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moving  bands, which appear  in chronic diseases as more 
f requent  and much  faster  t han  in normal  samples, remains 
unclear solar. Their  presence migh t  be expla ined by  the  
format ion of oligomers or by a disbalance in the  oxido- 
reduct ive  s tatus of the enzyme molecule. 

A similar s tudy as repor ted  herein has been published 
recent ly  23. 

Zusammen/assung. Es wird fiber e lektrophoret ische 
Untersuchungen  zum mikrosomalen E n z y m  Hexose-6- 
Phospha t -Dehydrogenase  (H6PD) aus menschl ichen 
Leukocyten,  P lazentagewebe und Leber  bei Gesunden 
und Kranken  berichtet .  Ferner  wird durch  Analyse des 
Enzyms  H 6 P D  bei zwei verschiedenen Glukose-6- 

Phospha te -Dehydrogenase  (G6PD) Ph/ i l lo typen gezeigt, 
dass die beiden E n z y m e  I-I6PD und G6PD beim Menschen 
nicht  gemeinsamer  genet ischer  Kontrol le  llnterliegen. 

K. G. BLUME, G. M. SCHMIDT, H. H. HEISSMEIER 
and G. W. L6HR 

Medizinische Universitdtsklinik, Hugstetter Strasse 55, 
D-78 Freiburg im Breisgau (German Federal Republic, 
BRD),  5 December 1974). 

23 L. A. ROSENSZAJN and D. JOSEPH, Biochim. biophys. Acta 36g, 
38 (1974). 

Lymphocyte Transformation Studies of Sea Mammal Blood 

A previous communica t ion  f rom this l abora to ry  1 
described a technique  for cytogenet ic  analysis of the  
dolphin (Tursiops truncatus). The following is a repor t  of 
studies on the  ill v i t ro  mi togen- indueed blastogenic 
response of lymphocytes  f rom Delphinidae.  To our 
knowledge,  these are the  first  in v i t ro  cellular immune  
studies repor ted  in sea mammals .  

Materials and methods. A male  and a female member  of 
each of t he  species, T. truncatus (dolphin), Orcinus orca 
(killer whale), and 1 male Globicephala melaena (pilot 
whale) were studied. These aqua t ic  mammal s  are capt ive  
specimens of an oceanar ium collection (Sea-Arama of 
Texas,  Galveston,  Texas).  Per ipheral  blood from each 
animal  was drawn by venipunc ture  into a sterile heparin-  
ized (20 l lni ts /ml  of blood) syringe. L y m p h o c y t e  cultures 
were established by  a me thod  similar  to t ha t  used for the  
s tudy  of human  peripheral  blood lymphocytes  2. Tr ipl icate  
cul ture tubes conta ining 0.1 ml  of heparinized whole 
per ipheral  blood in 3 ml  of m e d i u m  were innocuta ted  wi th  
ei ther  0.1 ml  phosphate-buffered saline (PBS, control  
tubes), 0.1 ml of 1:2 di lut ion of phytohemaggtu t in in-M 
(PHA, Difco Laborator ies ,  Detroi t ,  Michigan), or 0.1 ml 
of pokeweed mi togen (PWM, Grand Is land Biological  
Company,  Grand Island, New York). The  cul ture med ium 
consisted of Ear le ' s  min imal  essential  med ium (MEM) 
supplemented wi th  20% hea t - inac t iva ted  fetal  calf 
serum, 50 ~g erythromycin ,  200 ~g s t reptomycin,  and 

Table I. Response of peripheral blood cultures from the killer whale 
(0. orca) to in vitro exposure to PHA 

Day of assay PBS (CPM) PHA (CPM) SI ~ Cell viability (%) 

3 77 b 3179 40.7 83 
118 c 4049 34.3 79 

5 220 5011 22.8 72 
353 6864 19.4 76 

7 138 4359 31.6 60 
412 4655 11.1 62 

10 289 3306 11.4 36 
78 2086 26.7 40 

14 330 395 1.2 30 
416 393 0.9 36 

1.5 tzg sodium bicarbonate /ml .  Af te r  2 to 13 days of 
incuba t ion  a t  37~ and 5% CO 2, 0.5 aCi of t r i t i a ted  
thymid ine  were added to each cul ture tube. Approxi-  
ma te ly  24 h af ter  labeling, the  cells were washed twice 
wi th  dist i l led wate r  to lyse the  erythrocytes ,  and the  cell 
pellet  was prec ip i ta ted  wi th  3 ml 5% cold t r ichloroacet ic  
acid (TCA). The prec ip i ta te  was then  washed wi th  
me thano l  and digested wi th  0.2 ml  of 0.1 N sodium 
hydroxide.  10 ml  of scint i l la t ion cocktai l  consisting of 4 g 
of B u t y l - P B D  (Beckman Ins t ruments ,  Fuller ton,  Calif.), 
100 mg of P O P O P  (Packard In s t rumen t  Co., Downer ' s  
Grove, Ill.), and 100 ml  Bio-Solv  BBS-3  (Beckman)/1000 
ml of scint i l la t ion grade toluene (Beckman) were added 
to each tube  at  least  2 h before count ing in a Beckman  
LS-150 counter .  The  counts  per  minu te  (cpm) of t r ipl icate  
tubes  were averaged and the  specific incorpora t ion  (SI) 
of t r i t i a ted  thymid ine  was calculated by  the  formula  
SI = cpm/cont ro l  cpm. In  some experiments ,  addi t ional  
cul ture  tubes  conta ining only blood and med ium were set 
up for cell v iab i l i ty  studies. On the  day  of ha rves t  these 
cells were washed twice wi th  PBS,  and v iabi l i ty  was 
de termined  by  t r y p a n  blue exclusion. Addi t ional  studies 
were run  to demons t ra te  t ha t  the  specific incorporat ion 
results were ac tua l ly  due to thymid ine  incorpora t ion  in 
blastic and mi to t ic  cells as had  been found in o ther  
m a m m a l i a n  species tes ted by  l ymphocy t e  t ransformat ion.  
Autoradiographs  of dolphin  blood were done at  5 days on 
P W M  s t imula ted  ceils a t  t he  same t ime  as tubes  were 
harves ted  for morphological  counts  of t rans tormed cells 
and tubes for l iquid scint i l la t ion counting.  Culture of 
lymphocytes  were labeled 24 h before harvest ing.  

Al iquots  of the  cell sediment  f rom t r ip l ica te  tubes were 
carefully smeared on hemato logy  microscopic slides for 
s ta ining (Wright 's) .  Counts of t ransformed ( lympho- 
blastic) and mi to t ic  cells/I ,000 cells were read in tr ipl icate.  

Rad ioac t ive  labeled blood smears on glass microscope 
slides were immersed at  40~ into a 50% solution of 
Kodak  NTB-2  nuclear  t r ack  emulsion and deionized 
dist i l led water .  The  slides were then  room dried and 
stored in l igh t - t igh t  boxes for 40 days exposure to  the  
rad ioac t ive  label.  They  were then  developed a t  17 ~ in a 
Dekto l  solution, f ixed wi th  Kodak  acid fixer, and then  
washed in deionized wate r  at  17~ After  drying, the  

SI,  specific i nco rpo ra t i on  of t r i t i a t e d  t h y m i d i n e  = CPM P H A /  
CPM P B S  (SI~>3.0 = posi t ive) ,  b T o t a l l e u k o c y t e c o u n t  = 5 ,600/mm3;  
di f ferent ia l  = 32% m o n o n u c l e a r  cells; 6 8 %  p o l y m o r p h o n u e l e a r .  
o To ta l  l eukocy te  c o u n t  = 7,000/raniS; d i f ferent ia l  = 25% mono-  
nuc l ea r  cells; 75% p o l y m o r p h o n u c l e a r .  

1 N. PRASAD, D. M. MU,~.~EORD, P. B. BARSALlgS, T. WH[TI~IAN a n d  
J .  R.  WILBUR, E x p e r i e n t i a  26, 1167 (1970). 
D. M. MUMFORD, P. t3. BARSALES, C. E. FLOWERS, JR., J .  R.  WIL- 
BUR a n d  R. H.  EPPRIGHT, Fedn .  Proc .  29, 369 (1970). 
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Table II. In vitro response of pilot whale ((G. melaena) a lymphocytes 
to PHA 

Day of assay PBS (CPM) PHA (CPM) SI b Cell viability (%) 

3 155 259 1.7 87 
5 431 495 1.1 71 
7 229 853 3.7 55 

10 131 137 1.0 44 
14 152 127 0.8 35 

Total leukocyte count = 8,400/mm3; differential = 26% mono- 
nuclear cells; 74% polymorphonuclear, b SI ~ 3.0 = positive. 

Table III. In vitro response of dolphin T. truncatus peripheral blood 
cultures to PHA and PWM. 

PBS (epm) PHA (cpm) SI/PHA PWM (cpm) SI/PWM 

a) 62 7,432 119.9 14,314 230.9 

b) 85 1,236 14.5 4,349 51.2 

a) Total leukocyte count = 13,200/mm3; differentiM = 30% 
mononuclear cells; 70% polymorphonuclear, b) Total leukocyte 
count = 12,000/mS; differential = 30% mononuclear cells; 70% 
polymorphonuelear. 

p r e p a r e d  slides were t h e n  s t a ined  in a bas ic  so lu t ion  of 
P a r a g o n  mu l t i p l e  s ta in ,  e x a m i n e d  a n d  p h o t o g r a p h e d  
w i t h  a Le i tz  O r t h o p l a n  microscope.  

Results. P e r i p h e r a l  b lood  cu l tures  f rom b o t h  t h e  ma le  
a n d  t h e  female  kil ler  whales  r e sponded  well  to  s t i m u l a t i o n  
b y  P H A  (Table  I). A m a x i m u m  response  in  t e r m s  of 
specific i nco rpo ra t i on  (SI) occur red  a f te r  a 3 d a y  cu l tu re  
per iod.  I n  t e r m s  of c p m  of t r i t i a t e d  t h y m i d i n e ,  t he  
response  was m a x i m u m  a t  d a y  5. However ,  t h e  back -  
g round  i nco rpo ra t i on  of i sotope (cpm PBS)  was h ighe r  a t  
t h i s  t i m e  also. B o t h  c p m  of P H A  cu l tu res  a n d  SI could be  
seen to  decrease  w i t h  t i m e  as t h e  p e r c e n t a g e  of v iab le  cells 
decreased.  P e r i p h e r a l  b lood  cu l tures  of t h e  p i lo t  whale  
(Table  I I )  e s t ab l i shed  u n d e r  t h e  same  cond i t ions  an d  on  
t h e  same d ay  as t h e  ki l ler  whale  cu l tu res  m a d e  on ly  a 
poor  response  to  P H A  ( m a x i m u m  SI of 3.7 on  d ay  7). 

I n  a d d i t i o n  to  P H A  s t imula t ion ,  d o l p h i n  b lood  samples  
were i n c u b a t e d  w i t h  P W M  (pokeweed mi togen) .  Th i s  
s u b s t a n c e  m a y  p r i m a r i l y  s t i m u l a t e  t h e  ]3 cells of t he  
i m m u n e  c o m p a r t m e n t  3. P e r i p h e r a l  b lood  cu l tures  of b o t h  
t h e  ma le  a n d  female  do lph in  r e sponded  well  to  b o t h  P H A  
a n d  P W M ,  w i t h  a m a x i m u m  SI response  to  b o t h  mi togens  
on  d a y  5 (Table  I I I ) .  T h e  response  of b o t h  do lph ins  to  
P'vVM grea t ly  exceeded t h a t  of P H A .  Th i s  is in c o n t r a s t  
to  our  exper ience  w i t h  h u m a n  ~ a n d  mouse  8 l y m p h o c y t e  
cul tures ,  in  wh ich  t h e  SI  a n d  P H A  cu l tu res  m a y  be  severa l  
t i m e s  g rea te r  t h a n  t h a t  of P W M  cul tures .  

C o n c o m i t a n t  cu l tu res  of d o l p h i n  blood co u n t ed  for 
t r a n s f o r m a t i o n  a n d  m i t o t i c  indices  revea led  a 5 3 - 7 0 %  
ra t e  of s t i m u l a t i o n  in P W M  studies .  A u t o r a d i o g r a p h i c  
ana lys i s  showed  labe l ing  of l y m p h o b l a s t i c  ceils w i t h  
p r o m i n e n t  nucleol i  (Figure).  In te res t ing ly ,  a ra re  cell, 
t h o u g h t  to  be  of t h e  e r y t h r o i d  series, was  found  w i t h  
g ra in  counts .  

Discussion. A l t h o u g h  s tud ies  on  t h e  i m m u n o g l o b u l i n s  
of aq u a t i c  m a m m a l s  h a v e  been  reported~,  we could f ind  
no i n f o r m a t i o n  on  t h e  l y m p h o c y t e  t r a n s f o r m a t i o n  response  
of these  animals .  Us ing  a whole  b lood cu l tu re  t echn ique ,  
s imi la r  to  t h a t  used in  our  l a b o r a t o r y  for t h e  s t u d y  of 
h u m a n  l y m p h o c y t e  t r a n s f o r m a t i o n  3 we were  able  to  show 
t h a t  in  v i t ro  cu l tu res  of l y m p h o c y t e s  f rom b o t h  t h e  kil ler  
whale  (O. orca) a n d  t h e  d o l p h i n  (T. truncatus) r e sponded  
well  to  t h e  m i t o g e n  P H A .  P H A  h as  been  shown  to 
specif ical ly s t i m u l a t e  t h e  t h y m u s - d e p e n d e n t ,  or T cell, 
p o p u l a t i o n  of l y m p h o c y t e s  8. A l t h o u g h  p r e p a r e d  t h e  same  
d a y  a n d  u n d e r  t h e  same cu l tu re  condi t ions ,  for reasons  no t  
easi ly a p p a r e n t ,  l y m p h o c y t e s  f rom t h e  p i lo t  whale  
(G. melaena) r e sponded  only  poor ly  to  P H A .  The  reason  
for t h i s  di f ference is n o t  obvious,  s ince t he re  was no 
dif ference in l eukocy te  v i a b i l i t y  b e t w e e n  t h e  p i lo t  a n d  t he  
kil ler  whales ,  an d  t h e  t o t a l  an d  d i f fe ren t ia l  l eukocy te  
coun t s  were s imilar .  

A l t h o u g h  a m a t t e r  of c u r r e n t  deba te ,  t h e  response  to 
P W M  (a m i t o g e n  w h i c h  is t h o u g h t  to  s t i m u l a t e  p r i m a r i l y  
t h y m u s - i n d e p e n d e n t ,  or B cells 4) was  s tud ied  on ly  in t h e  
do lphin .  D o l p h i n  Iymphocy tes ,  in  c o n t r a s t  to  those  of 
h u m a n s *  a n d  mice  3, were  s t i m u l a t e d  to  a g rea te r  degree 
b y  P W M  t h a n  b y  P H A .  No r e a d y  e x p l a n a t i o n  is avai lable .  

Autoradiograph (40 days) of PWM stimulated dolphin lymphocyte 
(center). Note heavy nuclear grains and visible nucleoli. 

G. D. STOCKMAN, ~[. T. GALLAGHI~R, L. R. HEIM, i~. A. SOUTH 
and J. J. TRENTIN, Proc. exp. Soc. Biol. Med. 736, 980 (1971). 

4 Unpublished results. 
D. R. NAs~I and J. p. MACH, J. Immun. 107, 1424 (1971). 

6 G. E. RODEY and R. A. GooD, Int. Arch. Allergy appl. Immun. 36, 
399 (1970). 
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Al though  on s ta ined t r ans fo rma t ion  smears  and  radio- 
graphic pr ints ,  a rare, labeled e ry thro id  series cell was 
found,  i t  is no t  t h o u g h t  t h a t  th is  even t  con t r ibu ted  
s ignif icant ly  to t he  to ta l  cpm found in the  P W M  st imu-  
la ted dolphin  tubes.  If  a cons is ten t  f inding, the  different ia l  
PHA,  P W M  response deserves  fu r ther  inves t iga t ion  in 
grea ter  number s  of sea mammals .  

Zusammen/assung. Ers te r  Nachweis  der  in vi t ro-  
S t imula t ion  per ipherer  B l u t l y m p h o z y t e n  bet Meers~ugern 
durch  Phy toh / imagg lu t in in  und ~pokeweed~>-Mitogen. 

D. M. MUMFORD, G. D. STOCKMAN, 
P. B. BARSALES, T WHITMAN 
and J. R. WILBUR 7,8 
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Defect ive  R i s toce t in  and Bov ine  Factor  V I I I - I n d u c e d  P la te le t  A g g r e g a t i o n  in N o r m a l  Rats  

Recen t  work  has indica ted  t h a t  h igh molecular  weigh t  
factor  VI I I - r e l a t ed  mater ia l  (HMW-F-VI I I )  of d i f ferent  
an imal  origin induces  aggregat ion of h u m a n  pla te le ts  1-4. 
The iden t i t y  of H M W - F - V I I I  wi th  yon  Wi l lebrand  fac tor  
has  been  suggested ~, 3, 5, s. 

P la te le ts  f rom pa t i en t s  wi th  yon "vVillebrand's disease 
are no t  aggrega ted  b y  the  an t ib io t ic  r is tocet in,  unless a 
source of h u m a n  H M W - F - V I I I  is added  7-1~. In  cont ras t ,  
p la te le ts  f rom pa t i en t s  wi th  Bernard-Soul ie r  (heredi tary  
g iant  platelet)  syndrome  are unrespons ive  to r i s tocet in  
even in the  presence  of H M W - F - V I I I ;  in addi t ion,  t h e y  
are no t  aggrega ted  by  bovine f ibr inogen p repara t ions  l~-aa. 

P la te le ts  f rom rats,  in con t ras t  to  p la te le ts  f rom 
guinea-pigs, were repor ted  ~6 no t  to be aggregated b y  a 
bovine f ibr inogen p repa ra t ion  (Kabi) la te ly  shown to 
conta in  H M W - F - V I I ~  as the  actual  aggregat ing  s t imulus  2. 
The p resen t  s t u d y  was unde r t aken  to  evalua te  w h e t h e r  
ra t  p la te le ts  are indeed unrespons ive  to  purif ied bovine 
H M W - F - V I I I  and whether ,  in ana logy wi th  p la te le ts  f rom 
13ernard-Soulier pa t ien ts ,  t h e y  are also re f rac tory  to 
r is tocet in.  

Blood was ob ta ined  by  ven ipunc tu re  f rom normal  
h u m a n  voluteers  and  by  in t racard iac  punc tu re  f rom 
guinea-pigs and rats.  One - t en th  (v/v) 3.8% t r i sod imn 
ci t ra te  was used as ant icoagulant .  3 d i f ferent  s t ra ins  of 
rats  were used:  Sprague Dawley  (Charles River),  Wis ta r  
(Morini) and  Long  E v a n s  (Servier). The animals  were 
anes the t ized  wi th  e ther  jus t  before blood collection. 
P ta te te t - r ich  p lasma  (PRP) and  p la te le t -poor  p l a sma  
(PPP) were p repared  as previous ly  descr ibedlL Pla te le t s  
were separa ted  f rom p lasma  ei ther  by  gel f i l t ra t ion ~s or 
by  a cent r i fuga t ion- resuspens ion  technique,  r epea ted  
4 times~% In  each test ,  t he  p la te le t  n u m b e r  was  ad jus t ed  
to abou t  300,000/V1. 

Ris toce t in  A (lot 3) (kindly suppl ied by  Lundbeck  & 
Co., Copenhagen,  Denmark) ,  con ta in ing  less t h a n  8% 
r is tocet in  13, was dissolved in isotonic saline; adenosine-  
5 ' -d iphospha te  (Sigma; St. Louis, Missouri, USA) and  
T h r o m b o f a x  (batch No. 8L 118, Or tho Diagnost ic ;  
Rar i tan ,  N.J . ,  USA) were used as previously  described2~ 
na t ive  collagen fibrils f rom equine t endons  were suspended  
in an  organic isotonic buffer  p H  2.8 (Hormon Chemie,  
Munich,  Germany) ;  5,000 t imes  puri f ied H M W - F - V I I I  
(from bovine  plasma) was  a gift  f rom Drs. J. VERMYLEN 
and  D. BOTTECCHIA, L a b o r a t o r y  of Blood Coagulation,  
Un ive r s i ty  of Leuven,  13elgium; par t ia l ly  purif ied HMW- 
F - V I I I  p repara t ions  were also ob ta ined  by  gel chroma-  
t o g r a p h y  of porcine or h u m a n  P P P  as previous ly  de- 
scribed 2. H u m a n  HM~vV-F-VIII was  subsequen t ly  t r ea t ed  
wi th  neuraminidase ,  a procedure  leading to  the  develop-  
m e n t  of an aggregat ing  ac t iv i ty  towards  h u m a n  pla te le ts  4. 

H u man ,  r a t  and guinea-pig pla te le ts  were  s imilar ly 
aggrega ted  by  A D P  (up to 10 -7 M) and  T h r o m b o f a x  
(1/5 dilution) ; in cont ras t ,  5 to  10 t imes  more  concen t ra t ed  
collagen suspensions  were required to ob ta in  similar 
changes  in l ight  t r ansmiss ion  for ra t  as compared  to  b o t h  
h u m a n  and  guinea-pig platelets ,  a f inding a l ready  repor ted  
by  CONSTANTINE 21; ne i the r  r i s toce t in  (up to  3 mg/ml)  nor  
bovine,  porcine or h u m a n  neu ramin idase - t r ea t ed  HMW- 
F - V I I I  p repara t ions  induced  ra t  p la te le t  aggregat ion 
(Figure 1) ; no cons i s ten t  differences were observed among  
the  3 s t ra ins  of ra t s  used. 
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