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Effects of eytoehalasin D on cell morphology of normal and chronic lymphocytic leukemic lymphoeytes 

EXPERIENTIA 33/12 

Morphological Changes 
Diagnosis Preparation No. of cases Wet fihn TEM SEM 

Normal Lymphs in GM 15 Normal, round Normal 

Lymphs in DMSO (0.5%) 4 Normal, round Normal 
Lymphs in GM & CD 15 [xg/ml 15 Focal cell processes. Focal club-shaped processes 

CLL Lymphs in GM (0.5%) 15 Normal, round Normal 

Lymphs in DMSO 3 Normal, round Normal 
Lymphs in GM & CD 15 ~g]ml 15 9 Majority (95%) normal, round Few cells club-shaped processes 
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doub le  m e m b r a n e  l ined vesicles e x t e n d i n g  f rom t he  cell 
sur face  (figure 5). I n  some cells t h e y  a p p e a r e d  to be  dis- 
cha rged  f rom the  cell. T he  SE M conf i rmed  t h i s  f ind ing  b y  
t h e  d e m o n s t r a t i o n  of sausage  shaped  or spher ica l  b lebs  on 
t h e  cell surface  of t he  l y m p h o c y t e s  (figure 6). 
The  focal surface  changes  in t he  n o r m a l  l y m p h o c y t e s  m a y  
be  exp l a ined  on  m i c r o f i l a m e n t  a l t e r a t i o n  due  to t he  
CDT,% The  dif ference of response  in t he  CLL cells is 
h a r d e r  to  exp la in  b u t  d i f ferences  in t he  cell m e m b r a n e s  of 
m a l i g n a n t  and  n o r m a l  cells are  well  k n o w n  10. S imi la r ly  
t h e  p h e n o m e n o n  of ' b l e b b i n g '  in m a l i g n a n t  ceils on ex- 
posu re  to  d rugs  wh ich  af fec t  the  cell m e m b r a n e  has  also 
been  recognised  11. The  poss ib i l i ty  of t he  ' b l e b b i n g '  be ing  
due  to  t he  assoc ia ted  c h e m o t h e r a p y  for t he  CLL is un-  
l ike ly  as in one of t he  cases w i t h  m a r k e d  b l e b b i n g  no  
t h e r a p y  h a d  been  given.  A l t h o u g h  the  change  was seen in 
all  p r epa ra t i ons ,  w h e n  t he  cells were e x a m i n e d  in g r o w t h  

m e d i u m  a f t e r  wash ing  t he  change  was  more  p ronounced .  
Th i s  e n h a n c e m e n t  m a y  be  due  to  the  wash ing  m a k i n g  the  
cell m e m b r a n e  more  suscep t ib le  to  t h e  d r u g  ac t ion  or to  
t he re  be ing  some p r o t e c t i v e  fac tors  in  t he  p l a sma .  The  
focal  n a t u r e  a n d  a s y m m e t r y  of t he  cell processes  in t he  
cy tocha las in -a f fec ted  n o r m a l  l y m p h o c y t e s  is p e r h a p s  sur-  
p r i s ing  as cy tocha l a s in  ha s  been  found  to i n h i b i t  t he  
' c app ing '  p h e n o m e n o n .  I t  is, however ,  in  keep ing  w i t h  
p rev ious  f ind ings  of cy tocha l a s in  in  var ious  cu l tu red  
cells 9,12. 

9 K. Sundquist and A. Ehrnst, Nature 264, 226 (1976). 
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733 (1961). 
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Summary. Sod ium t h i o s u l p h a t e  in jec ted  i.v. i n to  mice causes  a m a r k e d  increase  in c o n c e n t r a t i o n  of severa l  se rum 
pro te ins ,  p a r t i c u l a r l y  i m m unog l obu l i n s .  W h e n  g iven  t oge the r  w i t h  an t igen ,  i t  s ign i f i can t ly  p o t e n t i a t e s  t he  T - d e p e n d e n t  
humoral responses. 

The  r e q u i r e m e n t  of th io ls  for  t he  a c t i v a t i o n  of in v i t ro  
i m m u n e  responses  ~,~ w a r r a n t s  the  search  for ac t ive  in 
v ivo  su l fu r - con ta in ing  i m m u n o p o t e n t i a t o r s .  The  sup-  
press ion  r a t h e r  t h a n  p o t e n t i a t i o n  caused  b y  organic  th io ls  
in  vivoS, 6 t u r n e d  a t t e n t i o n  to  t h i o s u l p h a t e  (TS), wh ich  
was t h o u g h t  to  increase  I g M - p r o d u c t i o n  b y  a c t i v a t i n g  
th io l -d isu l f ide  i n t e r c h a n g e  7,8, a key  process  in IgM- 
p e n t a m e r i z a t i o n  9. 
Materials and methods. I n b r e d  B a l b / c  a n d  co lony-b red  
Swiss mice  of b o t h  sexes, 6 -8  weeks  old, were used for ex- 
pe r imen t s .  The  mice were i n j ec t ed  i.v. w i t h  T S  (5%) da i ly  
d u r i n g  d i f fe ren t  per iods  of t i m e  in doses co r re spond ing  to  
t h e  m a x i m a l  h u m a n  cl inical  doses (0.3 mg /g  b .wt)  or 
twice  as much .  Cont ro l  a n i m a l s  rece ived  saline.  Blood 
samples  (0.3 ml) were t a k e n  for ana lys i s  once a week  a n d  

responses  of i n d i v i d u a l  mice were recorded.  Fo r  chemica l  
ana lys i s  of s e rum pro te ins ,  2 e lec t rophore t i c  m e t h o d s  
were used :  a) modi f ied  1~ e l e c t r o c h r o m a t o g r a p h i c  frac- 
t i o n a t i o n  n a n d  b) isoelectr ic  focus ing  on  po lyac ry l amide  
gel. 
To t e s t  t he  inf luence  of T S - t r e a t m e n t  on t he  specific 
h u m o r a l  i m m u n e  responses ,  g roups  of mice were im- 
m u n i z e d  i.v. e i t he r  w i t h  5 X l0  s t r i n i t r o p h e n y l - c h i c k e n  
red  b loods  cells (TNP-CRBC) ,  or  1 • l0  s sheep red  blood 
cells (SRBC) ( T - d e p e n d e n t  response)12. Fo r  s t u d y i n g  T- 
i n d e p e n d e n t  response,  10 ~g of t r i n i t ropheny l - l i popo l i -  
sacchar ide  ( T N P - L P S )  18 was in jec ted  i.v. D i f fe ren t  sched-  
ules of T S - a d m i n i s t r a t i o n  (0.3 mg/g  dai ly)  were used ( table  
2). The  n u m b e r  of p l aque - fo rming  cells (PFC) was re- 
co rded  4 days  a f t e r  i m m u n i z a t i o n  b y  microscope  slide 



Table 1. The effect of thiosulphate on serum protein concentration 
in Balb]c mice 

Proteins 

g 

..r 

Protein concentrations as percentage 
of value at 0 time, assumed as 100% 
after 7 days* after 14 days* 

Albumin 68.1 4- 22.4 63.6 4- 30.3 
Transferrin 209.3 4- 27.8 330.0 4- 57.7 
Immunoglobulin IgG 85.9 4- 17.6 291.3 4- 27.4 
Immunoglobulin IgM 122.1 4- 11.0 206.2 4- 28.3 
Total protein 96.6 4- 9.8 146.7 -t- 12.0 
Zig/100 ml 
of total protein --0.13 1.7 

* Values are mean 4- SD. 
Protein changes observed in control animals and calculated as 
percentage of their original level were, after 14 days: total protein 
103.4 =t= 4.4, ~2-macroglobulin 117.9 4- 12.4, transferrin 123 4- 12.6. 
The change of concentration of other serum proteins appeared 
insignificant. 

Table 2. Influence of thiosulphate on the T-dependent and T- 
independent antibody responses in Balb/c mice 

Treatment  Antigen * 
TNP-LPS TNP-CRBC SRBC 

Controls 281.2 • 85.6 88.4 4- 28.2 215.5 -t- 50.8 
(77920) (24200) (43100) 

Thiosulphate 14days 93.7 + 32.2 134.3 4- 55.1 ND 
(--10 to +3)  (40840) (71130) 
Thiosulphate 7 days 160.0 4- 59.1 ND ND 
(--3 to +3) (41250) 
Thiosulphate 4 days 216.5 4- 77.5 156.5 4- 44.1 731.2 4- 211.4 
(0 to +3)  (58350) (50400) (192500)** 

Results are expressed as the number  of PFC per 10 s viable spleen 
cells plated, 4- SD. The number  of PFC per spleen is given in 
parantheses. Each group consisted of 5-8 animals .  ND, Not done. 
* Antigen injected at day 0. ** The numbers of background PFC 
per l0 s spleen cells, were in control and TS-treated animals 0.8 and 
1.2, respectively. 

6 7 8 9 pH 

15. 12. 1977 Specialia 1655 

Densitometric plot of isoelectric focusing at p-H 3-10 of Balb/c 
mouse serum proteins. The part  of the eleetrophotogram shown 
includes 7 S-immunoglobulins and transferrin. I and 2, day 0 and 
14 respectively of TS-application (0.6 mg]g of b. wt). 

t e c h n i q u e  14, u s i n g  as  t a r g e t  ce l ls  S R B C  or  S R B C  c o u p l e d  
w i t h  T N P  ( T N P - S R B C ) 1 3 .  
Results .  T a b l e  1 d e m o n s t r a t e s  t h e  c h a n g e s  in  c o n c e n t r a -  
t i o n  of  m a i n  s e r u m  p r o t e i n  f r a c t i o n s  in  B a l b / c  m i c e  
t r e a t e d  w i t h  T S  a t  d o s e s  of  0.6 m g / g .  T h e  m a i n  p a r t i c i -  
p a n t s  in  g e n e r a l  p r o t e i n  i n c r e m e n t  a r e  I g G :  0.58 g /100  m l  
(31 .4%) ,  t r a n s f e r r i n :  0.65 g /100  m l  (34 .8%)  a n d  I g M :  
0.28 g /100  m l  (15 .1%) .  T h e  i n c r e a s e  in  o t h e r  s e r u m  p r o -  
t e i n s  (to 18 .7%)  c o n c e r n s  p r i n c i p a l l y  I g A  a n d  h a p t o -  
g l o b i n s .  I n  c o n t r a r y  to  i m m u n o g l o b u l i n s ,  t h e  c o n c e n t r a -  
t i o n  of  a l b u m i n  d e c r e a s e d  in  t h e s e  e x p e r i m e n t s .  L o w e r  
d o s e s  of  T S  (0.3 m g / g )  p r o d u c e d  m a i n l y  a n  i n c r e a s e  in  
m a c r o m o l e c u l e s ,  I g M  a n d  r  b u t  a r i se  in  
t r a n s f e r r i n  l eve l  w a s  a l so  e v i d e n t .  
T h e  f i gu re  p r e s e n t s  t h e  i soe lec t r i c  f o c u s i n g  of  m o u s e  s e r u m  
i m m u n o g l o b u l i n s  b e f o r e  a n d  a f t e r  T S - t r e a t m e n t  (0.6 m g /  
g) for  14 d a y s .  T h e s e  e x p e r i m e n t s  s h o w e d  a f a i r l y  u n i f o r m  
i n c r e a s e  in  a l l  I g G  i m m u n o g l o b u l i n  f r a c t i o n s ,  a n d  so s u g -  
g e s t  t h e  n o n s p e c i f i c  c h a r a c t e r  of  s t i m u l a t i o n .  
I n  B a l b / c  m i c e  t r e a t e d  w i t h  T S  T - d e p e n d e n t  r e s p o n s e s  
w e r e  s i g n i f i c a n t l y  i n c r e a s e d  ( t ab l e  2). T h i s  i n c r e a s e  w a s  
m o r e  m a r k e d  w h e n  d a t a  we re  e x p r e s s e d  in  t e r m s  of  t h e  
n u m b e r  of  P F C  p e r  s p l e e n  i n s t e a d  of  p e r  106 s p l e e n  cells,  
o w i n g  t o  i n c r e a s e  in  s p l e e n  c e l l u l a r i t y  in  T S - t r e a t e d  a n i -  
m a l s .  I n  c o n t r a s t ,  T - i n d e p e n d e n t  r e s p o n s e  to  T N P - L P S  
w a s  o n l y  s l i g h t l y  a f f e c t e d  w h e n  T S  w a s  g i v e n  a f t e r  a n t i -  
g e n  i n j e c t i o n ,  b u t  s i g n i f i c a n t l y  d i m i n i s h e d  b y  p r o l o n g e d  
T S - a d m i n i s t r a t i o n .  
Discussion.  T h e  b i o l o g i c a l  a c t i v i t y  o f  T S  h a s  b e e n  i n t e r -  
p r e t e d  as  b e i n g  d u e  to  i t s  e f f ec t  o n  t h e  t h i o l  a n d  d i s u l f i d e  
t u r n o v e r  1~-1s. T h e  l ow  e l e c t r o c h e m i c a l  p o t e n t i a l  of  t h i s  
c o m p o u n d  m a y  a l so  c a u s e  t h e  r e d u c t i o n  of  i o d i n e  a n d  
fe r r i c  ions ,  a n d  t h e  i n c r e a s e  in  t h e  t r a n s f e r r i n  l eve l  is p r o b -  
b a b l y  r e l a t e d  t o  t h e  i n h i b i t i o n  of  t h e  u p t a k e  o f  t h e  l a t t e r .  
S o m e  c h e l a t i n g ,  i n c l u d i n g  m a i n l y  C u -  a n d  Z n - i o n s  m a y  
a l so  b e  i n v o l v e d .  T S - m e t a b o l i s m  s u p p l i e s  s u l f i d e s  19, w h i c h  
w e r e  f o u n d  t o  i n i t i a t e  t h e  d i s u l f i d e  i n t e r c h a n g i n g  p r o -  
cessZ% T h e  a u g m e n t a t i o n  b y  t h e  T S  of  I g M = p e n t a m e r i z a -  
t i o n  a n d  p r o d u c t i o n  s s e e m s  t o  m a k e  t h i s  a s s u m p t i o n  
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plausible.  The a p p a r e n t  inabi l i ty  of TS to increase the  T- 
i n d e p e n d e n t  responses ,  however ,  indicates  t h a t  any  single 
i n t e rp r e t a t i on  m a y  be inadequa te  to  expla in  t he  immu n o -  
p o t e n t i a t i n g  effect  of th is  compound .  Thiols have  been  
shown to  improve  the  v iab i l i ty  and g rowth  of l ympho-  
cytes  in v i t ro  as well as to enhance  the  act ion of mi togens  
on splenic l y m p h o c y t e s  s0. While  the  increased spleen size 
in T S - t r e a t e d  an imals  m i g h t  be due to  the  g rowth-pro-  
mo t ing  ac t iv i ty  of th is  compound ,  ' sensi t iz ing '  p roper t ies  
migh t  be responsible  for the  augmen ted  synthes is  of im- 
munoglobul ins .  There  is still  the  possibi l i ty  t h a t  TS in- 
f luences t he  humora l  responses  indirect ly.  As shown b y  
To rm ey  et  al. 31, t r ans fe r r in  grea t ly  enhances  the  g rowth  
of l y m p h o c y t e s  in response  to  P H A  and  ant igens  in vi tro.  
Since the  t r ans fe r r in  level in TS- in jec ted  animals  was al- 

ways  s ignif icant ly  increased,  th is  migh t  imply  t h a t  TS 
augmen t s  the  i mmu n e  responses  by  t r ans fe r r in -med ia t ed  
mechan i sm.  All these  possibi l i t ies  are n o t  mutua l ly  ex- 
clusive, and  fu r the r  expe r imen t s  along these  lines are in 
progress.  
Al though  it is no t  ye t  possible to d raw general  conclusions 
on the  kinet ics  and mechan i sms  of TS-act ion,  its s t rong  
s t imula t ing  effect  on the  mouse  i mmu n e  sys tem seems 
obvious.  The low tox ic i ty  of TS and its i m m u n o p o t e n -  
f lar ing effect  encourage its t he rapeu t i c  use. 

20 D.C. Broome and M. W. Jeng, J. expl Med. J38, 574 (1973). 
21 D.C. Tormey, R. C. Imrie and G. C. Mueller, Expl Cell Res. 74, 

163 (1972). 

Methemoglobin in hypoxic rats 
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Summary. Methemoglob in  levels have  been found to v a r y  wi th  a l t i tude  and  to shif t  the  hemoglob in -oxygen  dis- 
sociat ion curve.  In  th is  s tudy,  hema toc r i t s  and me themog lob in  levels were moni to red  in ra t s  exposed  to h y p o x i a  
(420 tor r  absolute) for var ious  intervals .  Hema toc r i t s  gradual ly  increased t h r o u g h o u t  the  per iod of hypoxia ,  while  
me themog lob in  levels rose by  12 h, peaked  a t  24 h and  r e tu rned  to contro l  level by  d a y  6. These data ,  in the  co n t ex t  
of o the r  work,  suggest  t h a t  increased me themog lob in  is i m p o r t a n t  in acc l imat ion  to  h y p o x i a .  

H u m a n  and an imal  sojourners  in h igh  a l t i tudes  respond  
to h y p o x i a  w i th  a decline in hemoglob in -oxygen  af- 
f ini ty ,  ind ica ted  b y  a sh i f t  of the  hemoglob in -oxygen  dis- 
sociat ion curve  to  the  r igh t  8-5. P resumably ,  th is  effect  
resul ts  f rom hemoglob in ' s  in te rac t ion  wi th  2, 3-diphospho-  
g lycera te  (2,3-DPG), which  s ter ical ly  h inders  b ind ing  
wi th  oxygen  6-s. In  lowland na t ives  t aken  to  h igh  a l t i tudes ,  
c i rcula t ing levels of 2 ,3-DPG increase by  48 h and remain  
e leva ted  4. On the  o the r  hand ,  a re la t ive ly  grea t  hemo-  
g lobin-oxygen af f in i ty  is charac ter i s t ic  of animals  na t ive  
to  h igh  a l t i tude  s and  of aqua t ic  animals  exposed  to  
hypox ia  i~ Now, a t  ex t r eme  al t i tude,  p u l m o n a r y  oxy-  
gena t ion  r a the r  t h a n  t issue ex t rac t ion  is the  l imit ing fac- 
to r  in oxygen  t r a n s p o r t ;  and,  by  art i f icial ly increasing 
the i r  hemog lob in -oxygen  affini ty,  E a t o n  l0 prolonged the  
surviva l  of acu te ly  hypox ic  rats .  In  the  l ight  of th is  back-  
g round  informat ion ,  one m i g h t  hypo thes ize  t h a t  the  nor-  
mal  response  of lowland s p e c i e s -  decreased hemoglob in-  
oxygen  af f in i ty  - is ma ladap t ive .  

Hematocrits and methemoglobin levels in response to various 
periods of hypoxia 

Hypoxia Hematocrit (%) Methemoglobin (%) 
(days) n Mean 4- SD p Mean i SD p 

0 19 42.3 i 1.70 ... 4.32 :L 2.04 ... 
0.5 5 44.6 ! 2.60 N.S. 7.35 • 3.88 <0.05 
1 9 46.0 :~ 3.33 <0.05 10.49 • 3.01 <0.001 
2 10 49.6 -b 3 .62  <0.001 10.25 4- 2.52 <0.001 
3 9 47.4 ::L 3 .40 <0.001 7.40 4- 1.23 <0.001 
4 9 48.2 4- 4.07 <0.001 7.94 -4- 3.07 <0.001 
5 5 49.4 4- 3 .65 <0.001 6.51 ::L 0.93 <0.05 
6 9 53.6 -[- 2 .80  <0.001 5.16 4- 1.71 N.S. 

Rats were kept at 420 torr absolute in a hypobaric chamber. Values 
of control and experimental samples were compared by Student's 
t-test. 

Methemoglobin ,  even t h o u g h  i t  carries no oxygen  n,  has  
been found  to increase hemoglob in -oxygen  aff ini ty  13. The 
level of me themog lob in  in m a n  na t ive  to  h igh  a l t i tude  is 
abnorma l ly  h igh  and is inverse ly  re la ted  to red cell 
n u m b e r ;  the  level drops  to  no rma l  when  the  subjects  go 
to lower a l t i tudes  i3. For  a compar ison ,  we moni to red  
me themog lob in  and  hema toc r i t s  in a lowland representa-  
t ive,  t he  rat ,  dur ing  acc l imat ion  to  hypoxia .  
Method. L o n g - E v a n s  ra t s  were  exposed  to  s imula ted  h igh  
a l t i tude  in a hypobar i c  c h a m b e r  ma in t a ined  a t  420 to r r  
absolute .  Microhematocr i t s  were  de t e rmined  on b lood 
f rom the  tai l  vain.  Methemoglob in  per  200-fzl sample  of 
blood was measured  b y  the  m e t h o d  of Eve lyn  and  
Malloy 14 as modif ied  b y  V a n d e n b e l t  e t  al. 15. Values of 
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