
IN TRO DUC TION
The typi cal sus pen sion con sists of solid par ti cles, a sol -

vent, and a sus pend ing agent. Uni form ity and pre ci sion of
a s in gle dose are re quired for phar ma ceu ti cal sus pen sions.
Solid sedi ments formed af ter stand ing still must be im me di -
ately re- dispersible and dis trib uted ho mo ge ne ously. In lite-
ra ture, there are many ex am ples of us ing sus pend ing agents
such as modi fied starch, de riva tives of cel lu lose, xan than
gum or poly viny lopyr ro lidone [3, 6, 10, 11, 14]. Sus pen -
sions are well known prepa ra tions, used in food, medi cal and 
other tech nolo gies. In medi cine, there are many ap pli ca tions
of sus pen sions for ex ter nal use – trans der mal de liv ery drug
[7], ocu lar de liv ery drug [8]. There are widely used sus pen -
sions for oral [12], res pi ra tory [4], or in tra ve nous treat ment
[13].

In the lit era ture, there is no data con cern ing sus pensions
with starch hy dro lysates (SH) re ceived ac cord ing to our pre -
scrip tion. There fore, the in flu ence of starch hy dro lysates on
physi cal properties of sus pen sions was tested. 

MA TE RI ALS AND METH ODS
Ma te ri als. Starch (potato starch) used in this study was

pro duced by Nowa myl S.A. Łobez Po land. Pro ges ter one
(PR) was pur chased from Fluka Che mie, Swit zer land, citric
acid (CA), gla cial ace tic acid (GAA), etha nol (760 g/ml) -
(ET) were pur chased from POCH Po land.

Hy droly sis of starch. Starch was treated with CA, GAA
so lu tions and wa ter at 95oC for 2 or 4 hours for ob tain ing
starch hy dro lysate SH2 or SH4 re spec tively. The received
sedi ments were cleaned with ET and evapo rated for sol vent
to be elimi nated [1]. Mo lecu lar mass of ob tained hy dro -
lysates was es ti mated in cryos cope (Tri dent 800 CL) on the
ground of freez ing point de ter mi na tion. Molecu lar mass of
SH2 amounted to 2.356 kDa and 1.105 kDa for SH4. 

Prepa ra tion of sus pen sions. Sus pen sions were pre pared
as fol lows: Pro ges ter one (0.4 g) with slight amount of ET
was well mi cronized in mor tar. Next, pu ri fied wa ter or suit -
able SH was added ac cord ing to Ta ble 1. Sus pen sions were
well ho moge nized by mix ing and tested for physi cal re quire -
ments ac cord ing to Pol ish Phar ma co poeia VIII edi tion.

Ta ble 1. Sus pen sion prepa ra tion

Suspension
Proges-
terone

(mg/ml)

Aqua
 (v/v)

Aqueous solution 
of SH4(v/v)

Aqueous solution 
of SH2(v/v)

10% 20% 10% 20%
Z01 4 100 – – – –
Z02 4 – 100 – – –
Z03 4 – – 100 – –
Z04 4 – – – 100 –
Z05 4 – – – – 100

Den sity and vis cos ity tests. The rela tive den sity of sus -
pen sion [9] can be es ti mated by pyc nome teric tech nique and
cal cu lated from equa tion 1:

   d m
wm  


 


0997 00012. .  [g/cm3], Eq. 1

where:  dm – the rela tive den sity of tested sus pen sion at  20C,
m – weight of tested sub stance  in pyc nome ter, w – weight of wa ter
in the same vol ume, 0.997 – den sity of wa ter at 20C, 0.0012 –
cor rec tion of weigh ing in air at mos phere.
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The dy namic vis cos ity of sus pen sion can be as sayed with
Höp pler vis co sime ter, and cal cu lated from equa tion 2:

      K t d dk m( )  [mPa x s], Eq. 2

where:  – the dy namic vis cos ity, K – co ef fi cient of ap pa ra tus ball,
t – time of fal ling of ball in sec., dk – den sity of ball, dm – the rela tive
den sity of tested sus pen sion.

Sta bil ity test. Sus pen sions were tested for sta bil ity ac -
cord ing to Stokes’ law [5], and cal cu lated from equa tion 3:

      
 



d gs o

2

18
( )

  [cm/sec], Eq. 3

where:  – the ter mi nal ve loc ity in cm/sec, d – the di ame ter of the
par ti cle in cm, s and  o – den si ties of the dis persed phase and
dis per sion me dium re spec tively, g – the gravi ta tional ac cel era tion
and  – the vis cos ity of the dis per sion me dium in poise. The re sults
were re cal cu lated to cm/day.

Re sults of den sity, vis cos ity, and sta bil ity tests are pre -
sented in Ta ble 2.

Ta ble 2. Vis cos ity, den sity and sta bil ity of sus pen sions (n=3)

Suspension Density 
(g/cm3)

Viscosity 
(mPa x s)

Stability 
(cm/day)

Z01 1.0220   9.02 85.85
Z02 1.0480 29.07   0.15
Z03 1.0872 76.11   0.05
Z04 1.0434 13.04   0.38
Z05 1.0698 88.90   0.04

Drug re lease test. Dis so lu tion pro files of PR from prepa -
ra tio nes – Z01, Z02 and Z04 were de ter mined us ing
ex trac tion method [2]. The sus pen sion (1 ml) was placed
into a dis so lu tion me dium (99 ml) of phos phate buffer pH
6.8 or so lu tions of this buffer with 10 %, 20 %, 30 % (v/v)
ad di tion of ET. Flasks were gen tly shaken at in ter vals, the
tem pera ture was main tained at 21oC. Dis solved PR con cen -
tra tion was de ter mined by spec tro pho tomet ric method.
Dis so lu tion pro files of PR (n = 3) are shown in Figs 1-3.

RE SULTS AND DIS CUS SION
Ad di tion of SH changes the physi cal prop er ties of sus -

pen sions. Dy namic vis cos ity of sus pen sion with out SH
(Z01) amounts to 9.02 mPa x s. The 10%-a dd ition of SH in
sus pen sions   in creases the vis cos ity to val ues 29.07 mPa x s

– Z02, and 13.04 mPa x s – Z04, in case of 20%-a dd ition of
SH4, the vis cos ity in creases by 8 times for Z03 –  76.11 mPa
x s and nearly 10 times for Z05 with SH2 – 88.9 mPa x s.

Sus pen sions are more sta ble with SH. In prepa ra tion Z01, 
sedi ments were formed quickly –  85.85 cm/day – it may pro -
voke com pact mass, dif fi cult to re- distribute. The 10%-addi-
tion of SH2 caused in crease of sta bil ity by 226 times (0.38
cm/day – Z04) and by 572 times for E02 with SH2 – 0.15
cm/day. Bet ter re sults were ob tained by ad di tion of 20%
SH2 and SH4 – 0.04 cm/day for Z05, and 0,05 cm/day for
Z03 re spec tively.

Dur ing drug re lease, the test sus pen sions Z01, Z02, and
Z04 re leased PR ac cord ing to zero- order pro cess up to 4 hours.
There fore, drug re lease rate con stants (K0) were cal cu lated,
ac cord ing to the equa tion 4:

           K0 = Mt / t   [mg/h], Eq. 4

where:  K0 – drug re lease rate con stant (mg/h), Mt – quan tity of
re leased drug (mg), t – time (h). Sus pen sions re leased PR very
weakly, from 0.113 mg af ter 24 h – Z01 to 0.161 mg – Z04. 

However, ad di tion of ET to phos phate buffer in creases
the val ues of drug re lease rate con stant ac cord ing to Ta ble 3.
The fast est re lease rate con stant of PR ap pears in case of sus -
pen sion Z02, which re leases drug into phos phate buffer with 
30% ad di tion of ET (K0 = 1.0008 mg/h), the slow est re lease
rate con stant has been re ported with sus pen sion Z01 re leas -
ing PR into pure phos phate buffer (K0 = 0.0288 mg/h).

Con clud ing, the pres ence of starch hy dro lysates in creases 
dy namic vis cos ity and sta bil ity of sus pen sions. 
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Fig. 1. Release of progesterone from suspension Z01 (n = 3)

Fig. 2. Release of progesterone from suspension Z02 (n = 3)

Fig. 3. Release of progesterone from suspension Z04 (n = 3)



Ta ble 3. Drug re lease rate con stants of prepa ra tions (n=3)

Suspension

K0 (mg/h)
Buffer

phosphate
pH 6.8

Buffer 
+ 10% ET

Buffer 
+20 % ET

Buffer 
+ 30% ET

Z01 0.0288 0.2933 0.5926 0.6356
Z02 0.0348 0.5110 0.7721 1.0008
Z04 0.0360 0.3333 0.5586 0.5998

The val ues of re leased pro ges ter one into pure phos phate
buffer pH 6.8 are not sig nifi cant but ad di tion of ET to ac cep -
tor me dium in creases the re lease rate con stants (K0). The
pres ence of SH in sus pen sions also in creases the re lease rate
con stant of PR.
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