CHAPTER IV

RESULTS AND DISCUSSION

Preparation of Cimetidine Polymorphs /A and- B

The results of ‘the crystallization experiments are presented
in ‘Table 3. Crystallization from acetonitr¥ile gave the transparent
crystals of polymorph Asand from aqueous solution gave the opaque
crystals of polymorph B. /The yields were abdut 83 % in both cases.
Crystallizations from oﬁher solvents, such as absolute alcohol,
absélute'methanol, isopropanol, and water at various solute/solvent
ratios, gave mixtures of polymorphic forms. The reproducibility of
these results could not be warranted. It seemed that minor changed

in the cooling system could cause the formation of mixtures.

Identification of Cimetidine Polymorphs A and-B

fhere are many techniques used to identify,the different
polymorphs, such as Microscopy; Hot~Stage.Methods, X-Ray Powder
Diffraction, Infrared Spectroscopy, ;nd Thermal Methods. | In this
expefiment, Infrared spectroscopy and Thefmal,methods were used.
The IR spectra of polymorphs A and B, shown in Figure 6, 7 and 8
were coincided with form I and form IV reported by Prodic-Kojic et

al. (7) respectively.
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The characteristic IR absorption bands of polymorphs A and B, were
listed in Table 3. (In Fig.6(b) and 7(b); the bands at 1470 cm-1 and
1380 cm-l were nujol bands). The bifferential The;mal Analysis
(DTA) curves in Figure 9, showed®Tthe sharp_endothem of polymorphs A

t
and B at 140°C and 145°C, respectively. The melting points of

/s
pelymorphs A and B determined by the Zlectrothermal Melting Point
Apparatus were 139-142°C and 142-145"C, tespectively (Table 3).

Effect of Grinding on thé Polymorph Alteration in Potassium Bromide

Disc Technigque.

The IR spec£ra of polymgrphs A'and B recorded at different
manual grinding time were presented in Figure 10 and 11, respectively.
The IR spectrum of polymorph A-showed no sign of alteration at 10:
minutea@pinding.time. No alteration occurfed when polymorph B was
ground manually for 3 and 5 minutes. A£ 7—minutehéginding time some
changes Weie observed in the IR spectrum of polymerph B. The
absorption bana at 1205 cm-l, which‘is Ccharacteristic of polymorph A,
was obviously seeng |This~band as well-asijanother~at>1155 cm-l was

increased with increasing grinding time.

Figure 12 and'13 showed the IR spectra of polymorphs A and B
obtained from the grinding in the vibratioh grinder. The changes were
observed in the region of 1230-600 cm-l of the spectra of the two
polymorphs. None of the changes in the IR spectra of polymorphs A
and B were corresponded éo the characteristic bands of polymorphs B

and A, respectively.
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Since it was observed that the method of grinding with KBr,
both manually in an agate mortar and mechanically in the vibration
-grinder, caused some changes in polymorphic forms of cimetidine.
Therefore the potassium bromide dis.c method was not suitable for
qugntitative determination of the polymorphs. No such a phenomenon
was observed‘@hen using the nujol mull technique. Therefore the later
was the Qethod of choice for the IR analysis of the mixture of
cimetidine polymorphs. |
-Quantitative Determination of Cimetidine Polymorph B in the Mixture

of Polymorphs A and B using Standard Curve I.

The IR spectia of pure polymorphs A and B were recorded over
»the'range of 1300-1000 cm—l; as shown in Figure 8. Two characteristic
absorption bands of polymorph A appeared at 1205 cm—1 and 1155 cnrl
which Qere well séparated from the band‘characteristic of polymorph B
at 1180 cmfl. The intensity of the band at 1205 cm—l of polymoxrph A -
was greater than that at 1155 cmfl. Therefore the fqrmer was chosen

for the quantitative determination ofipolymorph A. ©bviously the band

at 1180 cm.--l was used for the determinationwof polymorph B.

Figure 14 showed the IR spectra of a series of mixtures of
polymorphs A and B. The absorption band at 1180 cm_1 belongs to
polymorph B, the intensity of this band was increased when the content
of polymorph B was increased while the intensity of the band at 1205 cm—l

(polymorph A) was decreased. The absorbance ratios were summarized in

Table 4 and the standard curve thus obtained was presented in Figure 15,
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the curve was non linear. When the natural logarithm of the absorbance
ratios were plotted graphically against the polymorph B content in
percent, a linear standard curve within the range of 0-60 percent

of polymorph B as shown in Figure 16 was obtained.

Precision and Accuracy of the Determination Based on Standard Curve I

éen determinati9ns were made on each of the standard cimetidine
containing 5.00, 10.0 and l;.O % of polymorph B, the results obtained
are summariéed in Table 6. The determinations based on the nonlinear
standard curve, Figure 15; gave the relative standard deviations of
17.6, 7.47 and 5.34 % and the relativé errors of -9.00, -5.00 and
-2.67 % respectively, when the determina?ions based on the linear
standard'cﬁrve, Figure 16, it gave the relative standard deviations
of 17.2, 6.43 and 4.53 % and the relative errors of -13.0,~2.00 and
-1.33 % respectively. The results showéd that the determinations based
on the linear standard curve, whiqh was constructed by plotting the

natural logarithm of the absorbance ratios against the content of
polymorph B were more reproduced than-the determinations based on the
nonlinear standard)curve. FromfTable 6, the results showed that when
the polymorph'B in!the mixture waswless than 10.0.% the reproducibility
of the mefhod was not good hut when the content of polymorph B in the
mixture was more than 10.0 % the reproducibility was fa}rly good. At

the concentration of 5.0, % polymorph B the intensity of the absorption

band at 1180 cmfl'(Figﬁ 14 b) was too low to measuréd accurately.
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Determination of Cimetidine Polymorphs A and B in Commercial Tablets

using the_Standard and Curve II.

There are many excipients in a tablet formulation such as
lactose, corn starch and magnesium stearate. Figure 17 showed the
IR Spectra of lactose (a), corn starch (b), magﬁegium stearate (c),
the mixture of the excipients in the formula I (d), the cimetidine
raw material of tablet sample S(e), and tablet sanplé S(f): No
significant absorption band is cbserved in spectra a, b and d the
“-spectrum ¢ shows a weak outisharp band at about 1100 cm—l. A major
change at the baseline is gbserved an the spectrum £ when compared
to the spectrum d. The sharp band at about 1100 cm_l due to the
excipients has some effegts on the cimetidine peaks at this frequency.
The baseline could nét be drawn between the same two minima as those
in the spectrum of cimetidine itself, it:had to be drawn between the
minima at 1210 and 1100 cm?l Ther efore standardlcurve I could noF be
u;ed for the analysis_of tablets. To overcome this difficulty, a new
standard curve (II) was constructed by adding a mixture of certain
excipients to the 'standard mixtures of polymorphs A“™and B. Figure 18
shows the spectra of the standard mixtures with added excipients, the
results axe summarized in Table 5; The absorbance raitos .were
calculated 'over the concentration range of 0-60 % polymorph B. When
the content of polymorph B was higher than 60 % the baseline at
1210-1100 cm-.l could not be drawn. (Fig. 18 1). When the standard
curve II was used in the quantitative estimation of the polymorphs in
tablet samples, the interference from the tablet excipients was

concelled.
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From Table S, the plot of the reiative absorbance ratios
against the content of polymorph B in per cent gave a nonlinear
standard curve (Fig. 19) whereés the plot against the natural
logaritm of the absbrbance ratios gave a linear standard curve
(Fig. 20). The linearity of the curve was obtained over the

concentration range of 0-40 %.

Precision and Accuracy of the Déterminations Based on standard Curve IT

Table 7 shows the_results of ten detexrminations on each of the
three standard mixturessof /the two polymorphs, containing 5.00, 10.0
and 15.0 % of pqumorph B, ig\the formula I. The relative standard
deviations based on the nonlinear standard curve in Figure 19 were 159.1
6.70 and 4.68 % and their relative errors weie -12.0,-0.00 and -6.27 %
respectively and the determinations based on the linear standard curve
in Figure 20, gave the relative standard deviations of 13.4 , 4.70 and
3.08 % and their relative errors were -6.00, -2.00 and -8.66 % respectively.
The results showed that the determinations based on the linear standard
curve were more reproducéd than those ‘based on the| nonlinear standard
cuxrve. When polymorph B in the mixture was less than 10.0 % the
reproducilkbility of/ the method was ﬁot good.  When- the content of
" polymorph B in the mixture was more than 10.0 %, the results were

reproducible.

Quantitative Determination of Cimetidine Polymorph B in Experimentally

Formulated Tablet

Results of the determinations of the polymorph B content in

experimentally formulated tablets, Formula II and Formula III, are
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summarized in Table 9. The quantitative estimation of the results
was based on the standard curve II although there were some slight
differences of these two formulae from Formula I, which was .used to
construct the standard curve 1I, regarding the type and proportion
of each excipient. The recovery of the polymorph B content was
acceptable, range of recovery 100-105 % for Formula II and 100-110 %
fqr Formula III, it indicated that this method is useful for
determining the content of polymorph B in tablet provided £hat the

quantitative estimation is based on a suitable standard curve.

Deﬁermination of Cimetidine Polymorphs'A and B in Commercial Raw

Materials and Tablets

~

Ten samples of commercial cimetidine raw material and of their
respective formulated tablett from ten manufacturers were determined by

infrared spectrophotometry. The results obtained are shown in Table 8.

Only one sample of raWw material and it respective tablet (sample 5)
were found to contain about‘iZ % of polymorph B, their IR spectra are
shown in Figureil7e and 17 £. 'Quantitative .estimations of these raw
materials and tablets were based.on the standard curves presented in

Figure 190and 20, respectively.. The formula of sample 'S5 was similar

to that of the formula I in this study.
The results shown in Table 8 revealed that no alteration of
the polymorphic form of cimetidine occurred,during the manufacturing

process.
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