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Increased Platelet Volume in Manifest Diabetic Rats 
Ulf Eriksson’, Uwe Ewald’ and Torsten Tuvemo’ 

Departments of Medical Cell Biology‘, and Pediatrics’, University of Uppsala, 
Uppsala, Sweden 

ABSTRACT 

P l a t e l e t  function, evaluated as in v i t ro  aggregabili ty,  h a s  been reported to b e  dis- 

turbed in diabetes ,  both in humans and animals. P l a t e l e t  number  and  mean volume g rea t ly  

inf luence t h e s e  aggregat ion tests. T h e  p resen t  study was designed to eva lua te  t h e  i inpact  

of t w o  d i f f e ren t  deg rees  of experimental ly  induced glucose in to l e rance  on p l a t e l e t  number  

and mean volume. For  th i s  purpose, w e  used manifest  d i abe t i c  and  chemical ly  d i abe t i c  

rats.  In t h e  con t ro l  group, t h e  f e m a l e  r a t s  showed a significantly lower number of 

p l a t e l e t s  compared  to t h e  males. T h e  chemical ly  d i abe t i c  r a t s  exhibited a tendency 

towards  increased mean p la t e l e t  volume, whereas  t h e  p l a t e l e t  volume of t h e  manifest  

d i abe t i c  f e m a l e s  was  significantly g r e a t e r  than a l l  o t h e r  groups. This increase was found 

to b e  mainly due  to a gene ra l  shif t  t owards  larger  volumes of t h e  individual p l a t e l e t s  of 

t h e  man i fe s t  d i abe t i c  females.  

I t  is  suggested,  t h a t  t h e  en la rgemen t  of t h e  mean p la t e l e t  volume induced by increased 

severi ty  of t h e  d i abe t i c  state may r e f l e c t  dec reased  mean age of t h e  circulat ing platelets .  

This implies  sho r t e r  survival t i m e  and an  increased turnover  of t h e  p l a t e l e t  population in 

d i abe te s  mellitus. 

INTRODUCTION 

Diabe te s  mel l i tus  in man is  associated with increased risk for  a therosclerosis ,  

microvascular complicat ions (28), and a r t e r i a l  thrombosis (18). Changes  in t h e  haemo- 

static sys t em with a l t e r e d  p l a t e l e t  funct ion have  been demons t r a t ed  by d i f f e ren t  in v i t ro  

tests in d i abe t i c  p a t i e n t s  (3) and might  b e  involved in t h e  pathogenesis  of th i s  disease (19). 

Determinat ion of survival and turnover  is  believed to accu ra t e ly  r e f l ec t  t h e  in vivo 

funct ion of t h e  p l a t e l e t s  (15). Indeed, reduced p l a t e l e t  survival h a s  been  not iced in 

d i abe t i c  pa t i en t s  (7, 22). 

Est imat ion of number and mean  volume should r e f l ec t  t h e  turnover  rate of t h e  

platelets ,  s ince  sma l l  and l ight  p l a t e l e t s  general ly  r ep resen t  a n  older  population than large 
and dense  p l a t e l e t s  (16). 

Disturbances,  s imilar  to those found in human d iabe te s  melli tus,  of t h e  in v i t ro  p l a t e l e t  

funct ion h a v e  been  demons t r a t ed  in experimental ly  d i abe t i c  r a t s  (4, 9, 13, 20). Changes  
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analogous to t h e  proposed angiopathic  a l t e r a t ions  in human d iabe te s  melli tus,  such as 

changed vascular s t r u c t u r e  (25) and vascular biochemistry (1, 30, 31) have  a l so  been 

observed in diabet ic  rats.  Fu r the rmore ,  a l t e r ed  arachidonic  acid metabol ism in t h e  vessel  

walls has  been decr ibed in experimental  d i abe te s  in t h e  r a t  (9-11, 29). 
Against  t h i s  background, t h e  airn of t h e  p re sen t  s tudy was to eva lua te  t h e  impac t  of 

t w o  d i f f e ren t  deg rees  of chronic  glucose intolerance on p l a t e l e t  funct ion by e s t ima t ing  

t h e  number and mean  volume of t h e  platelets.  T h e  t w o  d i f f e ren t  t y p e s  of expe r imen ta l  

diabetes ,  used in th i s  study, have  been previously character ized.  T h e  milder chemical ly  

d i abe t i c  (CD) t y p e  was  described by Por tha  and col laborators  (23) and t h e  manifest  

d i abe t i c  (MD) t y p e  h a s  previously been used in s tudies  of d i abe te s  in pregnacy (5, 6). 

MATERIAL AND METHODS 
Animals  

A f i r s t  group comprising 19 f ema le  Sprague-Dawley r a t s  (Anticimex AB, Sollentuna, 

Sweden) weighing abou t  250 g were  made man i fe s t  d i abe t i c  (MD) at  3 months of age by a 

single i.v. injection of s t r ep tozo toc in  (Lot no. 1613E U-9889, kindly donated by Dr. 

W.E.Dulin, T h e  Upjohn Co., Kalamazoo, MI, USA) at  a dose of 45 mg/kg body weight. A t  

t h e  t i m e  of t h e  expe r imen t  t h e  animals  had been  d i abe t i c  for  1 - 2 months and exhibited 

hyperglycemia and glucosuria,  as well  as a mean weight  of 206 2 3 g. 
A second group of 17 f e m a l e  r a t s  of t h e  s a m e  s t r a in  were  given t w o  i.p. inject ions of  

abou t  100 mg/kg body weight of s t reptozotocin on t h e  second and third days  of l i fe  (23). 
A f t e r  a t r ans i en t  hyperglycemia lasting abou t  one  week, t hese  animals  (subsequently 

denoted as CD rats)  achieved only sl ightly increased non-fasting se rum glucose levels. T h e  

C D  an ima l s  were  4 months old at t h e  t i m e  of t h e  expe r imen t  and weighed 232 2 4 g. 
A third group of  21 f e m a l e  (247 2 4 g) and  20 ma le  r a t s  (399 L 6 g), of  t h e  s a m e  s t ra in ,  

4 months old, served as con t ro l s  ( N )  and were  no t  given any  injections. 

All  animals  were  allowed f r e e  access to w a t e r  and laboratory chow (EWOS AB, Soder- 

talje, Sweden). 

De te rmina t ion  of p l a t e l e t  number  and mean volume 

Blood samples,  represent ing mixed ar ter ia l -venous blood, were t aken  f rom t h e  c u t  t i p  

of t h e  ta i ls  of non-fasting animals. 10 microl i ters  of f r e e  flowing blood w a s  obtained and 

direct ly  di luted (UNOPETTE, C lay  Adams, Labora to ry  Instrurnentation, Parsippany, NJ ,  

USA). Within 20 minutes  of blood sampling, t h e  p l a t e l e t  number  w a s  de t e rmined  in a n  

ULTRA-FLO 100 Whole Blood P la t e l e t  Coun te r  (Clay Adams) by au tomat i zed  pa r t i c l e  

impedance  counting. A P a r t i a l  Sizing Amplifier (Nuclear  D a t a  Ins t rumen t s  AB, Uppsala, 

Sweden) simultaneously so r t ed  t h e  gene ra t ed  impedance signals according to t h e  

individual pulse ampl i tudes  in 100 channels,  result ing in a dis t r ibut ion c u r v e  of t h e  

p l a t e l e t  volumes of e a c h  sample  in t h e  range of 3 - 27 femto l i t r e s  (fl., 10-15 liter). Cf. 

Fig. 1. A mean  p l a t e l e t  volume could then  b e  ca l cu la t ed  fo r  e a c h  sample,  using t h e  

r e l a t ive  frequencies  of 8 sub-classes with equal  class width of 3 fl. Cf. Fig. 2. 
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Sta t i s t i c s  
Al l  d a t a  a r e  expressed as means L S.E.M. Probabi l i t ies  (p) of c h a n c e  d i f f e rences  

between t h e  d i f f e ren t  means were  ca l cu la t ed  according to Student 's  two-tailed t-test (21). 

A 

platelets  ____t erythrocytes+leucocytes 4 

I I I I I I I I 

3 9 15 21 27 33 39 45 51 f l  
1 1  

Volume 

Figure 1. A typical  distribution c u r v e  of corpuscular volumes in a blood sample f rom a N 
ma le  rat .  T h e  r e l a t ive  frequency of impedance pulses is  shown (arbi t rary scale)  on t h e  
ordinate.  

RESULTS 

T h e  d i f f e ren t  levels  of serum glucose a r e  shown in Tab le  1. The re  was no sex  

d i f f e rence  in t h e  N group in th i s  r e s p e c t  ( p  > 0.05). O n  t h e  o t h e r  hand, both t h e  C D  ( p  < 

0.01) and MD r a t s  ( p  < 0.001) exhibited increased serum glucose values compared  to t h e  N 
females .  In par t icular ,  t h e  MD fema les  were  markedly abnormal  with glucose levels abou t  

f ive t i m e s  higher t han  t h e  N females .  

Tab le  1. Serum Glucose Concentrat ions,  Numbers  and Mean Volumes of P l a t e l e t s  in t h e  
Di f f e ren t  Expe r imen ta l  Groups. N, C D  and MD deno te  normal,  chemical ly  d i abe t i c  and 
manifest  d i abe t i c  ra ts ,  respectively.  Means 5 S.E.M. 
Significances: a = p < 0.001 versus N Female,  b = p < 0.01 versus N Female.  

No. Serum Platelet P l a t e l e t  
of Glucose Number Volume 

rats (mmol/l)  ( 1 0 ~ 1 )  (fl) 

N Male 20 5.7 2 0.1 948 5 24= 14.07 L 0.1 1 
14.08 2 0.06 
14.26 5 0.1 1 

N F e m a l e  21 5.8 2 0.2 
C D  F e m a l e  17 6.7 L 0.2 
MD F e m a l e  19 28.5 L 0.7a 682 2 54 14.44 2 0.07a 

745 2 27 
887 2 42 b 
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The  number of p l a t e l e t s  in t h e  d i f f e ren t  expe r imen ta l  groups is  shown in Tab le  1. In t h e  

N group, t h e  f ema les  had a significantly lower number of p l a t e l e t s  compared to t h e  males  

( p  < 0.001). Considering t h e  females,  t h e  MD r a t s  showed significantly f ewer  p l a t e l e t s  

compared  to t h e  C D  r a t s  ( p  < 0.01) but  not  in comparison with t h e  N an ima l s  ( p  > 0.05). 

Tab le  1 also shows t h e  mean platelet  volumes of t h e  d i f f e ren t  groups of rats.  In t h e  N 

group, no d i f f e rences  could be  found between t h e  sexes  ( p  > 0.05). A tendency towards  

increased C D  f e m a l e  p l a t e l e t  volume compared to t h e  N fema les  w a s  noted (0.05 < p < 

0.10). This t rend was a l so  observed in t h e  MD rats ,  who showed a mean p la t e l e t  volume 

g r e a t e r  t han  all o t h e r  groups, in par t icular  compared  to t h e  N fema les  (p < 0.001). 

Inspection of t h e  accumula t ed  mean volume dis t r ibut ion curves of t h e  N and MD f e m a l e  

groups (Fig. 2) showed t h a t  t h e  increased mean p la t e l e t  volume of t h e  MD r a t s  was  t h e  

resul t  of a general  sh i f t  of t h e  distribution cu rve  towards larger  volumes. 

0 3 6 9 12 15 18 21 24 27 f l  

Mean platelet volume 

Figure  2. Accumulated mean  volume distribution of (female)  N and MD rats.  T h e  r e l a t ive  
frequency of impedance pulses a r e  shown on t h e  ordinate.  No te  t h e  gene ra l  shif t  of t h e  
MD population towards  l a rge r  volumes. 

DISCUSSION 

T h e  decreased number of p l a t e l e t s  in t h e  f e m a l e s  compared  to t h e  ma les  in t h e  con t ro l  

group has  no t  been previously demonstrated in t h e  rat .  P l a t e l e t  number  and volume 

g rea t ly  inf luence t h e  resul ts  of in v i t ro  p l a t e l e t  aggregat ion s tudies  (121, t he re fo re  t h e  
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demons t r a t ed  sex d i f f e rence  may b e  of impor t ance  fo r  t h e  evaluat ion of p l a t e l e t  

aggregabili ty.  In humans, d i f f e rences  be tween  t h e  sexes in p l a t e l e t  number  (17, 27), and 
p l a t e l e t  aggregabi l i ty  (14, 24) have  been  reported.  T h e  r e su l t s  of t h e  p re sen t  s tudy may  

i l l u s t r a t e  t h e  necessi ty  to consider t h e  sex as well  as both t h e  p l a t e l e t  number and mean  

p la t e l e t  volume in t h e  fu tu re  evaluat ions of p l a t e l e t  function. 

T h e  major  finding in th i s  study, t h e  marked inc rease  in ,Ml3 p la t e l e t  volume, would 

ind ica t e  a general ly  decreased mean  a g e  in t h e  p l a t e l e t  population of t h e  man i fe s t  

d i abe t i c  r a t s  (16). This  notion is fu r the r  subs t an t i a t ed  by t h e  finding of a right-hand s ide  

sh i f t  in t h e  dis t r ibut ion cu rve  of t h e  platelets.  A dec reased  mean  a g e  would b e  t h e  resul t  

of increased turnover  and shortened survival t i m e  of p l a t e l e t s  (7, 16, 22). Fu r the rmore ,  

t h e  number of MD p la t e l e t s  tended to b e  decreased,  a n  observat ion also in a g r e e m e n t  with 

a n  increased r a t e  of p l a t e l e t  turnover.  Since younger and l a rge r  p l a t e l e t s  are known to b e  

more  metabol ical ly  a c t i v e  (16), t h i s  finding would b e  cons i s t en t  with both t h e  view of a 

gene ra l  hyperaggregabili ty of t h e  p l a t e l e t s  in d i abe te s  (3 ,  8), and increased p l a t e l e t  

turnover  in vivo (2, 7, 22). 

A s imilar  tendency towards increased mean volume of t h e  p l a t e l e t s  w a s  also observed 

in t h e  C D  rats.  Changes in p l a t e l e t  funct ion have  been not iced in t h e  very ea r ly  phases  of 

human d iabe te s  (26). T h e  accumula t ed  distribution cu rve  of p l a t e l e t  volumes in t h e  CD 

group did not  show a gene ra l  shif t  towards larger  volumes s imilar  to t h a t  seen in t h e  MD 

rats.  T h e r e  w a s  instead r a the r  a localized increase in t h e  proportion of l a rge  platelets .  

T h e  p resen t  f indings of increased p l a t e l e t  volumes co r re l a t ing  with a n  increased 

severi ty  of t h e  d i abe t i c  state suggest,  t h a t  a disturbed ca rbohydra t e  rnetabolism may 

direct ly ,  o r  indirectly,  c a u s e  a n  increased turnover  of  t h e  c i r cu la t ing  platelets .  This  

suggestion would support  t h e  notion of  increased p l a t e l e t  agg rega t ion  in d i abe te s  melli tus,  

s ince  sho r t e r  survival t ime ,  dec reased  mean  a g e  and gene ra l  en la rgemen t  of t h e  mean  

p la t e l e t  volume impl i ca t e s  increased p l a t e l e t  act ivi ty ,  and the reby  increased aggrega- 

bility. 

T h e  p rec i se  reason fo r  t h e  dysfunction of t h e  p l a t e l e t s  in d i abe te s  mel l i tus  is  at 

p resen t  no t  comple t e ly  understood. Animal  models with d i f f e ren t  deg rees  of glucose 

in to l e rance  may the re fo re  play a n  impor t an t  role  in f u t u r e  r e sea rch  on a l t e r ed  p l a t e l e t  

funct ion in d i abe te s  mellitus. 
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