2 cells of ilandail et al. The s~ eo~iJ cell type (sc,~) is

smaller , concent ra t ed  at the c r rr ace  of’ th e  ep i der~ i and also co n s

ccci nophili ‘ hornogene .‘ ‘ ia h& ’~’i al, hi t thi I s la,; nc’s ye aii’l JP n~ .

t vs • Th~ ci cell is the mc 1 s, ’U o~’ dandall et u i .  The t~ rd sell t ’Te

is ci ‘d.lar to t he  soars ’ l’s gr,sn i iar  cord e a t s  whi  sh are lAd ue1 ut~ ye

and dl pc’s I ti’-e . It appears to he t he mc 2 of .h ,ni iai  el al.

The multi cellular 1 ai Jan i emp t y to the ci: ‘n ’ n’c vi a a lust

The lining cells of the  duc t  ave cimi lar to the ‘~l.ong:it ed epi thel  I

c ‘11:: of the ep i derni ii and arc best Jeccr  l e d  as squamon c . ii gland and

di ic t a: e also vacuolated cells which centai n lAd negative , :ib positive

mate r i al. . The glands seem to be it :ni ted to t i e  uppe r lerri i  s, above t h e

scale insertions. We have dec .~ gnat,ed th’s” land:; a ;  secret cry g la  h:

type 1 (3G1).

The multicellular glands , contain eosinophilic nat .c ’l  a1 i n  the lec’~

ii between scale i usert ion s. This second type of gland (d~h ’)  also

ft—~ .~~~~~~~~ . .~~~~~~~~~~~~~~~~~
_ .  - -



c c : : .  :s lAd ;:c.~at ‘. c ’ , dh ; O:;ittv,’ :at ‘:‘ia~ . .~i t ~~~ it Ic; p ’ : c ’ t t l e

I lc  ~d i  ug fi’o : t y  h ’ :  er :1 e l I  d a r  1 and s ~~),
aye fe ni l no sofia’ s ~ 0115 l e t  i,oen ‘ I~~o. floy~’v’r , we n o  ot ’;:, ’rvc l

ui—walled dust l~’ cd r ~~c t . :  ‘ i s  a” ; i~~ 
‘rem the deepe r d e r m I s .

A low — r ~wei’ e lee von :s re , “L ’ h of :e :‘ dorm s :ows t roe to

ef csre~ err s oI l s .  l~~ ci O~~V1 O:S t at t i , ’ ‘c c ; !  dermul : , ‘‘n ’to ’~

cells have dl it, I tic hi l i t ’ :‘er ent co nt e n t  . r~ :; hl t 1 on , . h’ ’~ cell s cent  a.i n

a rat i : e of d l . ft’erent :1 ned ~i a n ;1oc , c:igg est .i  :ig a , t: ’q ‘:c:il ui development.

‘tn”  ;raamlar mat e v ia l  int o 1 ui’; or a ‘re at e  s. has’d o:i I he gr anule

ci  as , w’  ha ve iat ela’d t he se  cell dC 3a , 1’ and c. d~’1 c~ lls also show

d i  f f e ren  t ts:po ot ’ ~raniiles . a cell conta i n

smooth t’ n o ly  e~ran :la~ con tent s , wh i  ie h’l I arc t I  g! t lv pached w i t h  mi nute

sp her es  w i t  : ‘‘l u ’t r e u — l  cen t  cen te r : :  ~he contents of dC’ are

t o  I l  ‘ e ’ ; ;’:~ . The m a t e ’ !  al is q;iI he el, ’c I ron dense :e~J ar ’pe:Lrs to Ic

.‘cntai nod a c’j heri cal :xiehe I v ch are co—pvc sce’. :u’~d I ’iattcned b y

‘l ow ; : 1 ’ .



p.- — ‘ ‘—“ —~~-~~ . ~~~~~~~~~~~~~~~~ 
-‘, .‘-. -- - -~~~~~~~~~~~~~~ , -— -- — -

,--
~~~~~~~~~ -~~~~~~~

1’: l : : ~’A l’ .~.

1) ::sc’’il , ~ • ‘ . I rmacel c’~ v e~ t ext t i c  01 “15 1’ ! ne o ’! gi r i .  ‘ i t , ‘ i f ’ ’-

I o tal F~::cv ‘1 credia of 1’liarmacol ~’i ’, ,’ t ual h: ‘r apeuti en  • dee l i o n  ‘1

Ic ! . ~, . .a;~~cva , d .  ) p .  3—1l~ , Ft ’r ; ’,umo ;; I’ ~’e : ;  : ~xford .

I • F. ~~~. Ver.on lot ce’.il ng. i l  l i t  in  of d :I ’ ; ’ i e m e u t : t t ’ y  - a t c ~’i :tl

I a ‘1 in ! sal hex ice! e, ’, ’,’ . - a  lv . ci ’ :~ ec~ :e st.ei’, l~~, I

~
) ~s::’iI , i .~~. and ~,,h: r l s o n , h . k .  ‘S tt r in e  ovg:u ] !c:nc ’ .  n , !“ !ol t ”gy

ooh . l i. ~u , l’ . L .  and i’itt ’;ic r , ‘ .d . ~, edc . ’) , I’ . ‘‘ J- ’— ’.~ ’ . i” ..\ . d . !’ .h . ;

~~ ::h~ i f  cu , d.C.

!;~~~;sl 1, F . !. i’ re’: n t  i o n  ari d treatment of i’o;i c n o i c  an i ;nnl i n i : :r i  en

!‘ xi ’~’r io n t la  ~~~ h— id.

5)  dm1 t h , P . • , f avor , ! • 1 • an !  ni ’ll , i’ . • !!t’mhran ~’ — ii;:: i t ed  :ni c “o—

t ‘ol’niar ag~ i’egat cc in the venom secret, ing  cells of a st. I igray .

‘ C x i  5011 1.’, ~~1 —

i )  !~ussel  I , F. 1’! • and C’u’l son, R .14 • del lvi ’ i sh nt 1 1115 .  ri , .‘ ir reu  I d  :cran\.

f orm , I. P • e l . ) , p. ~ —~~ , w .  . Saunders Co. I i i  I lade! ph i  a .

7) !~usce1i , ~ . I’l . l ’o I son ot ic  arid vt ’no’nO is tsar i me an i ‘ia] and t i e  1;’ 1 cx! I i : .

I n ;; • ‘
~ .Y . •~sa’! • :h’ I . ‘h~ , ~‘7

t~) :1:15 sell , F. • C I ~-u u t - e r a  poisoning : a report of 3’i cant ’s. dcxi con 13,

,Th,
~— 

-
~P .

~ d:tss’l I , F. E. V~’ ;eme :c b ite s and cti.ngs . in , the  :~ ‘rck lanual . ‘1 ~t Ii

~!di ~~~~ ‘ie rh ”W , . 1, 0 1 . ) ,  L2lIapt t’r II , p. l°~.’—i ‘ ‘~~~ , Th’r ck , :;l’s~r’g r ind

do ’rue ~~~‘ s~’a ;‘ ch 1 al ot’ri t  erie ii : haliway , ~ew d ei’ecy

10) ‘ ac , !~.1. ’. , lu’ ’ er , J.T., d’tsst ’il , F.E.  and 1ani~ir’iet .c , Y . l i t  r i —

cI. r i’t In’ of the skin of t h e  soap;’ i sli ~ramm I ste ii :;t ’Xi I ue;tt .iis . I n

An i~a1, Plant and f t  ‘rot’i al . ~osetil’erg , . o1 .  ) , p.
1’ergamon Pr ,’;~:: Oxford .



‘
~~~~~

“
~~~~~ 

~~~~~~~~~~~~~~~~~~~~~ - —
~
—---

~~.
—

~
-
~

—— ‘ —— ‘—

j
11) Jsti t h , C . ; ., ‘:tyer , 11.1 ., R u ssell . h .P. an: htlt ;; , ~~~ l I nt ’ s t iu t c-

t ut’ ~ ot ’ i~t n~~i’av st ’I to ’ ~‘p l ~ lerm i w I c:’’.’ !:tl ;‘t’l ’ei’t !flce to a ‘ni l quo

I c’n ’t al t: ] an’ L’o.:Ipcnent. 0!’ \ t u i o” i  c . ’ ;‘e! I ; :g c !  . In , T o x i n s :  An i :al

l ia;t I asiC ! I i ’  re! I ui , ~o n ’nl ’er.~, . ed. ) , - . ‘n”~ — Cl’ , }~~ !‘garon I i ’ ’ s:

Cx!’crd

1~ ) l I t  c c c i i , F. F~ • d i i i  m:t l venou s • :~~, } r ’ ;L ’~ (~~~‘e Cl’ It ’Ll i c i  t i e .  t~O1 1 e v

• :;, ~. e~~ ) , t e l  . I \ , .‘ st in  r ~C, . I — ‘ , - as’l’e;’ anti Cow : t i  ‘‘ ‘ ‘v . ,

!-!arv irind

1 1) h:5; cell!, , F. P . A’;’i’~ c!;’ a], cii “tar t  me vonemes :n ci t i es. ‘ a , l”cre ; i s l ’

I- IcC!~’! me • “ode s~’i i !  , ¼’. C. , h h~’~’t , P.2. an t i  !‘0¼1t ’:;¼ ’t : l  , 2.. • o t i s.  )

Il , ‘hap t ci ’ (~~, p. 1: 1’’ — I I~ J , w. B. Ca riders do , : Ph i  I r ide l  ph!  a .

‘4


