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ABSTRACT

In the pharmaceutical processes like milling, wetngilation, drying, re-crystallization as well
as compaction, there is a possibility of generatthgorder in the form of crystal defects or
amorphous phase [1]. The amorphous phase generatag need to be quantified using
sensitive analytical tools. In the envisaged stugiyjorphous content in crystalline form of
carvedilol drug substance and its formulation waglged by different analytical techniques like
Modulated Differential scanning colorimetry (MDS@)d Powder X-Ray diffraction (PXRD).
The characteristic glass transition (Tg) of amorplocarvedilol is exhibited at about 35°C.
Different concentrations of amorphous content igstalline drug substance and its formulation
have been prepared and analysed. The method watoged based on the fact that the change
in the specific heat at the glass transition issanly proportional to the amorphous content. The
linearity of amorphous content was establisheddfoig substance using both MDSC and PXRD.
as well as for drug product using MDSC. Superiootyhe MDSC has been justified over PXRD
in terms of detection of low level of amorphoustenhin formulation which could be of
immense help to the formulator.
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INTRODUCION

Amorphous materials do not have long range ordareangementThey are physically less
stable and tend to de-vitrify into thermodynamigathore favored crystalline forms upon
storage. Due to instability of amorphous materidlgs difficult to prepare, control and handle
during the formulation. The amorphous materials @ast a contaminant, it is often necessary to
qguantify and determine its concentration in a @liste sample.
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PXRD could quantify amorphous phase in crystalphase at higher level [2]. This may be due
to the interference of well crystalline peaks whistppress the halo background in the
diffractogram. Moreover, the density technique éssl capable of detecting low level of
amorphous content than X-Ray powder diffraction [3]

There are certain limitations by traditional DS&elimeasurement of heat capacity in a single
experiment is not possible. It will give only totegat flow or average heat flow. It can’t separate
the reversing heat flow & non reversing heat floani total heat flow and thus relatively lesser
sensitive for detection of weak transition. But MD8an play a very important role in detection

of amorphous content in DSC and can also be datedrdirectly from the change of Specific

heat capacity (Cp) at glass transition. MDSC camwsilass transitions with much increased
sensitivity.

The main aim of this study was to demonstrate gdi@ability of MDSC in the detection of low
level amorphous content by comparative evaluatid®drD.

MATERIALS AND METHODS

Carvedilol (CAR) is the antihypertensive drug wéhchemical structure as shown below was
used for this investigational purpose.
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Carvedilol is a nonselectiviz —adrenergic blocking agent witti-blocking activity. It is (£)-1-
(Carbazol-4-yloxy)-3-[[2-(0-methoxyphenoxy) ethglinino]-2-propanol. Carvedilol is a racemic
mixture with the above structure.

3.1  Amorphous sample preparation:

The amorphous sample was prepared by quench cotiimgrystalline sample. Carvedilol
crystalline form was heated till it melts (130°@ )heating pan and quickly removed the pan and
allowed to cool by keeping the pan on the liquidragen Dewar flask. The cooled drug
substance was ground and sieved (mesh 60) to gdintth homogeneous powder. Then transfer
to the polybag immediately and sealed bag withitregen gas.

3.2  Sample analysis:

Weighed the required quantity of amorphous andtaliyge material and blended in different
proportions (0-100% w/w) and ground gently to easairuniform mix and took 10 mg of blend
sample into the aluminum crucible (40, cover with lid and crimped the sample.

Different levels of concentrations have been pregdny spiking the two different components at
various levels and plotted a linearity graph.
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MATERIALS AND METHODS

4.1 Powder X-Ray Diffraction (PXRD):

The X-ray powder diffraction pattern was recorded Rruker axs D8 ADVANCE, equipped
with Bragg-Brentan®:08 goniometer having PSD; LynxEye detector. The patteas recorded
at a tube voltage of 40 kV and a tube current ofrdQ with a step size of 0.008° and time per
step of 1.0 sec over an angular range of 3-48. The sample was grounded gently and filled in
a sampllgc\a holder by top loading method. The sample @posed to the CoKradiations(A=
1.5418 A).

4.2 Modulated Differential Scanning Calorimetry (MDSC):

The thermal analysis was carried out on DSC, TA@1J he thermo gram was recorded from
-20°C to 90 °C under the nitrogen flow of 50 mL/mah a heating rate of 3°C/min with a

modulation temperature of 1°C per min. Weighed &l2s8 mg sample into aluminum pan and
distributed uniformly as a thin layer. The glassition was recorded as the inflection point up
to the step changed base line.

The heat flow was calibrated by enthalpy of indi{28.51J/g) or by the specific heat capacity
of Sapphire. The specific heat method used theifgpéeat of sapphire over a user-defined

temperature range. The baseline and sample curees measured and the calibration was then
built automatically. The calibration was checkedobe running samples by measuring the

melting enthalpy of indium by using the same inskeatal parameters

RESULTS AND DISCUSSION
Pure crystalline form was characterized by PXRDwshin figure 1. Pure crystalline form was
characterized with high intensity characteristiafgewith a stable baseline (using PXRD) and
also it does not record any thermal event exceptingethat may correspond to characterize

glass transition (explained in subsequent paragraping MDSC).
Carvedilol Crystalline form
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Figure 1: PXRD pattern of crystalline form of Carvedilol
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Pure amorphous form was characterized by PXRD amS® shown in figure 2 and 3
respectively. Pure amorphous form records a cheniatic halo and is free from any type of
crystalline peak by PXRD and record a glass tremmsiby MDSC at about 35°C. This is in
alignment with the reported glass transition ofvedilol [4]. The crystalline sample however do
not record any thermal event that correspond tesgleansition suggesting that the sample was
free from any amorphous impurity [5]. Also the aptwous form generated was chemically pure
(98.9% using HPLC, data not shown).
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Figure 2: PXRD pattern of amorphous form Carvedilol
Method: Conventional MDSC Instrument: DSC Q1000 V9.4 Build 287
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Figure 3: MDSC thermogram for (a) amorphous and (b)crystalline form

The amorphous content in any crystalline samplebmassessed using PXRD after spiking of
amorphous fraction (if the sample is crystalling)vathout spiking (if the sample is semi-
crystalline or poorly crystalline, and consistcofstalline and amorphous fractions co-existing).
For PXRD, the degree of crystallinity (and hence ttegree of amorphous content) can be
estimated by calculating the total area (Crystallin Amorphous) and the crystalline area for
PXRD using the method of Hermans and Weidinger:

Xc=Pxlc; Xa=Qxla
la=(X/Q) - [(P/Q) x Ic]
Xcr = Xc/Xc + Xr
Ic
X 100

Ic+Q/P xla

Xc and Xa are crystalline and amorphous fractiespectively.
Ic and la are measured crystalline and amorphdassities respectively.
Sum of crystalline and amorphous fraction

X = Xc + Xa.

Modulated DSC provides for a separation of heatvflato the reversing and non-reversing
components, which can be easily interpreted. Therseng heat flow signal (which is the heat
capacity component of the total signal), is extrignuseful for measuring glass transition in all
types of difficult samples.

MDSC can play a very important role in detectioranforphous content in DSC and can also be
determined directly from the change of specificttoagpacity (Cp) at glass transition. MDSC can
show glass transitions with much increased seitgitifhe degree of amorphous content in
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Carvedilol was determined using both PXRD and MD&@ subsequent paragraphs cover a
comparative assessment of relative superioritynefmethod over the other.

PXRD could quantify amorphous phase in crystalfpm@se only at higher level. This may be
due to the interference of well crystalline pealsiolv suppress the halo background in the
diffractogram at very small levels of amorphousfi@ in the sample. In this case, it is difficult

to consider the actual hallow due to amorphouserdnh these samples.
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Figure 4: PXRD of samples spiked with amorphous Catedilol at (a) 1%, (b) 2.5%,(c) 5%,(d) 10%,(e)
20%,(f) 40%,(g) 60%,(h) 80%,(i) 100% level

Figure 4 and table 1a & 1b shows the different gious content ranging from 1 to 100%. The
linearity graph was plotted for various concentiasgi (% w/w) of amorphous in crystalline form

against the area under the amorphous halo (Tabi& 1b).

It

must be noted here that the

linearity at lower level specifically less than 1@%amorphous fraction could not be achieved
using PXRD (Figure 5). The linearity however was9f0at levels of amorphous content 10%
and beyond, clearly demonstrating that PXRD cowdabvaluable tool to quantify amorphous
contents at higher levels of amorphous contentufEi®).

Table la: Regression statistics

Regration statics Results
Amorphous carvedilol spiking
concentration (% w/w) (n=9) 1-100
R 0.98880
Slope 5.56854
Intercept 101.98

t Stat 13.276
P-value 9.89E-07
Lower 95% confidence interval 5.81399
Upper 95% confidence interval  8.25822
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Table 1b: Regression statistics

Regration statics Results
Amorphous carvedilol spiking
concentration (% w/w) (n=6) 10 - 100

R® 0.99550
Slope 6.0127
Intercept 69.91
t Stat 24.41555
P-value 2.15E-06

)

Lower 95% confidence interval 6.2570
Upper 95% confidence interval  7.72964
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Figure 5: Linearity between the concentrations at &rious levels (1-100%w/w) Vs Area under amorphousdio (cpsxB)
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Figure 6: Linearity between the concentrations at &rious levels (10-100%w/w) Vs Area under amorphoulalo (cpsxD)

From the above figures 5 and 6, it can be infethed it is very difficult to see a corrleation of
measurable amorphous halo below the 10% level B¥RD with R value of about 0.98 and
therefore it is not recomeneded to find out theteohof amorphous below this limit. This
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suggest that below 10% level of amorphous contamiira of an otherwise crystalline sample
may not get adequately characterized using PXRD.

MDSC on the other hand, could identify low levelamhorphous content in crystalline phase due
to the sensitivity of glass transition (Tg) evestaserved in our study. MDSC could effectively
be used for quantification of amorphous fractionlcat level (up to 5%) with a correlation
coefficient (>0.99) (Fig. 7 and 8, Table 2).
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Figure 7: Overlaid thermograms for different concerrations shows the glass transition (Tg)
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Figure 8: Linearity between the concentrations at &rious levels Vs Heat capacity at Tg.

Moreover, we also attempted to ensure, if MDSC lsarused for quantification of amorphous
content at higher level. From the results (Figné &0, Table 3), it can be inferred that MDSC is
equally useful for amorphous quantification bothlav and higher amorphous content in an
otherwise crystalline material.
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Figure 9: Overlaid thermograms for different concertrations (20% to 100% w/w) shows the glass transibin

(Tg) as a step change.

Table 2: Regression statistics

Regration statics Results
Amorphous carvedilol spiking
concentration (% w/w) (n=5) 1-5

R’ 0.99960
Slope 0.06520
Intercept 0.00504

t Stat 5.4486
P-value 0.00551
Lower 95% confidence interval 0.01120
Upper 95% confidence interval 0.03448

y=0.0062x+0.0222
R*=0.9965

20 40 &0 B0 100
Concentration (%aw/w)

120

Figure 10: Linearity between the concentrations avarious levels Vs Heat capacity at Tg
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Table 3: Regression statistics

Regration statics Results
Amorphous Carvedilol (%w/w) (n=5) 20 - 100
R® 0.99660
Slope 0.0062
Intercept 0.0022

t Stat 61.63624
P-value 4.15E-07
Lower 95% confidence interval 0.006296
Upper 95% confidence interval 0.006781

We further extended, these findings with a formala{6] of carvedilol in order to ascertain if
the processes used in the formulation manufactwloes not add any surprise. A Carvedilol
composition at a highest dose of 25 mg was evaluateamorphous content using Tg analysis
and data is captured in Fig. 11, 12 and Table 4.

003

2B.64°C

L 31.7°C)

4:_[|4—— \\\_L

20% AMOR IN TABLET

—

28 89°C 34.95°C

31.62°C(1)

RJ\“\._,\_ 25% AMOR IN TABLET
—

-0.05 —
31.79°C 35.23°¢

34.14°C(1)
30% AMOR [N TABLET

| Rev Heat Flow (W/g)

37.78°C

U
32.60°C(1)

35% AMOR TN TABLET

s 40% AMOR IN TABLET
| 18.20°C
] A
.08 T y
-2 o0 20 40 60 80
Exo Up IFemperature (°C) Universal V4.2E TA Instruments

Figure 11: Overlaid thermograms for different concentrations show the glass transition (Tg) in formuldions.
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Figure 12: Overlaid thermograms for different conceatrations show the glass transition (Cp) in formulaions.
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Table 4: Regression statistics

Regration statics Results
Amorphous Carvedilol (%ow/w) (n=5) 20 - 4(
R® 0.98918
Slope 0.0019
Intercept 0.045

t Stat 19.11864
P-value 4.41E-05
Lower 95% confidence interval 0.003765
Upper 95% confidence interval 0.003762

These results clearly suggest that irrespectivahef sample type (i.e., “as is” API or its
formulation), the method based on MDSC, with théphaf Tg estimation is quite a useful
method of detecting amorphous fraction, where PXdRies not provide adequate information
specially at low amorphous content.

CONCLUSION

The usefulness of analytical techniques like powtieD and modulated DSC was evaluated for
the qualitative and quantitative estimation of @alilol amorphous content in drug substance
and drug product. Based on the above experimet®bservations, it can be concluded that to
find out the low level content of amorphous in taylne form of carvedilol, MDSC is one of the
best suitable technique.

Acknoledgements

The authors wish to thanks the management of Vidgarti Mahavidyalaya for providing
excellent research facilities. Also authors wislextend sincere thanks to Dr. Vaibhav Shihorkar
and Dr. Gajanan Kasawar for their valuable guidance

REFERENCES

[1] Brittain HG, editor, Physical characterizatiaf pharmaceutical solid, New YofQ95
Morcel Dekker, Inc.

[2] N. Fagegaltier, A. Lamure, C. Lacabanne, Ardda H. Mifsud, and M. Bauerl997, J.
Therm. Anal48:459-464.

[3] M. Lappalainen et alnternational Journal of Pharmaceutic3006 307,150-155.

[4] V.B. Pokharkar et alRowder Technolog¥67 006 20-25.

[5] P. G. Royall, D. Q. M. Craig, and C. Dohefharm. Re4998, 15:1117-1121.

[6] B. C. Hancock and G. Zografi997, J Pharm. Sci86:1-12 .

12
Scholar Research Library



