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ABSTRACT

The identification o f the  m olecular structure o f fibrinogen has given a 
better understand ing  of m any clinical conditions associated w ith  abnor
m alities of fibrinogen. Proteolysis o f fibrinogen or fibrin by its natural lytic 
enzym e, plasm in, leads to the formation of degradation  products w hich are of 
great im portance in  the laboratory diagnosis of m any pathological condi
tions. T he biochem ical and  biological p roperties o f these fibrinogen-fibrin  
degradation products and  th e ir value in the diagnosis o f  d issem inated  in- 
travascular coagulation are presented .

In troduction

W hen  f ib r in  is la id  d o w n  in tra -  
vascularly to form a hem ostatic b arrier or 
w hen  it is form ed extravascularly in  exu
d a tes  in  in flam m ato ry  tis su e s  for th e  
localization o f infections, foreign bodies 
or tum or ce lls, it is su b jec te d  to p ro 
teolysis. M ost of this is carried  out by the 
fibrinolytic enzym e plasm in. T he resu lt
ing breakdow n products are partic les of 
d iffe re n t m o lecu la r s izes c o lle c tiv e ly  
know  as fibrin  degradation products. In 
addition, plasm a fibrinogen itse lf  can also 
be  subjected to the proteolytic action of 
plasm in w henever there  is excessive fib
rinolytic activity in blood. T he resu lting  
b reak d o w n  p ro d u c ts  a re  k now n  as fi
b r in o g e n  d e g ra d a tio n  p ro d u c ts . T h e  
biological behavior of these la tter prod
ucts is essentially  sim ilar to th a t of fibrin

degradation products, and  th ey  shall all be 
referred  to as fibrinogen-fibrin  degrada
tion products (FD P) in  this article. Excel
len t review s on this topic are available in 
recen t lite ra tu re .10,12,13,17

Structural C onsiderations of the  
F ib rinogen  M olecule

M am m alian fibrinogen has a dim eric 
structure, each consisting of three peptide 
chains. I t can be re p re sen te d 2,4 by the 
form ula (a (A) ¡3 (B) y  )2 I t  has a m olecu
lar size o f 340,000 w ith  tw o sym m etrical 
m onom ers o f  170,000 jo in ed  by  d isu l
ph ide bonds be tw een  the respective a  (A) 
and y  chains. W hen fibrinogen is clotted 
by th rom bin , th e  process involves the 
cleavage of a part o f the a  (A) chain at the 
N -term inal know n as fib rin o p ep tid e  A 
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and of a part of the /3 (B) chain at the 
N -term inal know n as fib rinopep tide B at 
the  arginyl-glycyl bonds. Besides throm 
bin , o ther proteases can also convert fi
b rin o g en  to f ib r in .3,4 A ncrod and  rep- 
tilase, two differen t glycoproteins extrac
te d  from  sn ak e  v en o m , re m o v e  o n ly  
fib rinopep tide A from fibrinogen b u t not 
fib rinopep tide B .11,15 This property  has 
b een  u tilized  in the  R eptilase tim e or An
crod tim e tests w hich w ill be  noted. In 
terestingly , the cleavage of only fibrino
pep tide  B b u t no t fib rinopep tide  A, such 
as seen  by the  action of another venom  o f 
the v iper A gkistrodon  con tortrix , w ill not 
resu lt in clotting until sufficient fib rino
p ep tide  A is sp lit off as w e ll.3

Fibrinogen-fib rin  D egradation  Products

T he proteolytic action o fp lasm in  on the 
fibrinogen m olecule, on the o ther hand, 
resu lts in  the  cleavage o f pep tide  bonds 
on o ther loci, lead ing  to the form ation o f 
th e  F D P ’s. Several stages of the fragm en
tation of fibrinogen are know n .16 T he ea r
liest p roduct is term ed  fragm ent X, w ith  a 
m olecular size o f 240,000. Proteolysis of 
this fragm ent X resu lts in  the  form ation of 
frag m en t Y, w ith  a m o lecu la r  size o f
155.000, along w ith  a sm aller piece, frag
m en t D w ith  a m olecular size o f 83,000. 
The final stage of fragm entation involves 
the breakdo wn o f fragm ent Y into a second 
fragm ent D and another sm aller m oiety, 
frag m en t E , w ith  a m o lecu la r size  o f
50.000.

T he proteolysis of fibrin by plasm in in
volves essen tially  the  same steps as that of 
fibrinogen. I t  has b een  show n that frag
m en t E is located at the N -term inal o f the 
fib rin o g en  m o lecu le  and  con tains the  
fib rinopeptide A. Thus, the fragm ent E 
derived  from fibrinogen w ould be  differ
en t from tha t derived  from fibrin . Frag
m ent D is located  at the C O O H -term inal 
an d , as such , has th e  sam e s tru c tu re  
w he ther it is derived  from fibrin or fib

rin o g en .14 F ragm ent D also contains the 
site  for fibrin cross-linking .7

F D P  is a po ten t anticoagulant, being  
able to in h ib it the  polym erization o f fibrin 
as w ell as com petitively  in h ib it the  clot
ting  action of th rom bin .1 In  addition , the 
sm aller F D P  fragm ents im pair p la te le t 
ad h e s iv e n ess , aggregation  an d  re lease  
re a c tio n s , w h ile  th e  la rg e r F D P  a n d  
F D P -f ib r in o g e n  m o n o m er co m p lex es  
have the  opposite effect.20 In  the  p resence 
o f a m ixture of F D P ’s varying in size, the 
n e t effect on p la te le t function w ould  d e
p en d  on th e  com position  o f th e  F D P . 
T h u s , in  d is s e m in a te d  in tra v a sc u la r  
coagulation, increased  p la te le t aggrega
tion  may b e  encoun tered  since large F D P  
fragm ents predom inate.

O th er b io logical actions o f  F D P  are 
weak and, therefore, o f less clinical sig
n ificance. T he sm aller F D P  fragm ents 
may cause the  induction  of sm ooth m uscle 
contraction, enhancem en t o f the  contrac
tive  ac tion  o f b rad y k in in , in c re a se  in 
capillary perm eability  and chem otaxis of 
granulocytes.

T here are several ways w ith  w hich  the 
F D P  m ay be  quantitatively  m easu red  in 
b lood, u rine or o ther body flu ids. T he 
choice of these  m ethods d epends on the 
degree  of sensitivity o f the tes t resu lts d e 
sired  and the  n eed  for a rapid answ er, such 
as req u ired  in  a clinical case w ith  m assive 
b leed ing . D uring  the collection o f the  test 
sam ples for assay, precautions m ust al
ways be taken against artifactual p roduc
tion o f F D P  in  vitro  by the spontaneous 
proteolysis that may occur. It is com m on 
practice to use soybean trypsin  inh ib ito r, 
apro tin in  or epsilon  am inocaproic acid as 
effective pro tease inhibitors in the  co llec
tion tubes.

T he m ost popular clinical m ethod  is 
based  on im m unological identification of 
the  F D P . O ne common an tigen ic d e te r
m inan t is shared by fibrinogen, fibrin  and 
fragm ents X, Y, D and  E. To increase the 
sensitiv ity  o f the test to the sm aller frag
m ents, m ost com m ercially available test



2 3 6 KWAAN

TABLE I

Clinical Disorders In Which FDP's* May Be Present 
In Abnormally High Quantities In the Blood

Intravascular origin
Derived from fibrinogen 

Pathologic fibrinolysis 
Thrombolytic therapy 

Derived from fibrin
Disseminated intravascular coagulation 
Pulmonary embolism 
Extensive deep vein thrombosis 
Therapeutic defibrination with ancrod or 
reptilase

Extravascular origin 
Large haematoma 
Tumor 
Sepsis
After extensive surgery 
Pregnancy

Normal labor 
Abruptio placentae 
Toxemia of pregnancy 

Renal diseases
Acute glomerulonephritis 
Proliferative glomerulonephritis 
Renal homograft rejection 
Nephrotic syndrome 
.Lupus nephritis 
Schonlein-henoch nephritis

*Fibrin degradation products.

systems such as the  W ellcotest* u tilizes 
the  antiserum  against fragm ents D and  E. 
Im m unologic agglutinations using tanned  
red  cells or latex beads are the two most 
co m m o n ly  u s e d  te s ts . P re c ip i t in ,  
im m unodiffusion , or even  floccu lation  
m ethods are also available. T he m ost sen
sitive test seem s to be the tanned  red  cell 
h em ag g lu tin a tio n  in h ib itio n  im m u n o 
assay (T R C H II),18 w hich can d e tec t as lit
tle  as 0.6 fi g per m l o f fragm ent X or Y or
1.2 /¿g per ml of fragm ent D, b u t is re la 
tively  less sensitive in the  detection  of 
fragm ent E.

Since the  F D P  has strong an ticoagulant 
p roperties, a ll tests based  on the  clo tting  
o f fibrinogen as the end -po in t are pro
longed  by the  p re sen ce  of FD P . C on
sequen tly , the  ac tiva ted  clo tting  tim e, 
prothrom bin tim e, partial throm boplastin  
tim e and  th rom bin  tim e are all affected by 
F D P . As m e n tio n e d  p re v io u s ly , tw o

* Prepared by the Burroughs Wellcome Company.

extracts from v ip e r venom , Ancrod and 
R eptilase, can convert fib rinogen to fi
brin . This process is in h ib ited  by the  an ti
coagulant action of F D P , b u t not by the 
an ticoagulant action  of heparin . T h e re 
fore, the perform ance o f an Ancrod tim e 
test or a R eptilase tim e tes t is often useful 
to d iffe ren tia te  in  a sam ple , th e  a n ti
coagulant activity  o f F D P  from tha t of 
h eparin .6

An in teresting  property  of fibrinogen 
and F D P  in producing the  clum ping o f a 
su sp en sio n  o f s taphy lococci has b ee n  
utilized  in a tes t for F D P .8 This test has the 
draw back o f lack o f sensitiv ity  to frag
m ents D and  E and  is less com m only used. 
O ne other group o f tests for F D P  deals 
w ith  the  phenom enon  of paracoagulation. 
W hen fibrin m onom ers or fragm ent X are 
formed, they  m ay form soluble com plexes 
w ith the o ther F D P  fragm ents. O n the ad
dition o f ethanol or protam ine sulphate, 
these soluble com plexes w ill dissociate 
leaving the  fibrin m onom er or the frag
m ent X to undergo gel or fibrin strand 
formation. This paracoagulation forms the 
basis o f the  ethanol gelation te s t5 and the 
protam ine su lphate  te s t,19 and  is often 
used to d ifferen tiate  p lasm a in acute d is
s e m in a te d  in tra v a sc u la r  c o a g u la tio n  
(w hen they  are often positive) from that in 
pathological fibrinolysis.

C linical Significance of F D P

Since fib rinogen  or fibrin m ay be found 
b o th  intravascularly  and extravascularly, 
F D P  resu lting  from proteolysis may be 
d e te c te d  in  b lo o d  as w ell as in  m any 
o th er body fluids in a w ide variety  of 
p a th o lo g ic a l c o n d itio n s . E v e n  u n d e r  
p h y s io lo g ic a l c o n d itio n s , f ib r in o g e n  
catabolism  w ould release small am ounts 
o f FD P, w ith  as m uch as 8 jit g per m l de
tectab le in blood.

In  tab le  I, an a ttem p t is m ade to list a 
few  com m on patho log ical d iso rders in 
w hich abnorm ally high FD P  levels may 
be found in the blood. It can be seen  that a 
careful study of the clinical and o ther lab
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oratory findings is n eed ed  in each case 
before a firm diagnosis can be made. A 
com m on error is to assum e that a high 
blood F D P  level is diagnostic of d issem i
nated  intravascular coagulation. T his is 
frequently  not the  case even  though the 
h ig h es t F D P  lev e ls  a re  found  in  th is 
condition.
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