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The dissolution rates of a number of chloramphenicol-urea samples were studied. 
Solubility studies indicated that urea increased significantly the solubility of chlo- 
ramphenicol; this resulted in a large increase in the initial dissolution rate of chlo- 
ramphenicol from physically mixed samples of the drug with urea. The (Y solid 
solution of chloramphenicol in urea was found to dissolve twice as rapidly as a 
physical mixture of the same composition, and almost 4 times as rapidly as the pure 

drug. 

HE IMPORTANCE of particle size reduction as a 
Tmeans of increasing dissolution rates is well 
established. The methods by which a drug may 
be presented to the gastrointestinal fluids in 
finely divided form has been reviewed by Levy 
(1). Among the various ways to obtain micro- 
crystalline dispersions in vivo is to administer a 
eutectic mixture composed of the drug and a 
substance which readily dissolves in water (2). 
This approach has been employed to enhance 
the dissolution rate of chloramphenicol (3). 
The results of this study were explained on the 
basis of particle size reduction of chloramphenicol 
in the drug-urea fused mixture (3). 

Goldberg et al. (4) have raised a number of 
theoretical questions concerning the proposed 
mechanism of this phenomenon. Alternatively, 
these authors suggested that the enhanced dis- 
solution rate was attributable to the presence of 
solid solutions in the system rather than simple 
cutectic formation. Indeed, the sample pre- 
pared by Sekiguchi et al. (3) at the eutectic com- 
position manifested no enhancement in the 
dissolution rate ol chloramphenicol as com- 
pared to the pure drug. An increase in dissolu- 
tion rate bccanic apparent only whcn a saniplc 
 containing urea in excess of tlic eutectic com- 
iwsition was investigated. 

The failurc of the cliloraiiipliciiico;-urcd 
eutectic mixture to display increascd dissolution 
of the antibiotic drug raises doubts concerning 
the gcneral utility of the simple eutectic mixture 
in modifying dissolution. These doubts are 
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heightened by a recent study by Goldberg and 
co-workers (5 )  on acctyl paminophenol-urea 
mixtures. This binary system showed prac- 
tically no solid solubility. Examination of the 
results of this investigation indicated that 
particle size reduction in the eutectic mixture 
played a negligible role in enhancing dissolution. 
Conversely, a subsequent study (6) convincingly 
demonstrated the importance of solid solutions 
in modifying dissolution charactcristics. Thc 
griseofulvin-succinic acid solid solution was 
found to dissolve 6-7 timcs faster than the pure 

The purpose of this present investigation was 
to examine the dissolution properties of various 
mixtures of chloramphenicol and urea in order to 
elucidate the mcchanism involved in the rc- 
ported cnhanccmcnt of the rate or solution of 
chloramphenicol from these mixtures. 

drug. 

EXPERIMENTAL 

Sample Preparation.-The fused mixtures of 
chloramphenicol1 and urea were prepared by adclirig 
the powdercd blend to  a stainless steel crucible 
immersed in a tcmyerature-controlled silicoric Auid 
bath prchcatcd to the melting point of the mixture. 
The mixture was constantly stirred until a hoiiio- 
gcucous liquid rcsultcd. 'l'hc t i i o l t c ~ ~ i  niatcrial was 
then cast irnniediately on chrorne-platcd stainlcss 
stccl platcs and allowcd to congcal. The solidified 
mass was crushed with a mortar and ppstle and then 
sieved through standard screens using a Syritron 
shaker.2 Thosc particlcs passing through a No. 50 
standard screen but retained on a No. 60 screen 
were used in the dissolution studies. The particle 
size of pure chloramphenicol was increased in the 
same manner. The samples investigated are listed 
in Table I. The chlorarnphenicol content of each 
sample was verified by spectrophotometric analysis. 

1 Cbloramphenicol used was generously supplied by Fa] ke, 

2 Syntron TSS-2.5 Test Shaker, Synti-on Co., Homer City, 
Davis & Co., Detroit, Mich. 

Pa. 
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TABLE ~.-CIILORAMPIIENICOL A N D  CHLORAXPAEN- 
ICOL-UREA S A M P L E S  P R E P A R E D  POK r ~ I S S O L ~ T I O N  

S T U D I E S  
,_______. 

yo a Solid 
Sample yo Cumpn. Description Soh. 

r l ,  Chlo- 100 . . .  . . .  

H, Chlo- 92 Fuscd, p solid 0 
ranipheiiicnl 

ra~nphcnicol soln. 

Jourtiul o j  P/~armucez~ticc~1 Sciences 

water bath. The stir paddle was rotated in the 
fluid a t  a constant rate of 53.5 r.p.m. After iniiiier- 
sion of the tape frame, 1-nil. samples were with- 
drawn a t  3 and 5 min. 

Assay Procedure.- Chloramphenicol coneentra- 
tion was determined spectrop~iotonietrically. Bach 
sample was dilutcd suitably with distilled water and 
the absorbance dcterniiried a t  274 inp using a 
BeckIrian DB recording spectrophotonleter. Con- 
ccntrations were calculated from a previously pre- 
pared Beer's law- plot. 

RESULTS AND DISCIJSSION 

Phase Diagram-As notrd by Goldbcrg P t  a(. (4) 
the ehloramphenicol-urea system exhibits a great 
dcal of solid solubility. This is manifested by the 
existence of regions a arid /3 in the phasc diagram 
depicted in Fig. 1. At the eutectic point the mixture 
contains 76yh chloramplienicol which is prcscnt as 
part of 2 distinct saturated solid solutions. The 
saturatcd 01 solid solution contains 3 0 ~ o  chlo- 
ramphcnicol, while the saturated p solution contains 

Crea 8 
C, Chlo- 76 Fused, euteetic 23 

ramphcnicol mixture 
Urea 21 

I ) .  Clllo- 55 F W C ~  58 
ramnlicriicol 

Urci 
E ,  Chlo- 

45 
43 Fused 78 

ramp henicol 

ramplicnicol soh1 . 

LJrea 6 7 

Urea '74 

F ,  Chlo- 26 Fuwd, CY solid 100 

G, Chlo- 26 Physical . .  
raniphenicol mixture 

Urea 74 

Solubility Studies.-The solubility of chlo- 
rarriphenicol as a function of urea concentration was 
studied in aqucous solution. An excess of chlo- 
ramphenicol was added to  30 ml. of distillrd water 
containing various concentrations of urea, in  60-nil. 
screw-top vials. The vials were then placed in an 
incubator shaker3 and maintained a t  37" until 
equilibrium was established. 

Solubility studies wcre also conducted with 
sample F ( a  solid solution) arid sample G (a  pliysical 
mixture corrcsponding in composition to  the LY- 

solid solution). An exccss of each sample was 
placcd in 30 ml. of water arid incubated until the 
system reached equilibrium. This experimcnt was 
conducted t o  insure that fusion did not result in 
decomposition of the active ingredicnt. 

Dissolution Rate Studies.-The dissolution rate 
of chloramphenicol from each of the samplcs listed 
in Table I was determined by means of the tape 
method (7). The quantity of material dusted on 
the adhesive surface varied with the individual 
sample but in each case corresponded to  10 mg. of 
chloramphenicol. The choicc of a constant amount 
of drug is based on the assumption that if no inter- 
action occurs, then the drug crystallizes from the 
melt t u  form particulates, within the mass, of ap- 
proximately thc same size regardless of urea concefi- 
tration. If this hypothetical situation did exist, 
thcn all fused samples should show the same dis- 
solution rate since thc urca rapidly dissolves a 1 ~ 1  
leaves behind about 10 rng. of drug in thc form of 
equal-sized particulates, having the samc surface 
area. Under such conditions i t  would not be 
reasonable to maintain sample size constant since 
the apparent dissolution rate would decrease as thr  
concentration of diluent increases and the corre- 
sponding effective surface area decreases. 

The dissolution fluid consisted of 400 ml. of dis- 
tilled water maintained at 3'7" in a 600-ml. beaker 
which was immersed in a coiistaiit-tciripcrature 

3 C.yl,,trrry Incubatc,r Shakel, niodel 0 2 5 ,  Ken. Uiunswick 
Scientific Co., Ncwv Biunswick, N. J. 
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Fig. l.-Phase diagram for chloramplieiiicol-urea 
system 13). 
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Fig. 2.-Solubility of cliloruniplic~iiieol iti aqueous 
solutions of urea at 37'. 
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TABLE II.--I)ISSOLTJ.I.ION S.I.UI)IRS OF CHILIRAM- 
PHESICOL FROM FUSED AND PHYSICAL MIXTURES 

WITH UREA 
~~ 

~~ 

Amt. Dissolved, Relative 
ing.j400 ml: Dissolution 

SampleR 3 min. 6 min. Rate at  3 min. 
A ,  Pure drug 1 . 3  1.8 1 . 0  
B ,  6 solid soln. 1 . 3  1.7 1.0 
C. Eutectic 1 . 7  3 .3  1 . 3  
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0; 58”/;, 01 solid soh.  2 . 4  3.0 1 8  
E ,  78% u solid soln. 2 . 8  3 ,  X 2 2  
F ,  N solid soh. 4 . 9  6 . 2  3 . 9 
G ,  Physical mixture 2 . 4  2.9 1.8 

a Refer t o  Table I for description of samples. 

00‘:; of the drug. The eutectic mixture actually 
consists of 23% 01 and 77y0 B solid solution. The 
01 and p solid solutions account for 7 and 69 parts, 
respectivcly, of the total 76 parts of chloraniphenicol 
present in tlie eutectic mixture. 

Solubility Studies.-The data presented in Fig. 2 
clearly dcmonstratc tlic significant effect of urea on 
thc solubility of cliloratiiplieiiicol. A grmter than 
sevenfold increase in the solubility of the drug was 
ohservcd over the urca coiiceiitratioii range studied. 

The solubility of the 01 solid solution was found 
to  he identical with that of a physical mixture of the 
same composition. This finding is indicative of the 
absence of chemical reaction between the drug and 
carrier wliich could occur during the fusion process. 
Therefore, the samples differ only w-ith respect to 
their physical state. 

Dissolution Rate Studies.~-The results of thc dis- 
solution studies arc shown in ’I’ahle 11. Inspection 
of each of these rates reveals a number of interesting 
relationships as well as an insight to  the complcxitics 
involved in the dissolution of cliloraruphenicol from 
the fused binary mixtures. 

The chloramphcnicol-urea eutectic w-as found to 
dissolve somewhat faster than the pure drug with a 
comparable particlc size. Sekiguchi et al. (3) were 
unable to detect differences in the dissolution ratc of 
the eutectic mixture and the pure drug. The 
experinietital discrepancies between the formcr 
study and the present work may be ascribed to dif- 
ferenccs in the method of detcrmining dissolution 
rate. The method employed by Sekiguchi and co- 
workers involved a higlicr dcgrcc of agitation than 
employed in this investigation. The use of high 
shcar in in uitro dissolution investigations tcnds to 
obviatc differences arising from ~iiicroetivironi~ieiit~~l 
factors which would he significant in vine. Three 
individual (or possibly conccrtcd) factors arc iii- 
volved in tlie dissolutioii of chloramphenicol from 
the eutcctic. These include local soluhilizatioti, 
particle size reduction, and the prescncc of a siqnif- 
icaiit amount of the rapidly soluble 01 solid solutioii. 

‘Thc iniportancc of the niirroenvirorirrierit~~l effect 
of urea on the dissolution of chloranipheriicol may 
be appreciatcd by coiisidcring the dissolution rate of 
the physically mixed cliloramplienicol-urea sample. 
As rioted in Table 11, the rclativc dissolution ratc of 
the drug frotn sample G is almost twice as rapid as 

from thc pure chloramphenicol. Tlie solubility of 
chlommphcnicol is siguificantly higher in the micro- 
environment (which approximates a saturated solu- 
tion of urea) than iri the bulk and the drug dissolvcs 
rapidly. 

The significance of solid solution formation in the 
enhanccmcnt of dissolution can he realized hy coiii- 
paring the results obtaiued lrom saniplcs F and G. 
Both samples are identical with respect to composi- 
tion hut differ in that sample F is a fused mixture 
and is actually coinposed of a homogeneous solid 
solution of chloramphenicol in urca. One would 
anticipate that the local effect of urea would be 
approximately the same in both samplrs or perhaps 
somewhat lower in the fused sample where urea 
exists in a rnorc hydrophobic solid cnvironmcnt and 
conceivably dissolves a t  a slower ratc. Despitc this 
seeming equality, the initial dissolution rate of 
cliloramphcnicol from the 01 solid solution is rnorc 
than twice that of the physical mixture aiid almost 4 
times greater than the rate of solution or the pure 
drug. These diffcrcnccs may only bc ascribed to 
the physical state of the chluraInplienico1 in the 
fused sample. 

In a previous paper (4), Goldberg et u Z .  thcorizcd 
that the ,b’ solid solution of urea in chloratnphenicol 
may demonstrate a strong crystal latticc. The rc- 
sults of dissnlutioii studies conducted with the p 
solid solution iudicate that despite the prcscuce of a 
significant quantity of urea in the sample the solu- 
tion rate is approximately equal to that of the pure 
drug. This is rather surprising in that the mcra 
presence of a material as soluble as urea in tlie 
crystal would tend to increase the wetting of the 
particle and in this iiiauner alone increase effective 
surface area and thereby iricrease dissolution rate. 
The inability to demonstrate this effect may pcr- 
haps he attributable to the formation of a crystal 
lattice in which the chloramphcnicol is bound a t  
lcast as tightly as in the pure crystal. 

Comparison of the results obtained with samples 
B,  C, D, E ,  and Freveals an interesting relationship. 
These samples range in 01 solid solution contcnt from 
0% (pure B solid solution) to 100% (pure 01 solid 
solution). Tlie rate of dissolution of chlorampheni- 
col from these mixtures was found to he a direct 
function of tlie (2 solid solution contcnt of the 
sample. With an increase in the per cent 01 solid 
solution in the sample thcrc was a corrcsponding 
increase in thc rate of solution of the drug. 

The findings of these investigations once again 
point out the potential importance and hioplmrma- 
ceuticd significance of solid state molecular disper- 
sioris in the enhancement of dissolution ratc. 

(4) Goldberg, A. H., Gibalcli, M., and Kanig, J. L., J. 
P’lzarnz. Sci., 54, 11-15(196.5). 

(5)  Jbid. ,  55, 482(1966). 
(6) Ibid. ,  55, 487(1Yti6). 
(7) Goldbeig, A. H., Gihaldi, I%, Kania, J. L., and 

Sivanlier, J.. ib id . ,  54, 1722(1!185). 




