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A BST R A CT
Sickle cell patients and transgenic sickle mice have vascular

inf lammatio n.  V ascular inf lammatio n seco ndary  to
ischemia/ reperf usio n is hy po thesiz ed to  play  an essential ro le in

altering b lo o d f lo w  and inducing vaso - o cclusio n.  D o rsal skin f o ld
chamb ers ( D SF C s)  w hich allo w  repeat visualiz atio ns o f  the
sub cutaneo us vasculature w ere implanted in no rmal co ntro l mice
( n= 1 3 )  and transgenic mice ( n= 1 7 )  ex pressing human α  and β /  β S- A n t i l l e s

glo b ins.  R epeat measurements o f  venule diameters,  b lo o d f lo w
velo cities and leuko cy te ro lling w ere made o n the same veins( n= 3 6
co ntro l and n= 7 2  sickle veins) using intravital micro sco py ( I V M ) .  A f ter
b aseline measurements,  the mice w ere ex po sed to  hy po x ia ( 7 %

O 2 / 9 3 %  N 2 )  f o r 1  ho ur f o llo w ed b y  1  ho ur o f  re- o x y genatio n in ro o m
air.  A  third visualiz atio n w as made af ter administratio n o f  so dium
nitro prusside( SN P ) ,  a vaso dilato r.  T he w all shear rates w ere
signif icantly  higher in the sickle animals in the smaller veins ( < 4 0 µ m)
than the no rmals and signif icantly  lo w er in larger veins ( > 4 0  µ m)  than
the no rmals.  W all shear rates did no t vary  signif icantly  af ter 1  ho ur o f
hy po x ia and 1  ho ur o f  re- o x y genatio n.  L euko cy te ( W B C )  ro lling w as
signif icantly  higher at b aseline in the sickle mice co mpared to  the

no rmals.  A  higher leuko cy te ro lling w as also  o b served af ter 3  ho urs o f
hy po x ia f o llo w ed b y  2  ho urs o f  re- o x y genatio n.  I n co nclusio n,  these
results demo nstrate the po tential o f  the D SF C s to  allo w  repeat
visualiz atio ns f o r o b serving b lo o d f lo w  changes in transgenic sickle
mice.  F uture w o rk w ill f o cus o n the co nnectio n b etw een inf lammatio n
and vaso - o cclusio n af ter hy po x ia/ re- o x y genatio n in this mo del.

I N T R O D U CT I O N
Sickle cell disease is characteriz ed b y  recurring acute vaso -

o cclusive episo des and chro nic damage to  multiple o rgans.  T he
sub stitutio n o f  valine f o r glutamate at the six th po sitio n o f  the b eta
chain o f  hemo glo b in ( H b )  has b een the f o cus o f  understanding o f  the
patho phy sio lo gy  o f  sickle cell disease.  T his po int mutatio n results in
the po ly meriz atio n o f  H b S and sickling o f  red b lo o d cells ( R B C s)  in
vivo  under deo x y genated co nditio ns.  O ver the past tw o  decades,  the

ro le o f  the endo thelium and its interactio ns w ith the sickle R B C s has
led to  a revised paradigm f o r the understanding o f  vaso - o cclusive
pheno mena in sickle cell disease [ 1 ] .

I nf lammatio n may  play  an essential ro le in vaso - o cclusio n in

sickle cell disease.  Sickle cell patients have high w hite co unts and
elevated levels o f  serum C - reactive pro tein,  cy to kines and adhesio n
mo lecules.  W e hy po thesiz e that reactive o x y gen species derived f ro m
sickle R B C s,  w ith po ssib le amplif icatio n b y  W B C s,  and o n go ing
ischemia- reperf usio n may  pro duce vascular inf lammatio n.  T his results
in endo thelial activatio n and the b inding o f  R B C s and W B C s to  the
endo thelial surf ace causing transient vaso - o cclusio n,  in turn pro ducing
mo re ischemia- reperf usio n inj ury  in an o ngo ing vicio us cy cle.

P revio us w o rk o n study ing the b lo o d f lo w  dy namics in transgenic
mice w ere perf o rmed o n mo dels such as mesentery  and cremaster
[ 2 , 3 ] .  T hese mo dels do  no t lend themselves to  chro nic studies.  W e
have inco rpo rated the D SF C  mo del to  o b serve b lo o d f lo w  changes in
b o th no rmal and transgenic sickle mice.  T hese chamb ers allo w  f o r
repeat visualiz atio ns o f  the same vessels o ver time and also  analy sis o f
b lo o d f lo w  in them af ter dif f erent interventio ns such as hy po x ia/ re-
o x y genatio n and anti- inf lammato ry  drugs.  I n this study ,  w e w ill b e

carry ing o ut measurements o f  inf lammatio n and b lo o d f lo w
parameters such as red b lo o d cell velo city ,  venular diameter,  stasis and
W B C  ro lling f lux  in transgenic sickle and no rmal mice.

M A T E R I A L S A N D  M E T H O D S
Mice. Normal C57BL/6 mice were obtained from Jackson

laboratories. T ransg enic sickle mice [ 4 ]  were p rodu ced by  crossing  a
transg enic mou se line ex p ressing  h ig h  lev els of h u man α  and βS ch ains

with  a line ex p ressing  h u man α  and βS- A n t i l l e s . T h ese mice are
h omoz y g ou s for deletion of th e mou se β- maj or g lobin.

Mea s u r em en t  o f  S er u m  a m y l o id  P - co m p o n en t ( S A P ) .  Blood was
collected from th e tail v ein before D S F C imp lantation and on day s 3 , 4
and 7 after imp lantation. S eru m was u sed to measu re S A P  by  enz y me
immu noassay  [ 5] .

D S F C  im p l a n t a t io n . T h e ex p erimental model u sed in th is stu dy
was orig inally  dev elop ed for th e rat dorsal skin flap  [ 6]  and modified
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for mice. Animals were on antibiotic amoxicillin at least three days
before chamber p lacement. T he D S F C s were imp lanted as p rev iou sly
ou tlined in [ 7 ] . T he animals were g iv en 4  days recov ery p eriod.

IVM and analysis. F emale C 5 7 B L / 6  mice ( n= 1 3 )  and female

transg enic sick le mice ( n= 1 7 )  weig hing  ap p roximately 2 0 g  ( 1 0 - 1 2
week s old)  were u sed. T he mice were anesthetiz ed intrap eritoneally
with a k etamine- xylaz ine anesthetic mixtu re. I V M  is p erformed as
described elsewhere in [ 2 ] . M ean red cell v elocity measu rements are
made as in [ 8 ] ,  v enu lar diameters as in [ 9 ]  and W B C  rolling  as in [ 2 ] .

E x p e r im e nt al p r o t o c o l. F ou r days after dorsal sk in fold chamber
imp lantations,  the mice( both normal and sick le)  were v isu aliz ed
sep arately and the v enu lar diameter,  mean red cell v elocity and

leu k ocyte rolling  was measu red. T he mice were then transferred to a
sp ecial chamber and were su bj ected to 1  hou r of hyp oxia( 7 %  O 2 / 9 3 %
N 2 )  followed by 1  hou r of re- oxyg enation in room air. A second
v isu aliz ation was made and the same p arameters were re- measu red on
the same v eins. S odiu m nitrop ru sside was top ically administered after
this and the same p arameters were measu red on the same v eins. T he
mice were then eu thaniz ed u sing  a C O 2 chamber.

RESULTS

1. Serum a my l o i d  P - c o mp o n en t  ( SA P )  i s  a n  a c ut e p h a s e res p o n s e
p ro t ei n  w i t h  6 0 - 7 0 %  s eq uen c e h o mo l o g y  t o  h uma n  C R P . SA P
i n c rea s es  i n  n o rma l  mi c e 3  a n d  4  d a y s  a f t er i mp l a n t a t i o n  o f  t h e d o rs a l
s k i n  f o l d  c h a mb er,  b ut  ret urn s  t o  b a s el i n e 7  d a y s  a f t er s urg ery . I n
s i c k l e mi c e SA P  i s  el ev a t ed  8 .5 -  t o  12 .1-  f o l d  ( p < 0 .0 0 1)  a t  b a s el i n e
c o mp a red  t o  n o rma l  mi c e.

2 . B l o o d  f l o w  p a ra met ers  o b t a i n ed  f ro m t h e n o rma l  mi c e w i t h
i mp l a n t ed  D SF C s  w ere c o mp a red  w i t h  o t h er mo d el  s y s t ems
p rev i o us l y  us ed  i n  l i t era t ure [ 10 ] . T h e b l o o d  f l o w  d y n a mi c s  i n  t h es e
a n i ma l s  w ere s een  t o  f o l l o w  t h e s a me t ren d  a s  s h o w n  b el o w ,  a s  t h e
v en ul a r d i a met er i n c rea s ed  s o  d i d  t h e mea n  R B C  v el o c i t y .

3 . B l o o d  f l o w  p a ra met ers  i n  t h e v ei n s  i n  s i c k l e mi c e w ere mo re
c h a o t i c  t h a n  i n  t h e n o rma l  mi c e a s  s een  f ro m F i g .1.
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Figure 1. RBC velocity (mm/s) vs d ia meter (µ m) in  n orma l a n d  sick le mice

4. Wall shear rates were calculated based on the formula
8 V mean/ D  [ 2 ] . B ased on our data abov e,  we di v i ded ov er v ei ns i nto two

g roup s,  small v ei ns < 40 µ m and larg e v ei ns > 40 µ m. Wall shear rates
were si g ni fi cantly  hi g her i n the si ck le mi ce i n the smaller v ei ns and
si g ni fi cantly  lower i n larg er v ei ns when comp ared to the normal mi ce
as shown i n the p lot below. Wall shear rates i ncreased i nsi g ni fi cantly
after 1  hour of hy p ox i a and 1  hour of re- ox y g enati on and decreased
i nsi g ni fi cantly  after S N P  admi ni strati on i n both normal and si ck le
mi ce and i n both classes of v ei ns.

5 . WB C  rolli ng  was si g ni fi cantly  hi g her i n baseli ne i n si ck le

ani mals when comp ared to normals.( F i g  2 )  A lso WB C  rolli ng
i ncreased after 3  hours of hy p ox i a and 2  hours of re- ox y g enati on i n
si ck le mi ce from baseli ne,  thoug h after 1 hour of hy p ox i a and 1  hour of
re- ox y g enati on no i ncrease of WB C  rolli ng  was seen.

6 . 9 %  of the v ei ns after 1  hour of hy p ox i a and 1  hour of re-
ox y g enati on were stati c i n the si ck le mi ce whi le none were stati c i n
the normal mi ce ( F i g  3 ) . N o stasi s was observ ed at baseli ne.

DISCUSSION

The DSFC model allows visualization of the microcirculation
over time unlik e other models such as mesentery  or cremaster.  I n
conj unction with I V M ,  b lood flow characterization and chang es can b e

track ed on individual vessels.  The main disadvantag e of DSFCs are
that they  are themselves a source of inflammation as seen from SA P
data in the normal mice ( R esult # 1 ) .  The flow p arameters ob tained
from normal mice were seen to ob ey  the M urray ’ s law where the flow
rate varies as to d3 ,  where d is the mean diameter of the vessel.  The
sick le data was more chaotic and did not ap p ear to follow M urray ’ s
law.

L ong er hy p ox ia( 3 hr)  and re- ox y g enation( 2 hr)  p eriod increases

W B C rolling  in sick le mice ( R esult # 5 ) .  This shows that a long er
hy p ox ia/ re- ox y g enation was req uired to trig g er more vascular
inflammation in these mice.  N evertheless,  stasis could b e ob served
even after 1  hour of hy p ox ia and 1  hour of re- ox y g enation.  ( R esult # 6 )

The facts that even at b aseline a hig her rolling  was ob served in
the sick le mice and a small amount of stasis was ob served in these
animals sug g est that b oth the W B Cs and the R B Cs may  p lay  a critical
role in the p athop hy siolog y  of vaso- occlusion in sick le cell disease

[ 1 1 ] .   The p resence of a hig hly  variab le b lood flow condition in these
animals further sug g est that these mice may  b e in a p ermanently
“ inflammed”  state as p reviously  hy p othesized in [ 1 2 ] .

Further studies on a more severe murine model [ 1 3 ]  of  sick le cell
disease are p lanned to corrob orate our hy p othesis and our  finding s
and the p otential b enefits of using  an anti- inflammatory  drug  therap y
for this disease.

A CK NOW L E DG E M E NT S

This research was sup p orted b y  N ational I nstitutes of H elath
research g rant R 0 1  H L 6 7 3 6 7 - 0 2 .

REFERENCES

1 .    H eb b el,  R . P  et al. ,  1 9 8 5 ,  Clin.  H aematol.  1 4 ,  1 4 1 - 1 6 1
2 .    K aul,  D. K  et al. ,  2 0 0 0 ,  J . Clin. I nvest, 1 0 6 ,  4 1 1 - 2 0 .

3 .    E mb ury  et al. ,  1 9 9 9 ,  J . Clin. I nvest,  1 0 3 ,  9 1 5 - 2 0 .
4 .    Fab ry  M E  et al. ,  1 9 9 5 ,  B lood,  8 6 ,  2 4 1 9 - 2 4 2 8
5 .    B urling name et al. ,  1 9 9 6 ,  J  of I mmunolog y ,  1 5 6 ,  4 7 8 3 - 8 8 .
6 .    P ap enfuss H D et al. ,  1 9 7 9 ,  M icrovasc R es. ,  1 8 ,  3 1 1 - 1 8 .
7 .    A lg ire G . H ,  1 9 4 3 ,  J  of N at Cancer I nst,  4 ( 1 ) ,  1 - 1 1 .
8 .    B orders et al. ,  1 9 8 4 ,  M icrovasc.  R es.  2 7 ,  1 1 7 - 1 2 7 .
9 .    H og an et al. ,  1 9 8 4 ,  M icrovasc.  R es,  2 7 ,  1 2 8 - 1 3 2
1 0 .  Z weifach et al. ,  1 9 7 7 ,  Circulation research,  4 1 ( 3 ) ,  3 8 0 - 9 0 .

1 1 .  A slihan et al. ,  2 0 0 2 ,  P N A S,  9 9 ,  3 0 4 7 - 5 1 .
1 2 .  O sarog iag b on et al. ,  2 0 0 0 ,  B lood,  9 6 ,  3 1 4 - 2 0 .
1 3 .  P aszty  et al. ,  1 9 9 7 ,  Science,  2 7 8 ,  8 7 6 .

Sickle

Figure 2. WBC rolling flux in

s ic k le a nd  norm a l m ic e a t  b a s eline.

Figure 3 . P erc ent a ge s t a s is  in s ic k le

a nd  norm a ls  a ft er 1 h r H y p oxia / 1 h r

re- oxy gena t ion.


