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Erythrocytic Methaemoglobin Reductases of Various Mammalian Species 

Since t he  classical  i nves t iga t ions  of GIBSON 1, ev idence  
has  a c c u m u l a t e d  t h a t  t h e  e n z y m e  p r i m a r i l y  respons ib le  
for r educ ing  m e t h a e m o g l o b i n  in h u m a n  e r y t h r ocy t e s  is 
N A D H - l i n k e d  m e t h a e m o g l o b i n  r educ tase  ( N A D I I - M R ) 2  
Th i s  e n z y m e  has  been  i so la ted  and  well  cha rac t e r i zed  a-7, 
and  has  been  shown  to  be def ic ien t  in  m a n y  cases of 
he red i t a ry  m e t h a e m o g l o b i n a e m i a  (reviewed b y  JAFF]~2). 
SCOTT'S m e t h o d  s , t r a d i t i o n a l l y  used for assay ing  th i s  
enzyme ,  measures  t he  r e d u c t i o n  of a dye, 2, 6-dichloro~ 
p h e n o l  indophenol ,  so m a y  no t  p r ov i de  a t r ue  measu re  of 
N A D H - M R  act iv i ty2 ,9 ;  ttEGESI~ et  a 1 2  h a v e  l a te ly  
deve loped  a m e t h o d  wh ich  specif ical ly  assays  t he  reduc-  
t ion  of m e t h a e m o g l o b i n  b y  N A D H - M R .  

A n o t h e r  e n z y m e  of c o m p a r a t i v e l y  smal l  s ignif icance in 
reduc ing  m e t h a e m o g l o b i n  u n d e r  physio logica l  cond i t ions  
is N A D P i t - l i n k e d  m e t h a e m o g l o b i n  r educ ta se  ( N A D P H -  
MR) ~. A l t h o u g h  th i s  e n z y m e  has  also been  measu red  in 
h u m a n  a d u l t  b lood  a, 6, cord b lood  ~~ a n d  y o u n g  and  old 
e r y t h r o c y t e s  f rom n o r m a l  a n d  f ava  b e a n  sens i t ive  sub- 
jec ts  11, a n d  has  been  purif ied3,  6, i t  has  recel] t ly been  
c la imed  to  be  ' an  a r t i f ac t  of no  me tabo l i c  s ignif icance '  ~2 
In  t he  i n t a c t  e ry th rocy te ,  t he  N A D P H - d e p e n d e n t  
p a t h w a y  of m e t h a e m o g l o b i n  r educ t i on  is g rea t ly  ac- 
ce lera ted  b y  such  e lec t ron  carr ies  as m e t h y l e n e  blue 13. 

Desp i t e  t h i s  backg round ,  a n d  cons iderab le  i n t e r e s t  in  
c o m p a r a t i v e  aspec ts  of m e t h a e m o g l o b i n  for 'marion a n d  
r educ t i on  1~-16, e r y t h r o c y t i c  NADH-M1R levels a p p e a r  to  
h a v e  been  m e a s u r e d  on ly  in  m a n  2-1~ a n d  ca t t l e  ~v, a n d  
N A D P H - M R  only  i n  m a n  ~-l~,~s. T he  p r e s en t  s t u d y  in- 
v o l v e d  a s imple  a d a p t a t i o n  of t h e  m e t h o d  of HEaESI~ 
et  al. 9, so as also to  measu re  N A D P H - M R  ac t iv i ty ,  a n d  
t h e n  t he  assay  of b o t h  reduc tases  in  t he  e r y t h r o c y t e s  of 
adu l t  m e m b e r s  of va r ious  m a m m a l i a n  species and  of 
n e w b o r n  of some of these  species. 

Blood  samples  were col lected in h e p a r i n  or E D T A  
tubes .  The  assays  were pe r fo rmed  w i t h i n  24 h of b lood  
col lec t ion  a n d  s torage  a t  4~ N A D H - M R  a c t i v i t y  was 
m e a s u r e d  b y  t h e  m e t h o d  of HEGESI~ e t  a12 This  m e t h o d  

was t h e n  modi f ied  to measure  N A D P H - M R  a c t i v i t y  b y  
s u b s t i t u t i n g  30 ~zl of 10 m M  N A D P H  for N A D H  in t h e  
mix tu re ,  a n d  b y  s t a r t i n g  the  r eac t ion  b y  t he  add i t i on  of 
30 ~zl of 10 .4 M m e t h y l e n e  b lue  to t he  t e s t  cuve t t e  and  
30 ~1 of w a t e r  to  t he  b lank .  The  change  in op t ica l  dens i ty  
was t h e n  m e a s u r e d  a t  575 n m  and  t he  N A D P H - M R  
a c t i v i t y  ca lcu la ted  in t he  same  way  as for N A D t I - M R .  

The  resul t s  are s h o w n  in the  Table .  I t  will  be  seen t h a t  
a c t i v i t y  of b o t h  r educ tases  was p r e sen t  in t h e  e r y t h r o c y t e s  
of adu l t  a n d  n e w b o r n  m e m b e r s  of al l  t h e  species tes ted .  
The  level  of N A D H - M R  was more  or less s imi la r  in adu l t  
h u m a n s ,  sheep, horses,  dogs a n d  rats ,  b u t  cons ide rab ly  
h igher  in a d u l t  r a b b i t s  and  guinea-pigs ,  re f lec t ing  a t  leas t  
in r a b b i t s  t h e  v e r y  r ap id  m e t h a e m o g l o b i n  r educ t i on  
obse rved  even  in  t h e  absence  of m e t h y l e n e  b lue  ~% N A D H -  
M R  a c t i v i t y  was  found  to  b e  less in  h u m a n  cord t h a n  
a d u l t  blood, and  h igher  in n e w b o r n  calves t h a n  a d u l t  
ca t t le ,  in  con f i rma t ion  of p rev ious  r epor t s  ~,xT; b u t  on ly  
s l igh t  dif ferences  were obse rved  be tween  n e w b o r n  and  
adu l t  pigs, r a b b i t s  a n d  guineaCpigs. 

The  ac t iv i t i es  of N A D P H - M R  t e n d e d  in genera l  to  r u n  
para l le l  to  t h e  ac t iv i t i es  of N A D H - M R ,  a t  Ievels of 2 - 8 %  
of those  of N A D H - M R  (Table).  Th i s  r a t i o  was  obse rved  in 
b o t h  a d u l t  a n d  n e w b o r n  m e m b e r s  of t he  species tes ted ,  
w i t h  t he  excep t ion  of t he  n e w b o r n  guinea-pig,  whose  m e a n  
N A D P H - M R  a c t i v i t y  was 22% of t h e  m e a n  N A D H - M R  
ac t iv i ty .  This  s t r i k ing  dif ference in t he  n e w b o r n  guinea-  
pig  p rov ides  s t rong  ev idence  t h a t  d i s t i nc t  enzymes  are  
be ing  assayed,  r a t h e r  t h a n  N A D P H - M R  a c t i v i t y  re- 
p r e sen t ing  a n  a r t i f a c t  f r om lesser a c t i v i t y  of t h e  N A D H -  
M R  in a d i f fe ren t  e x p e r i m e n t a l  sys tem.  

The  differences  obse rved  b e t w e e n  species m a y  ref lect  
genet ic  select ion in t he  face of e n v i r o n m e n t a l  pressures .  
I t  has  been  suggested,  for example ,  t h a t  N A D P H -  
d e p e n d e n t  r educ t ion  of m e t h a e m o g l o b i n  m a y  p rov ide  a n  
a d a p t i v e  m e c h a n i s m  to  regu la te  m e t h a e m o g l o b i n a e m i a  
w h e n  t h e  o rgan i sm is exposed  to  n a t u r a l l y - o c c u r r i n g  
a roma t i c  ca t a lys t s  ~9, and  t h a t  t he  h igher  va lues  of 

NADH-linked methaemoglobin reductase (NADH-MR) andNADP H- 
linked methaemoglobin reductase (NADPH-MR) activities in the 
erythrocytes of various mammalian ,species 

Species NADH-MR~ NADPH-MR ~ 

No. of Mean 4- No. of Mean 4- 
cases S.E.M. cases S.E.M. 

Human Adult 64 2.50 4- 0.06 14 0.15 n~ 0.01 
Newborn 26 1.59 4- 0.07 22 0.13 i 0.04 

Cattle Adult 17 1.74 _u 0.07 14 0.11 ~ 0.01 
Newborn 7 5.71 4- 0.26 7 0.29 4- 0.04 

Sheep Adult  10 2.25 4- 0.17 7 0.08 4- 0.01 
Horse Adult 6 2.30 4- 0.14 6 0.17 4- 0.02 
Dog Adult 5 2.63 • 0.10 5 0.11 :~ 0.01 
Pig Adult 11 2.50 -t- 0.19 6 0.05 =t= 0.0l 

Newborn 6 2.17 4- 0.28 6 0.08 4- 0.01 
Rabbit  Adult 10 6.80 4- 0,16 6 0.28 4- 0.01 

Newborn 2 6.25 4- 0.13 2 0.30 4- 0.09 
Guinea-pig Adult 6 4.95 4- 0.20 6 0.29 =k 0.04 

Newborn 6 4.89 4- 0.24 6 1.11 4- 0.12 
Rat Adult 14 2.46 4- 0.04 8 0.13 4- 0.01 

The results are expressed as units of methaemoglobin reduetase; 
1 unit is equivalent to 1 nmole of methaemoglobin reduced/minute/ 
mg haemoglobin. 
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N A D H - M R  obse rved  in calves  m a y  r ep resen t  a n  a d a p t a -  
t i on  to  exposure  to  n i t r i t e s  d u r i n g  a n t e n a t a l  life lL 
A l t h o u g h  te leological  e x p l a n a t i o n s  are no t  r ead i ly  fo r th -  
coming  for t he  o the r  v a r i a t i o n s  now  repor ted ,  t h e  h i g h  
ac t iv i t i e s  of N A D H - M R  in a d u l t  a n d  n e w b o r n  r a b b i t s  
a n d  guinea-pigs  a n d  of N A D P H - M R  in n e w b o r n  guinea-  
pigs seem so p a r t i c u l a r l y  s t r i k ing  as to  w a r r a n t  f u r t h e r  
s tudy .  Cer ta in ly ,  t he  s imple  mod i f i ca t ion  of t he  m e t h o d  of 
HEGES~ e t  a12 wh ich  is now  descr ibed  for d e t e r m i n g  
N A D P H - M R  a c t i v i t y  shou ld  he lp  to  e luc ida te  t he  n a t u r e  
and  e v o l u t i o n a r y  s ignif icance of t h i s  r a t h e r  e lusive 
enzyme.  

Zusammen/assung'. I n  den  E r y t h r o z y t e n  ve r sch iedene r  
S/ iugetiere wurde  die W i r k u n g  yon  N A D H -  u n d  N A D P H -  
abh~ng ige r  M e t h X m o g l o b i n - R e d u k t a s e  gemessen,  wobei  

s ich auf fa l l ende  U n t e r s c h i e d e  in der  E n z y m w i r k u n g  bet  
den  ve r sch i edenen  G a t t u n g e n  fanden ,  a b e t  a u c h  zwischen 
der  W i r k u n g  in Schnur -  u n d  E r w a c h s e n e n - E r y t h r o z y t e n  
bet  g le ichen G a t t u n g e n .  
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Effect of H u m i d i t y  on Des iccat ion  by Livin~ and Dead Wolf Spiders  (Araneae:  Lycos idae)  

Most studies on water loss by spiders emphasize the 
effect of temperature rather than humidity and show that 
the rate of loss increases with temperature 1,2. Further- 
more, the information on water loss is limited in compari- 
son with that on metabolic rates 3. WIGGL~SWORTH 4 

established that insect cuticle contains wax which limits 
water loss, but allows increased evaporation above a 
critical temperature. Similar mechanisms exist in ticks 5, 
scorpions 6, and spiders 2,6. DAVIES and EDNEY 2 found 
that evaporation rate is higher in dead than living 
spiders. LEES 5 showed that unfed ticks absorb water 
through the cuticle at high humidities (90 + % R. H.) 
while water loss at lower humidities was greater in dead 
than living animals. 

This study measures the effects of high-low humidity 
a n d  l i f e -dea th  on  we igh t  loss a t  c o n s t a n t  t e m p e r a t u r e  b y  
t he  morpho log ica l ly  s imi l a r  wolf  spiders ,  Lycosa mbida 
a n d  L. punctulata. CLOUDSLEY-THOMPSON s d e m o n s t r a t e d  
t h a t  phys ica l  to le rances  of sp iders  o f t en  v a r y  w i t h  
species. Sex dif ferences  were  also e x a m i n e d  since ANDER- 
SON 3 showed t h a t  ma le  sp iders  h a v e  h ighe r  p a t t e r n s  of 
ac t iv i ty .  
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Per cent weight loss as a function of time at high and low humidities 
for living and dead Lycosid spiders. Data are pooled for both species 
and sex. Vertical bars rel~resent -t- 1 S. E. Thenumber in each curve 
from top to bottom is 5, 9, 6 and 7. 

Materials and methods. 21 m a t u r e  L. rabida (5 ma le s :  
we igh t  X = 165.2 rag, r ange  81-245 mg;  a n d  16 females,  
we igh t  X = 290.7 rag, r ange  197-405 rag) a n d  9 female  
L. punc/ulata (weight  X = 239.8 rag, r ange  132-352 mg) 
were c a p t u r e d  local ly  a n d  housed  i n d i v i d u a l l y  in  glass 
j a r s  (7 •  cm) capped  w i t h  p e r f o r a t e d  m e t a l  lids. The  
spiders  were  wa t e r ed  a n d  fed 7 days  pr io r  to  t he  exper i -  
men t ,  and  s t a r v e d  the rea f t e r .  

B o t h  species a n d  sexes were r a n d o m l y  ass igned  to h i g h  
or low h u m i d i t y  a n d  to  life or d e a t h  condi t ions .  H i g h  
(80% R. H.) a n d  low (0% tZ. H.) glass h u m i d i t y  c h a m b e r s  
(50.5 •  x 3 1 . 0  cm) were closed w i t h  glass l ids sealed 
w i t h  p e t r o l e u m  jelly.  H igh  h u m i d i t y  was  m a i n t a i n e d  w i t h  
10 cm w a t e r  in  t he  c h a m b e r  b o t t o m ,  a n d  hous ing  j a r s  
were p laced  on  h a r d w a r d  c lo th  a t  w a t e r  level.  The  low 
h u m i d i t y  c h a m b e r  was des icca ted  w i t h  a n h y d r o u s  CaC12. 
H u m i d i t y  and  t e m p e r a t u r e  were recorded  on  a l t e r n a t e  
days.  Three  L. rabida se rved  as cont ro l s  a t  26.2 4- 1.5 ~ 
a n d  43% IR. H.  

Spiders  were weighed  a t  0, 1, 3, 6, 9, 12, 24, 36, 48, 60, 
72, 84, a n d  96 h to  t he  nea r e s t  10 rag. Spiders  in  t h e  dead  
groups  were  sacrif iced w i t h  e t h y l  a ce t a t e  v a p o r  8 h p r io r  
to  t i m e  0. D e a d  spiders  were weighed  before  a n d  a f t e r  
sacr i f ic ing to  d e t e r m i n e  if t h e  e t h y l  a ce t a t e  t r e a t m e n t  
a f fec ted  weight .  L i v i n g  L. punctulala were a n e s t h e t i z e d  
w i t h  e t h y l  ace t a t e  for  we igh ing  a n d  recovered  w i t h  no  
a p p a r e n t  effects  on  behav io r .  All  d a t a  are  cor rec ted  for  
b o d y  size, expressed  as a pe r cen t  of t h e  or ig ina l  b o d y  
we igh t :  % we igh t  c h a n g e  = or ig ina l  we igh t  --  sub-  
s e q u e n t  we igh t /o r ig ina l  we igh t  • 100. 

Results and discussion. Tile f ind ings  are s u m m a r i z e d  in 
t he  Figure .  All  sp iders  lost  we igh t  d u r i n g  t h e  96 h, a n d  
t he  female  L. rabida a t  low h u m i d i t y  lost  s ign i f i can t ly  
more  we igh t  (X = 19.6%) t h a n  those  a t  h i g h  h u m i d i t y  
(X = 6 .2%) (t = 2.18, df  = 22, p < 0.05). 

A 3-way r epea t ed  measu res  ana lys i s  of va r i ance  (RM- 
Anova)  on  pooled  d a t a  ( e n v i r o n m e n t  • species • t ime)  
i nd i ca t ed  no  s ign i f ican t  species difference.  However ,  per-  
cen t  we igh t  loss di f ferences  in  spiders  m a i n t a i n e d  in  h i g h  
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