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A b s t r a c t  The b ioavai lab i l i ty  of two different s.c. doses 
of  Desmin (a new low molecular  weight dermatan sulfate) 
was evaluated in 12 heatthy volunteers  (6 men, 6 women 
aged 22-45 years)  who were injected, on 3 separate days 
and with a wash-out  period of  at least 21 days between 
each administrat ion,  with 200 and 300 mg of Desmin by 
the s.c. route and 200 mg by the i.v. route. Immediate ly  
before injection and at various times thereafter (after 
15 min and 30 rain for i.v. only and after 1, 2, 3, 4, 6, 8, 
12, and 24 h for both s.c. and i.v, dosing),  blood samples 
were drawn to invest igate b ioavai labi l i ty  by measuring 
several coagulat ion parameters:  activated partial throm- 
boplast in time, thrombin t ime, inhibition of factor Xa, 
Heptest,  and heparin cofactor  II. Furthermore the local tol- 
erance of the s.c. and i.v. injections were investigated. The 
s.c. administrat ion of  the two Desmin doses had a negli- 
gible effect on the act ivated partial  thromboplast in time 
and a very small  effect on the thrombin time, measured 
with human thrombin;  in contrast,  Heptest,  heparin cofac- 
tot II, and ant i-Xa activi t ies increased,  with a good drug 
bioavai labi l i ty  (more than 100%). The plasma effects of 
Desmin were dose dependent  only when measured by 
Heptest,  which also gave a greater  response after the s.c. 
administrat ions,  There were no symptoms of intolerance 
or pain at the inject ion site after single i.v. and s.c. De- 
smin administrat ions.  
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Introduction 

Dermatan sulfate is a natural g lycosaminoglycan which en- 
hances the inactivation of  thrombosis  by heparin cofactor 
II (HC II) [1]. Desmin is a low molecular  weight derma- 
tan sulfate obtained from native dermatan sulfate by free 
radical depolymer iza t ion  with subsequent chelating resin 
chromatographic  purif icat ion [2, 3]. In animals,  Desmin 
has a marked anti thrombotic activity at dosages that cause 
only minor alterations in p lasma clotting tests and bleed- 
ing time [4]. As natural dermatan sulfate, Desmin shows 
nearly the same anti thrombotic efficacy after i.v. adminis- 
tration, but, due to its higher bioavai labi l i ty  [5], it is twice 
as effective when given by the s.c. r o ~ e  [4]. In addition to 
preventing thrombus formation, Desmin also considerably 
reduces the weight of  performed thrombi; this effect seems 
to be primari ly due to an ant icoagulant- independent  mech- 
anism, probably involving local f ibrinolysis  [6-8].  

Previous pharmacodynamic  studies in man have con- 
f irmed the anticoagulant  activity shown in animals by dif- 
ferent routes of  administrat ion.  Moreover,  studies in hu- 
mans have shown that Desmin has a good local and gen- 
eral tolerabil i ty [9-13].  The aim of our study was to eval- 
uate the bioavai labi l i ty  of  Desmin after the single s.c. ad- 
ministration of  200 and 300 mg in healthy volunteers,  by 
comparing the effects on blood coagulat ion with those of 
i.v. administrat ion.  

Materials and methods 

Desmin is produced by Opocrin (Modena, Italy) but is not market- 
ed and was provided as sterile injectable ampoules by Alfa Wasser- 
mann (Bologna, Italy). Its mean molecular weight is 5,500 daltons, 
as determined by HPLC; specific in vitro activities have been calcu- 
lated, against the fourth international standard for heparin, as 
89 U/rag in the presence ofHC II (Stachrom D.S. test), 12 U/mg by 
Heptest, and 5 U/mg by anti-Xa chromogenic assay [3J. 

The study was performed according to Good Clinical Practice 
guidelines and the study protocol was cleared by the ethics commit- 
tee of our hospital. Subjects were judged healthy based on a thorough 
physical examination and medical history, as well as measurement 
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of blood pressure and heart rate and ECG, hematology, hematochem- 
istry, and urinalysis tests. Subjects provided written and informed 
consent and were included in the study according to the following 
criteria: good psycho-physical state of health; age range 18-45 years; 
weight range, females 50-65 kg and male 60-80 kg. Exclusion cri- 
teria were: pregnancy or breast-feeding; confirmed or suspected hy- 
persensitivity to extractive mucopolysaccharides; contemporary in- 
take of drugs that might interfere with the product to be studied. 

All volunteers underwent the same study phases: following a 
cross-over design, on 3 separate days. and with a wash-out period of 
at least 21 days between drug administrations. All received, while 
fasting, a single morning i.v. infusion of 200 mg of Desmin and sin- 
gle s.c. injections of 200 mg and 300 mg of Desmin. On the week 
preceding the study, volunteers were not allowed to take any drugs 
without the authorization of the research physician. 

Citrated blood samples (9 ml) were drawn from each volunteer 
prior to each drug injection (To). Desmin (200 rag) was administered 
by i.v. bolus injection into the median antecubital vein and blood 
samples were then taken at 15, 30, and 60 rain and 2.3.4,  6, 8, 12 
and 24 h, to obtain reference curves. On the 2 subsequent study days 
(after wash-out periods), each subject was injected s.c. in the para- 
umbilical area with 200 mg (phase 2) and 300 mg (phase 3) of 
Desmin. Blood samples were taken at 1, 2, 3.4, 6, 8. 12. and 24 h 
after injection. 

All samples were immediately centrifuged at 5,000 rpm for 
10 rain. The (platelet-poor) plasma obtained was stored in small 
aliquots, immediately frozen at -80 ~ and kept at this temperature 
until assay. The following coagulation parameters were monitored: 
activated partial thromboplastin time (aPTT) (PTT reagent Diagnos- 
tica Stago, France); thrombin time (TT), using 2 U/ml human thrum- 
bin (Ortho, Milan, Italy) (human thrombin was chosen since it was 
more sensitive to the action of Desmin, even when the drug was add- 
ed in vitro); anti-Xa (factor Xa inhibition test) (chromogenic sub- 
strate from Heparin Coatest, Ortho); Heptest (Haemachem. USA); 
and HC II activity (Stachrom D.S. - Diagnostica Stago. France). 

The local tolerability of s.c. injections was assessed by record- 
ing the presence/absence of erythema, pain, burning, and bleeding 
at the injection site, scored as 0= absent, 1 =slight and tolerable, 2= 
mild, 3 =severe. Moreover, if pain was present, subjects were asked 
to quantify (after 0, 5, 10, 15, 20, 30, and 60 rain) its severity by 
means of a Visual Analogue Scale (VAS) [14, 15], consisting of a 
straight vertical line of 10 cm, where the intensity of pain was marked 
as a point between the bottom (=no pain) and the top (=maximum 
tolerable pain). Systemic tolerance of Desmin was monitored by rou- 
tine laboratory tests on the first and last study days. On each phase 
day of the study, subjects were also monitored for any adverse event. 
while they were asked to report any unexpected reaction immediate- 
ly during the wash-out periods. 

The pharmacokinetic parameters were calculated by SIPHAR 
software (Simed, France), according to a single, open-compartment 
model, using the Powell algorithm for curve fitting and analyzing 
separately the data from each volunteer. The following parameters 
were calculated: maximum plasma concentrations (Cmax), the corre- 
sponding times (tmax), and elimination half-life (tl/2). The area under 
curve (AUC) was calculated by the trapezoidal method between the 
first and last experimental points (AUCo_24). The availability (F) of 
the s.c. compared with the i.v. administration was calculated as the 
ratio of the respective AUCs and expressed as a percentage. The ki- 
netic parameters were statistically compared by analysis of variance, 
taking a P value <0.05 as statistically significant; the test was com- 
pleted by Bartlett's test for homogeneity of variances among groups. 
When the test was significant, a non-parametric analysis was per- 
formed (Kruskal-Wallis test). 

Results 

Twelve  heal thy  volunteers  were  admit ted  to the study, 6 
males  and 6 females ,  mean  33 years (range 22 -45  years).  
Subjects  3 and 5 were  not  inc luded  in the pharmacokine t i c  
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eva lua t ion  of  the i.v. route, as they did not rece ive  the whole  
D e s m i n  dose.  In both subjects  wash ing  of  the but terf ly nee-  
dle tube was imposs ib le  due to the rupture of  the cubital  
vein.  

The  aPTT (normal  va lues  3 0 - 4 0  s) showed  very  small  
var ia t ions  and r ema ined  wi th in  the normal  range, both for 
the i.v. and the s.c. in ject ions .  The  absence of  any varia-  
tion after  Desmin  admin is t ra t ion  ruled out a pharmacok i -  
net ic  evaluat ion.  Our  data indicate ,  in accordance  with 
o ther  repor ted  studies [10-14] ,  that aPTT is not in f luenced  
by s ingle  i.v. or  s.c. admin is t ra t ion  of  the doses tested. 

The  TT (normal  va lues  15-21 s), measured  using 
2 U/ml  human thrombin ,  showed ,  after i.v. adminis t ra t ion 
o f  200 mg of  Desmin ,  an a lmos t  immedia te  and quite 
marked  act ivi ty  peak, p roduc ing  an incoagulab le  (>600 s) 
sample .  Af t e r  30 rain values  re turned to normal .  The  s.c. 
in ject ion of  200 mg induced a s l ight  var ia t ion in TT, reach-  
ing a plateau o f  about  21 s, which  was mainta ined for up 
to 8 - 1 2  h. The  s.c. in jec t ion  o f  300 mg produced  the mean 
peak  of  ac t iv i ty  (28.3 s) af ter  2 h, with return to the nor- 
mal range in app rox ima te ly  12 h (Fig. 1A). Pharmacok i -  
netic eva lua t ion  o f  these data was not possible,  due to the 
shor t - las t ing e f fec t  o f  the drug,  which  fai led to inf luence  
this pa ramete r  under  our  expe r imen ta l  condi t ions .  

The  act ivi ty  of  Heptest  was calculated as mic rograms  
per mil l i l i ter  o f  Desmin  using a reference  curve  obta ined 
by in vitro addi t ion o f  known amounts  of  Desmin  to nor- 
mal plasma.  This  parameter  was clear ly  inf luenced  both by 
the i.v. and the s.c. (200 and 300 mg) adminis t ra t ion of  the 
drug (Fig. 1B, Table 1). Af te r  i.v. administrat ion,  200 mg 
of  Desmin  induced s ignif icant  increases  of  Heptest ,  with 
return towards basel ine  in about  6 h. Af te r  the s.c. inject ion 
of  200 and 300 mg the Cm~x was half  that recorded after i.v. 
infusion (10.30 and 13.83 ~g/ml ,  respec t ive ly) ;  this was re- 
corded  after 3 h with values  re turning to normal  in about 
24 h. Taking into account  the A U C ,  the p lasma effects  
measured  by Heptes t  were dose dependent ,  whi le  the peak 
t imes ( reached for  both dosages  in about 3 h) were  inde- 
pendent  o f  dose:  the hal f - l ives  were  longer  after s.c. than 
i.v. inject ion and were  dose dependen t  ( P < 0 . 0 5 ) .  W h e n  
compared  with i.v. adminis t ra t ion,  the mean avai labi l i ty  of  
the s ingle 200-rag s.c. dose was more  than 100% (167%).  

HC II ac t iv i ty  (S tachrom D.S.)  was ca lcu la ted  as mi-  
c rog rams  per  mi l l i l i te r  by means  o f  a re ference  curve  ob- 
ta ined by in vi t ro  addi t ion o f  known  amounts  o f  Desmin  
to normal  p lasma.  HC II ac t iv i ty  was clear ly  in f luenced  by 
the s ingle i.v. adminis t ra t ion  o f  200 mg of  Desmin :  the first 
sample  after  in ject ion,  d rawn at 15 min,  s h o w e d  a mean 
ac t iv i ty  o f  17.58 ~g /ml ;  va lues  re turned to base l ine  in 
about  2 h. In contrast ,  s.c. in jec t ion  o f  200 and 300 mg pro- 
duced,  at the same peak t ime (around 120 min),  a mean  
Cma • va lue  of  3.1 and 3.56 ~tg/ml, respect ive ly ,  wh ich  was 
about  f ive fo ld  less than after i.v. in ject ion.  Wi th in  12-24  h 
va lues  again re turned  to the normal  range. The  S t ach rom 
D.S.  act ivi t ies  d i sappeared  with  an average  tt/2 o f  around 
2.5 h, at least  twice  as s lowly  as af ter  i.v. in jec t ion  (Fig.  1 C, 
Table  1). W h e n  compared  wi th  i.v. adminis t ra t ion ,  the 
mean  avai labi l i ty  o f  the s ingle  200-rag  s.c. in jec t ion  was 

136%. 
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Fig. 1 Effect of the i.v. administration of 200 mg Desmin and of the 
s.c. administration of 200 and 300 mg Desmin on thrombin time (per- 
formed using human thrombin 2 U/ml) (A), on Heptest (B), on he- 
parin cofactor [I activity (Stachrom D,S.) (C), and on the inhibition 
of factor Xa (chromogenic aXa method) (D). Data are mean_+SEM 

Anti-Xa activi ty was expressed as heparin international 
units per milliliter,  calculated against  reference curves ob- 
tained by diluting the fourth international heparin standard. 
After an i.v. bolus, a s ignif icant ly elevated activity, with a 
mean peak value of  0.25 IU/mI, was recorded; after 200- 
and 300-mg s.c. doses the mean peaks were recorded at 
around 3 h, of  about the same value (0.15 IU/ml). Normal 
values were reached within 8 -10  h (Fig. 1D, Table 1). The 
kinetic behaviour was dose independent and the bioavail-  
ability of the 200-mg s.c. dose was 108%. The AUC of 
these two s.c. dosages was almost superimposable 
(P=NS) .  

No signs of  local intolerance were recorded in the 12 
volunteers. All  subjects rated an absence of pain at the in- 
jection site by VAS, except subject  no. 2, who complained,  
after the 200-mg dose, of a very painful reaction, not pre- 
sent after the 300-mg dose and clearly attributable to an 
excessive psychological  reaction. No changes in labora- 

tory parameters  of  systemic tolerance were detected at the 
end of  the study compared with basal values. Furthermore. 
throughout the whole study period no adverse reactions 
were recorded. 

Discuss ion  

The single i.v. administrat ion of  200 mg of  Desmin m 
healthy volunteers has a very slight effect on some tests 
such as aPTT and TT, while the Heptest  and Stachrom D.S. 
tests show specific drug effects. The single administrat ion 
of the two s.c. doses tested confirms that these standard co- 
agulation tests are not sensitive enough to Desmin to serve 
as useful indicators of  circulating concentrations,  particu- 
larly at the low levels generated by extravascular  admin- 
istration. In contrast, the Heptest  and Stachrom D.S. as- 
says were clearly influenced by the single s.c. administra-  
tion of 200 and 300 mg of the drug: the greatest response 
being recorded for Heptest. A possible  explanation of this 
is that while Stachrom D.S. measures only the affinity of 
Desmin for HC II, the drug influence on Heptest  is the re- 
sult of  both anti-IIa and anti-Xa activities. It is generally 
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Table 1 
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Cma x tma x tl/: AUG(o_24 ~ F 
(btg/ml) (h) (h) (}.tg/ml (%) 

per hour) 

Heptest 
200 i.v. 25.90 (1.57) - 2.35 (0.78) 56.69 (6.38) 
200 s.c. I0.30 (0.73) 2.75 (0.13) 5.78 (0.51) 94.77 (6.50) 167 
300 s.c. 13.83 (0.94) 3.08 (0.31) 7.08 (0.38) 154.66 (9.18) 
200 s.c. vs. 300 s.c. P<0.01 NS P<0.05 P<0.001 

Heparin cofactor II activity 
200 i.v. 17.58 (l.15) - 0.88 (0.09) 17.65 (1.66) 
200 s.c. 3.10 (0.20) 2.17 (0.39) 2.36 (0.31) 24.02 (1.45) 136 
300 s.c. 3.56 (0.22) 1.92 (0.15) 2.54 (0.33) 27.62 (1.38) 
200 s.c. vs. 300 s.c. NS NS NS NS 

a Mean (_+SEM) Pharmacokinetic parameters of Desmin (Cma • maximum plasma concentration, 
tma x time of Cma • tl/: half-life, AUC area under the curve, F availability) 

a c c e p t e d  that  Hep t e s t  m e a s u r e s  p r e d o m i n a n t l y  the an t i -Xa  
ac t iv i ty  o f  g l y c o s a m i n o g l y c a n s  g i v e n  at low c o n c e n t r a -  
t ions ,  wh i l e  at h i g h e r  c o n c e n t r a t i o n s  it is i n f l u e n c e d  by 
b o t h  the  a n t i - X a  and  the an t i - I I a  ac t iv i t i e s  [16]. Fu r the r -  
more ,  it was  pos s ib l e  on ly  wi th  H e p t e s t  to reg is te r  dose-  
re la ted  p h a r m a c o k i n e t i c s  o f  a s ing le  dose ,  p r e s u m a b l y  due  
to d i f f e ren t  s ens i t i v i t y  o f  the  two tests.  

A very  h igh  b ioava i l ab i l i t y ,  a lways  g rea te r  than  100%, 
was  r eg i s t e r ed  for  the  s.c. rou te  o f  adm i n i s t r a t i on :  this  
cou ld  be  due  to the  low m o l e c u l a r  w e i g h t  o f  D es m i n ,  w h i c h  
fac i l i t a t es  the  a b s o r p t i o n  f r o m  the site of  i n j ec t ion  and  the 
d i f fus ion  in to  the i n t r a v a s c u l a r  c o m p a r t m e n t .  The  b io-  
ava i l ab i l i t y  o f  na tu ra l  d e r m a t a n  su l fa te  at the same  dose  
(200  mg)  is m u c h  lower  [17].  T he  ca l cu l a t ed  A U C  of  
g rea t e r  than  100% cou ld  be  due  to the  i n c o m p l e t e  co r re l a -  
t ion  b e t w e e n  the  uni t s  r e c o r d e d  in vivo and  the r e -ca l cu la -  
t ion  in vitro; f u r t h e r m o r e ,  the  A U C  c a l c u l a t e d  for  the i.v. 
a d m i n i s t r a t i o n  may  be an u n d e r e s t i m a t e ,  s ince  the f irst  
b lood  s a m p l e  af te r  i.v. i n f u s i o n  was  d r a w n  af te r  15 min.  
S ing le  a d m i n i s t r a t i o n s  o f  D e s m i n  were  w i t h o u t  adver se  ef-  
fects  and  were  c h a r a c t e r i z e d  by  a very  good  local  to le r -  
abil i ty.  
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