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The roblem of the existence of 1nter-
lot and mter-tablet vartation in the diss-—
olution rates of nitrofurant ion (NFT) mar keted
tablets,attraets,the attention for mvest ig~
atmg the microcrystalline NFT powder used
m formulating the marketed tablet moducts.
The x~ray diffractometry ard the differe1t-
tal scamning celorimetry of five mieroerys=
talline NFT powders obtaimed from different
mmufacturems revml ed that this drug 18 not
exhibit mg polymor thuemNFT hydrates of large
mrticle size were observed to be formed
when the drug was to be ™ contact with water
with the pH values i the acidic range. The
un ex pected dissolution—-pH profile of stored
NFT suspensions prepared by mecipitat ion at
fdl & 4 from alkaline solut ion may be 1llus-
trated by the possibility of tautomeric tr-
an 8formations ™ the drug. This was more
reveal ed by the observed reversible shift of
the X maxima on ehanging the rH of its
solut ion 8.

Nitrofurantoin, a urinary tract antibacterial agent,
possesses relatively low aqueous solubility characteristics

at pH values normally encountered in the various segments of

: . 1 e L :
the gastrointestinal tract , As a result, it is not surpri-

sing that the drug displays a particle size dependence in

& L & 2 »
1ts dissolution rate and hence the rate and extent of its

bioavailability in mang-s.

Newton and Ra2206 found that the solubility of nitrof-
urantoin is the major factor for contorlling the drug release
| L & # ? [ 4
from capsules. Frigerio and venier found a good correlation

between the bioavai1abi1ity of commercial tablet products

8
and both the tablet hardness and disintegration time. Mendes et al
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in an investigation for the bioequivalency of nitrofuran-
tion, found that neither processing methods nor compress-
ion force would significantly affect the dissolution rate
of the tablets. The results of another study done by the _
same author39 indicate the presence of a good rank order “ ‘
correlation between one hour cumulative dissolution.of some

formulations and their three hours cumulative excretion.

They stated that, all formulations in which at least 25%Zof

the drug is dissolved within one hour were biocequivalent.

The USP XIXIO nitrofurantion monograph specifies that

the time required for 607 of the labelled amount to diss~-

olve 1s not less than one hour, In the light of the findings

of Bates et al.l, i1t was stated that, the rationale under-

lying the official dissolution rate specification for nit-

rofurantion tablets appear qulte arbitrary and inconsistent

witﬁ the dissolution profile and potential toxicity of the -
official suspension dosage form., Many authorszz-ls found |
that, although the tested commercial nitrofurantion tablet

products met the USPXIII specifications, significant diff-

erences were observed in their availability. . In a recent,

report, Groning14 stated that the USP XIX dissolution test

does not reflect the differences between dosage forms of

nitrofurantion,

6 -
Mattok et al, and Hossie and Mc Gilveraylsfeported -

the existence of inter-lot and inter-tablet variation in
the dissolution rates of commercial nitrofurantion products
and these variations could make the correlation with absor-~
ption parameters difficult.

11-13, 15-18 about nitrofur-

However, numerous reports
antion provide support for the contention that not all co-
mmercially available products meeting compendial require~

ments necessarily exhibit equivalent bioavailability,

Concerning the effect of the pH of the dissolution

medium on the dissolution profile of nitrofurantion products, -
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Bates et allgnfound that the pH 7.2 phosphate buffer med-

ium suggested by the USP was unable to discern inherent pa-
rticle size dependent differences in the rate of solution
from tablets and capsules. They claim for the modification
of the official USP dissolution specification for products
of this drug. Moreover, Suttan et 31.20 stated that the
dissolution rate of nitrofurantion tablets is highly brand-
individualized and complex and the effect of pH of the dis-
solution medium on a particulate formulation is unpredicta-
ble. Also , they concluded that the value of any in-vitro
procedure to predict bioavailability for nitrofurantion is

questionable,

The aim of this study was directed to investigate
the dissolution rate behaviour of NFT solid dosage forms
available from the local market, A collection of five micr-
ocrystalline NFT powders used in formulating the drug was
obtained from different manufacturers and subjected to th-

orough investigations.

- EXPERIMENTAL

" '1- Materials:

l1- Commercial formulation products:

~ Four batches of nitrofurantion tablets supplied

by manufacturer I,

- One batch of nitrofurantion tablets supplied by

manufacturer 11,

-~ One batch of nitrofurantion capsules supplied

by manufacturer IIT,

2- Mitrofurantion powders :-
Five samples supplied by Marsing(Denmark), Smith
Kline & French(England) and Kahira Pharm, &

Chem., Ind. Co. (Egypt).
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.........

Dimethyl formamide, Glacial acetic acid, Sod. acet-
ate, Hydrochloric acid, Ammonium hydroxide, Acetone,
Ethanol, Methanol; all reagents are of analytical

~ grade.

...... -, ' ' ' i s

I11- Equipment:-
- Spectrophotometer, type Specktromom 204,

- X-Ray Diffractometer, type Philips PW 1050,

- Differential Scanning Colorimeter, type perkin-
Elmer Model DSC-I1IB,

- Rotational apparatus for solubility study N . F

XIIZ 6.
- The apparatus system suggested by levyzlfor dis~-

solution rate studies,

L. ’ .

1ion of Nitrofurantion:

The samples were assayed spectrophotometrically atAmax

of 368 nm, according to the method adopted by the B.P.(1973)'22.

RESULTS and DISCUSSIONS

Table (1) shows that, although the commercial tablets
are within the pharmacopoeial 1limits for both drug content
and the disintigration, their dissolution efficiencyzsre-
veals a significant difference between the amount of nitr- -
ofurantion dissolved from the different batches of the same
marketed tablet products. Figure 1 shows the inter-lot vari-
ation in the dissolution rate of nitrofurantion from the
gsame product. An intro~tablet and capsule variation in the
dissolution rates were also observed in the marketed tablet
& capsule products (Fig, 2 & 3). These results are to be in
agreement with many reported findings about the inter-lot
and inter-tablet variation in the dissolution rates of nit-

rofurantion commercial solid dosage.forms638’11_13’15'1€.

The nitrofurantion microcystalline powders used for the i

marketed tablet formulations were investigated to find out
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the reasons for the variations in the dissolution rat-s of
the manufactured drug products,

The X— ray diffaction patterns of the five mMiCrocrvsi=
alline nitrofurantion powders obtained from different manpu-
facturers of the drug shcwed that there is no possible exi-

Stence of different crystalline configurations in these

powder samples,

In the aim of preparing different crystalline struct~
ures of the drug, nitrofurantion was crystallized from
ethanol, methanol and acetone at different conditions of
crystallization., The X-ray diffractometry of these crysta-
llizates showed that they possess different crystalline st~
ructures(Fig. 5). On the other hand, an amorphous form of
the'drug (Fig. 4) was obtained when the drug was dissolved
in sodium hydroxide and then precipitated by gradual addi-
tion of dil.Hel until the pH of the soclution was dropped to
>.%. Generaily, these results lead to the conclusion that
nitrofurantion can hardly suffer from the polymorphic tran-
formations specially if we take in our consideration that
tﬁis drug melts with decomposition (Fig, 5).

The dissolution rate study of the commercial drug pow-
ders revealed that these powders (of average particle size =
50 u) have significantly differenf dissolution rates(Fig,6)

On the other hand, two of the five samples under inve-
stigation showed different solubility patterns than the
other samples (Fig. 7). In generaly a decline in the solub-
1lity values of all the powders was observed during the
first sixty minutes of the experiment,

It was found that during this period of time the cry-
stals of the drug were enlarged five times(from 50u to
reach 260u particle size) and changed from rod shaped cr-
ystals to needle shaped ones., This could be attributed to
tﬁe'formation cf drug hydrates having lower solubility pa~
tterns(Fig., 7). Also, the solubility of one of the commer-

cial powders was carried out at different pH values and it

was found that the solubility behaviour of the drug still
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showing a similar common pattern of the solubility ~f the
drug in distilled water, Therefore, the tendency of nitro-
furantion to form hydrate in aqueous medium is still pres-
ent whatever the pH values of the medium (compare Fig.7 &8)
From figure 8, it is clear that at thirty minutes of the -
experiments the drug possess of more solubility values at pH S
than that observed at the other pH values. This coincides
with the observations of Chen et al%éwho explain this phe-
nomenon by the electron dislocalization of the three nitro-
gen atoms of nitrofurantion molecule at lower pH values. This
observation was revealed when the dissolution-pH profile was
carried out for nitrofurantion suspenion prepared by precip-
Lltation of the drug from its alkaline solution(Fig, 9) and

stored for one month, This complicated and unexpected solu-

bility patterns leads to the conclusion that the drug is not
simply behaving as a weak acid25 H_

A trial to investigate the possibility of the presence

of a tautomeric transformation of the drug was done by tr-

acing any change can existe 1in the position of three char-

acteristic A maxima of the drug (at 237, 270 and 370 nm.)
by changing the pH of the drug solution. Table 2 showed that
the three A max of the drug were changed by changing the pH

of the solution which was found to be a reversible change,

- CONCLUSIONS

The inter-lot & inter-tablet variations in the dissolu-
tion rates of NFT from its commercial products are mainly
attributed to the dissolution rate behaviour of the drug po-
wders used for the formulations of the marketed golid dosage

forms. These variations cannot be attributed to polymorphic

transformations in the crystalline powders of the drug.
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The hydrate formation and the unusual soclubility and
dissolution rate behaviour of the drug in different

oH media attract the attention to the possibility that
NFT may exhibit tautomeric transformations. This assum-
ption was supported by the results showing that a reve-

rsible change of the three characteristic A max of the

drug occurted by changing the pH of the drug solution.
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Table 1= Weight Variation, Potenoy, Disintegration Time, Per Cent Dissolved
After 30 Minutes, D.K. 307 of Commercial Nitrofurantion Tablets

(product I & II) and Capsules,

§ S E—— et

30

106

Weight " Potenoy(mg) D71 intogration Per Cent Dissolv Relative DJE.q
Formulation T ime after D.E. 49 |
. | | * .ﬁ ¢ _ » e
Average Deviation Clainod Found m#wutes) 30 mmutes (related to B)
(mg) (%)
Tablets
Product I:
A 151 2,66 100 95 12 4,64 2,53 48,19
B 159 3.8 100 98 12 9.50 5,25 100
C 161 1.25 100 95 11 8,31 4,28 81,52
D 158 2,5 100 96 14 7.56 3.83 72,95
Product 1T 357 2 100 97 15 6.85 4,88 92.95
Capsules 339 1,5 50 51 14 3,26 1.87
N.B:,
Average of Five Determinations,
D.E 30 _
I * Digssolution Efficiency after 30 minutes Expressed as per cent
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Table 2- Effect of the solution pH on the shift of

A of NFT,
max

Wavelength of the A " of NFT

pH ma
237 270 370
2.2 226 266 370
2.4 237 267 369
3.4 236 268 370
4.4 235 266 370
5.4 234 2566 370
6.4 234 270 375
7.4 233 280 383
8.0 226 280 388
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FIG( 4 ) DIFFRACTOGRAMS OF NITROFURANTOIN SAMPLES
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Amount Dissolved of Nitrofurantoin (mg/200ml)

20 40 60 80 100 120

Time ( min.))

P18.( 6 )Dissolution Of Different Commercial Samples Of
0
Nitrofurantion In Distilled Water At 37 C.
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Amount Dissolved of '_ Nitrofurantoin  (mg/100 mt)
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. _ .
p1¢.{ 7 . . DLUBILITY PATTERES OF DIFFERENT NITROFURANTOIN COWMERCIAL SAMPLES 1§ DISTILLED RATER AT 30 €
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