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ABSTRACT

With the increasing use of poorly soluble drugs, appear problemsin production different dosage forms include these
substances and in its bioavailability, and therefor in its affects and efficacy, especially for oral ones, and one of the
most effective factors, that determine the efficacy of the drug in the body, are the solubility extent of this drug in
gastrointestinal track. There are many ways to enhance the solubility of such drugs, such as micronisation of its
particles, which increases its surface, other routes are to use the drug as salt form, use co-solvents, use micelles
solutions, manipulating its crystal habit, etc (4). these methods depend very much on the physical and chemical
properties of the used substance, therefor we cannot assure the success of such methods, as well asthese materials
show a lot of technological problems during its producing. In this study we work on different way of paracetamol
crystallization, we study the produced crystals of each rotes, we determine its pharmaceutical properties, its
compressibility and its different physical characteristics, and we study the tablets that produced using each type of
these crystals.

Key words: Paracetamol, crystals, crystal habits, crystallimatdirect compression tablets, flow ability ofeth
crystals.

INTRODUCTION

Crystallization is used to change the propertieshefused material ,which will be used in the puatitun of the
dosage form. The crystal is characterized in itscstire, the term crystal habit refers to the exdkeshape of the
crystals, whereas the polymorphic state referbéocertain arrangement of the molecules in itgatestructure of
the crystals(8). The polymorphism is very importempharmaceutical industry, because the diffepaymorphic
shapes of the same drug show different propertiesstability, melting point, solubility, process Etyi
bioavailability, flow ability, etc. Controlling theolymorph could be used to improve such propertieghe
substance (9). Crystallization is used as the d&sp in the purification of a solid substance, syng different
methods and solvents in the crystallization methed,can have different kinds of crystals with velifferent
properties (4) . We should be aware of that prangsthe raw materials during the production of aatge form
could affect its crystal habit which affect innts physical properties(8). The polymorphic staiterystals can be
characterized by defining its heat of fusion, atal drystal habit can be characterized by definitsgléngth,
thickness , width and its surface appearance ( #§meses, porosity, and roughness), and the charigimgystal
habits leads to crystals, that have different prigeeven though they got the same polymorphie séand the steps
of crystallization process and its conditions aeeyvinteractive and dependent of each other. Famgle, the
change in temperature ,in which the crystallizat®maving apart, alter the viscosity of crystation solvent as
well as saturation level of the solute, similarte of stirring influences the onset of nuclenfiation because of its
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effect on the temperature of the solution. Somerfate in crystallization conditions could inhiloihe face of the
crystal from growing, which produces needle likgstals(8).

There are several factors affect the crystal hafitst common ones:

1- Degree of supersaturation.

2- Rate of cooling and degree of solution agitation(8)

3- Through altering the solvent and co-solvent we affect the interaction between the solvent andstiiete (8).
4- Any materials that could be found in the solutidrciystallization, could act as impurities and abaldsorb on
the crystal lattice and disturb the regular anetadiipg arrangements of a crystal.

The properties of crystal habit are very importanlosage form formulation and performance, thégcafthe flow
ability and compress ability of the crystals, thenmetric crystals (such cubic ones) are easy topcess and
prevent capping in the produced tablets, but thesprmmetrical ones are not easy to be compressegl(8essful
tableting requires uniform flow from the hopperpper packing, rearrangement, reduction in porpsityl plastic
deformation of particles in the die cavity. Thesta} habit affect the compressing mechanicallyughoaffecting on
hardness and cohesion, which facilitate the consprgsand the crystal habit of the used excipiaffisct so much
in the produced tablets and their properties(19).

One of the ideal ways to alter the solubility cleéeaistic with maintaining other properties is ttaoge the crystal
habit without changing the polymorphic of the usetistance(17). The determine of the crystal hatuitthe rout of
controlling and predicting the crystal habits oé thctive ingredient and the excipients in the pcedudosage form,
is essential in improving and developing the foraioh of this dosage form (16).

There are a lot of factors and disturbances thatdcappear during crystallization process, and ¢affect the
resulting crystals' properties, for example, thespnce of impurities affects the kinetic of crylitation (13). Using
the traditional ways in crystallization is not lésyportant and not less common than other desigmettiods(12).

All pharmaceutical dosage forms, regardless ofnigsedients, should fulfill several conditions taaganty their
quality, efficacy, and safety, and these conditiares

1- Dosage uniformity.

2- Capability of application on the patients.

3- Can deliver the active ingredient to the targeisslie affectively.

4- Able to maintain their effectiveness during shébfrisig.

5- Be produced through mechanism that save their pedoce and is economical reproducible.

It is important to recognize the benefits of theogomous materials used in the solubility of oraalge forms (12).
The most common dosage forms are the oral solid ¢iablets), because they are the most acceptabldgha
easiest to used by patients. Most of the used drugisese dosage forms do not have acceptable ipiepéo be
easily compressed or good solubility and stabitivaracteristics, we aim in this research to stuy different
effects of changing the crystallization methodsRaracetamol crystals, and the changing in theisipghy and
chemical properties and what changes in the pedgoom of the tablets prepared from these crystals.

All kinds of tablets are prepared in a very simptinciple, compressing a mixture of powders, bus not always
that easy to achieve that, the mixture should kasin characteristics to form acceptable tabktsh as good flow
ability, good compressibility, fully disintegration the gastrointestinal track, etc (1).

Tablets consist of diluents, binder agent, lubricdisintegrating agent, coloring agent, flavoragent, sweetening
agent, and the active ingredient.

The produced tablets should be controlled be sktests, such as tablet characteristics test, tieisk test, weight

uniformity, content uniformity, mechanical resistan (hardness and friability), disintegration tirdessolution rate,
etc(3).
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Paracetamol
f\T

It is N-(4-hydroxyphenyl) acetamide, and used widet OTC medicine as analgesic, antipyretic, arainag
inflammatory pains. It is started to be used in tedical field in 1893, and is available in manyage forms (
tablets, capsules, gel capsules, suppositorysotation)(7). Its classified as aniline analgesiogd some times from
the NSAIDs(2) (20). It is prescribed for headachesl other minority pains. Its effect in the bodsrs after
11minutes from oral administration, and its h# is 1-4 hours. It shows weak effect as cyclo@aase(cox)
inhibitor, with selective effect on COX-2 (5).

It is found as Wight powder, sparingly soluble iater, freely soluble in alcohol, and very slightlyluble in ether
and methelene chloride, and melts in 168-172°C (3).

Even though it is a very low compressibility dritgis still used very widely in the solid dosagenfs. It has poor
flow properties, which can be improved by granalatiwhich is very costing method(6).

Paracetamol's crystals have three polymorphic shdpen I, Il and III.

Form | ( monoclinic) thermodynamically stable forthat is why it is used in productions of Paracethtablets
using wet granulating method, with proper plasécigll). Form Il (orthorhombic) shows better flowildy and
compressibility and suffers a plastic deformatiamiinly compressing (11). That is why producing tebfeom this
form attracted a lot of attentions, and it is impat to know that this form is easily changed tarfd when
touching solvent. Form Il is recognized in 19821 dnras very low stability and is ,therefore, verychtn be isolated
(14).

EXPERIMENTAL SECTION

1- Materials:
Paracetamol powder from Ibn Sina Medical comparyyié$ patch number 0903494,

Phosphate mono sodium and Phosphate die sodium.

Excipients for the preparation of the tablets (dtaravicel PH102, magnesium stearate and lactosa) Amrit
Medical Company (Syria).

2- Methods:

The following equipment has been used in thisystuttrasonic device, Spectrophotometer, Polariméctoscope,
Blchi melting point device, Pharma-test PT-DT7 diissolution rate studies, Tapped density measutigce,
Compressing machine ( Erwika), Erwika machine t@asuee tablets' diameter and hardness, Erwika meadbi
measure tablets' friability, Erwika machine to meadablets' disintegration time, and Buker FT-BRide, DSC .

RESULTS AND DISCUSSION

1- Determination of o (Maximum wave length of absorption) for Paracetam

Phosphate buffer has been prepared by solving @ihagphate mono sodium and 7.1g phosphate dierscaind
solving them in distilled water and complete théuwae till 1 liter, so we get buffer with PH=7.2. @ we take
10mg of Paracetamol and dissolve it in the butfeen we complete the volume till 100ml, the resuikelution has
concentration C1=100ug/ml, we take 1ml from thituon and dilute it with the buffer till 10ml tochieve
concentration C2= 10ug/ml, from which we take 5mdil &ve make scanning in the spectrophotometry inatéree
length range from 190nm to 400nm, to determineanthee length of maximal absorpti@n,.,= 234nm.
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Fig 1. The determination of\ nax for Paracetamol

2- Determination of the relationship between thsoaption and the concentration of Paracetamolérstilution:

We dissolve 10mg of Paracetamol in the buffer aothglete the volume to 100ml to make a solution with
concentration C1= 100ug/ml, we take 1ml from tlakison and dilute it till 5ml with the buffer taget solution
C2=20pg/ml, from which we prepare a series of eatrations as following:

Tablel: standard Series of concentrations

Tube Volume from the solution C2 Volume from the buffer The new concentration Absorption in A max=
number (ml) (ml) pg/ml 234nm
1 3 0 20 1.20¢
2 3 1 15 0.81¢
3 2 2 10 0.548
4 15 35 6 0.356
5 1 4 4 0.241
6 1 6 2.856 0.174
7 0. 4.5 2 0.10¢

And figure 2 shows the linier relationship betwélee concentration and absorption:

1.4 - y = 0.057x + 0.001
2 -
12 R? = 0.995
5 E !
8308
59
o x0.6
a8 E
< <04
0.2
0 T T T T 1
0 5 10 15 20 25

Concentration pg/ml

Fig.2: The relationship between the concentrationrad absorption.
This relationship is shown in the equation:
y = 0.0578x +0.0018
And so we are able to calculate the concentration:

x = (y—0.0018) / 0.0578
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X: the concentration pg/ml.
y: absorption whefh= 234nm.

3- Preparation of the crystals and determine #iadinction angle:

3-1- Slow cooling rate: We prepare a saturatedtisolwof Paracetamol in distilled water in temperat65°C, then
we let it 24 hours in the roomtemperature25°C, therisolate the resulted polyhedral crystal ( Figf3)dimension
is:0.5-1 mm.

Fig3: Paracetamol's crystals, prepared by slow coinig rate

3-2- Fast cooling rate: We prepare a saturatedisolof Paracetamol in distilled water in temperat@5°C, then
we put it in low temperature to lowering its termgtere till 3°C, to have plate like crystals (Fig#$, dimension is:
0.25-0.5 mm.

Fig4: Paracetamol's crystals, prepared by fast cooling te

3-3- Melting method: We melt an amount of Paracelgmwder in paraffin oil bath heated to degree°C;Qhe we
let it to cool and crystalize in room temperatufegb), its dimension is: 0.75-1mm.
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Fig5: Paracetamol's crystals, prepared by meltingtte powder

4- Determination of melting point of the crystals:

We put each kind of crystals in a capillaceous tabeé put this tube in its place in the melting pleterminations
device, we got the following results shown in table

Table2: Melting point.

The crystal habit | Melting point ( °C)
Slow cooling rate crystal$ 165.3°C
Fast cooling rate crystalg 166.3°C
Melting crystals 165.7°C
The original powde 167.¢C

5- Dissolution rate:

We add 3.25mg Paracetamol (each time we use otie ddur forms of it) in 750 ml buffer, in the d@ution rate
tester (Pharma-test PT-DT7), and we sat temperamr87°C with 50 round per minute, a 5ml of sampées
withdrawn at 2,5,10,15,20,30,45, and 60 min intlsrvaplacing 5ml of dissolution medium each timéei we
analysis the dissolution samples by using UV spetiotometer, then the percentage drug dissolvedcalaslated

by developed UV method:
x=(y-0.0018)/0.0578

x: the concentration pg/ml, and y: absorption wker234nm. The graph of percentage drug dissolveugdime is
shown in Figure 6.
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Fig6: Dissolution profile of the four forms of Paracetamol
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6- The physical characteristics of the four forms:

6-1- Tapped density: We put weight of the powderrf\yy) which has the volumey\ml, then we tapped it first of
all 10 times , we get ¥ for the second time we tapped it 500 times adesthe new volume, third time we tapped
it 1500 times, and we keep tapping 1500 times sta till the differ between volumes became leas ttml, then
we had reached the final volume Mve calculate the tapped density by using thisggn (18):

Density (g/ml)= W(g)/ \§y(ml)

Tapped density(g/ml)= W(g)/ \(ml)

6-2- Hausner ratio: It is calculated from the dtpra

Hausner Ratio= VO / Vf

6-3- Compressibility (Car) Index: It can be defirmdthis equation (16):
Compressibility index%= % x 100

6-4- Angle of repose: We put the powder in a funaat let it flow as the end of the funnel is 2rdover the head
of the powder corn, then we measure the diametéieobase and the height of the corn, then caketbat tan «)
from which we find out the angl#.

We can compare the results in the USP 34(18).

Table3: the results of the compressibility tests

The form of Paracetamol | Slow cooling| Fast cooling  Elting Powder
Tapped density(g/ml) 0.512 0.575 0.749 0.630
Hausner ratio 1.154 1.073 1.207 1.548
Compressibility Index% 13.33 6.82 17.14 35.4
Angle of reposen® 33 29 37 49
Validation Good Excellent Fair Very poo|

7-Tablets: We prepared formulation for a 200mdetab

Paracetamol 100 mg
Starch 40 mg
Mg stearate 0.25 mg
Lactose 29.75 mg

Then we put the tablets under control by applying following tests: uniformity of weight. tabletiameter,
hardness, friability, disintegration test, dissmlotrate ( by following steps in the dissolutiate of the powders
but with the use of tablets) . Table 7 shows tlselts.

Table 4: The tests on tablets

The form of used Paracetamol| Slow cooling | Fast cooling| Melting] Powder
Average weight (mg) 200.45 202.15 200.15 199.3
Average diameter(mm) 9.784 9.790 9.7935 9.787|
Hardness (N) 39.17 41 32.7 35.5
Friability (%) 1.82 6.31 2.44 1.09
Disintegration time (sec) 35 20 25 20

And figure 7 shows the results of dissolution sttely.
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Figure 7. Dissolution rate test for the four formsof Paracetamol tablets
8- FT-IR:

It is used to detect the identity of substanced,tarstudy the different inter actions betweerphgsical mixtures.

A sample of 2 g (of the pure material or a 50:50%tune) was studied by using the Buker FT-IR, ie tlange of
wave number: 400-4000 ¢m.

Table 5. The functional groups of Paracetamol (1Q)15).

Functional group Wave number cm*
aromatic stretching peaks 1562, 1505, 836
C-N amide stretching peaks 1560, 1513
unsaturated bond 1653, 1610
-OH groug 3324, 316

The next figures show the IR diagram of crystal®afacetamol prepared by fast cooling rate, Paaam#tpowder,

mixture Paracetamol crystals + Mg stearate, mixRaecetamol crystals+ avicel, and mixture Parawgltecrystals
+lactose.

100

e v e T T

Transmittance [%)
0 80 80

40 5 60

315845
$18.64

835.56
80861
88107
80285
501.81

3500 3000 2500 2000
Wavenumber cm-1

Figure 8: FT-IR for crystals of Paracetamol preparal by fast cooling rate

§
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Figure 9: FT-IR for Paracetamol powder
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Figure 10: FT-IR for mixture of Paracetamol crystal + Mg stearate
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Figure 11: FT-IR for mixture of Paracetamol crystal + avicel
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9- Deferential Scanning Calorimetry DSC:

Differential scanning calorimetry (DSC) is the mostdely used method of thermal analysis within the
pharmaceutical field. The approach usually involtresapplication of a linear heating or coolingnsigto a sample

2500

2000

Wavenumber cm-1
Figure 12: FT-IR for mixture of Paracetamol crystal + lactose

and the subsequent measurement of the temperatdrenargy associated with a range of thermal evealisding
melting, crystallization, glass transitions, andahaposition reactions.

The samples was put in the device and the tempenratas turned up from 25°C to 400°C with the r@¥C1 min.

The next thermo gram shows that, both Paracetametier and its crystals showed approximately theesaharp

characteristic endothermic peak at 168.95°C.

Aexo

ey |

Method: A (25 - 400 ) Rate 10

25.0-400.0°C 10.00°C/min - N2100.0 mijmin

PHARMACY FACULTY (LS 20 ) D031 068-PHARM
PHARMACY FACULTY (LS 20) 0031 068, 4.7640 mg

Integral 310381 mJ
15 Integral 858,36 noMmalzed  -651.51.Jg1
nommalized  -180.18.Jg1 Onset 2815°C
onse 188493°C Peak Height  10.82mi
207 Feak Helght  45.05min Peal HBBIC
Feak 16859°C Extrapol Peak 34987 °C
Edrapol. Peak 16825°C Ende et F18C
Endset 340°C Peak Widh  41.85°C
259 Peakcwidlh  284°C LefiLimi 2361870
LenLimi  15486°C Rightlimt ~ 366.83°C
RightLimit ~ 187.82°C LenniLint  235.18°C
LembiLimi  15686°C RightblLimit 366,83 °C
=0 Righthl Lt 187.02°C HeatingRate 10.00 *Craire-1
Heating Rate 10,00 *Crnin 1 Base line Type line
Baseline Type line ResuliMade  Sample Temp
-35] ResultMade Sample Temp LeflArea 8.36%
enArea 5339% RightArea  15.64%
Rightarea 4661 %
0]
451
e T T T T T T T T T T T v T T T T T
40 B0 80 100 120 140 160 180 200 220 240 260 280 300 320 340 380 380 O

Lab: METTLER

METRLER TOI

Figure 13. DSC thermo gram of Paracetamol crystal
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Aexo
] PHARMACY FACULTY (LS 40) 0031 070-PHARM
PHARMACY FACULTY (LS 40) 0031 070, 4.4450 mg

5]
Meth od: A( 25 - 400) Rate 10
250-4000°C 10.00°C/min N2 100.0 miimin

0] Integral -524.00m)
norm alized -185.38Jg™ 1
Onset 168.46°C Integral -2847.09 mJ
Peak Height 3923 normalized  -64052Jg1

157 K 160.95°C onsat 280,08 °C
Exrapol Peak 168.62°C Peak Height 10,09 A
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Lab: METTLER METHLER TOI
~exo
[

=PHARMACY FACULTY (LS 22) D091 O76-PHAR
PHARMACY FAGULTY (LS 22) 0031 076, 4.2600 mg

Onset 227.71°C

.
o
2610
Endset 20754°C

Method: A 25 - 400) Rate 10
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Righthl imit  156.54°C RightLimit ~ 19361°C LeftbiLimit  221.68°C Left Limit 07.547C
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109 Baseline Type line Rightbl Lirit ~ 193.61°C Heating Rate  10.00 ‘ot SonbILimit - 307.43°C
ResultMode Sample Termp Heating Rals  10.00 "Gmin™1 pasgiine Type line Right bl Limit 32075 °C
Leftarea 2% Baseline Type line Recultods SampleTemp  HEalngRale  10.00°Cmin1
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Figure 14. DSC thermo gram of the mixture: Paracetmol crystal + starch
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Figure 14. DSC thermo gram of the mixture: Paracetmol crystal + lactose
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DISCUSSION

* Powders:

It is so clear that the characteristics of Paranetéhas changed with the change of rout of cryigiibn, which
changed in term crystal size and shape. Meltingtpeiven though, did not differ from one crystabibt@o another.
On the other hand, the dissolution rate and thepcessibility has changed, and the best form , welabwed the
most proper characteristics, was the one preparéalsh cooling rate.

* Tablets:
We noticed the same for the different kinds of el whereat the tablets prepared from the crysfdiast cooling
rate method were the most acceptable ones in dehataheir friability was a little bit high.

The FT-IR diagram and DSC thermogram both have shdhat Paracetamol different crystals have theesam
polymorphic structure and the same fingerprinthef Paracetamol powder. And their physical mixtwith the
used excipients exhibited presence of some inieracbetween the functional groups of both Parawet@nd the
used excipients, it can be related to formatiommyxirogen bond and wandervals bonds.

The changing in the crystallization method hascéfe the physical and chemical properties of thadtaamol, by
changing its crystal habits. The crystals prepaved fast cooling rate route were the most accdptabes to be
used in preparation of tablets by direct compressio

Acknowledgments
The authors gratefully acknowledge the finance eupmf this work by Damascus university, and the
pharmaceutical company Amrit.

REFERENCES

[1] Al Saalloum Issa. Pharmaceutical Thechnology(s} Bdition. Tishreen Uni, Faculty of Pharmacy, 82006
[2] Behera S, Ghanty S, Ahmad F, Santra S, Banerjéé&isl Bioanal Tech 3:151.2012doi: 10.4172/2155-9872.
[3] British Pharmacopoeia Commession, British Pharmaeiap2013 Appendix | D. Buffer Solutions.

[4] Garti, N.; Karpuj, L.; Sarig, S. The effect of sehts and crystallization conditions on crystal ihals
cholesterolCryst. Res. Technol. 1981

[5] Hinz B, ChereminaO, Brune KASEB 2008, J22: 383-390.

[6] J. Sebastian Kaerger, Stephen Edge, Robert Bicepean Journal of Pharmaceutical Sciences 2004, 22, 173—
179.

[7] Jadwiga Tritt-Goc, Joanna Kowalcz@Q02European Journal of Pharmaceutical Sciences 15, 341-346.

[8] James Swarbrick: Encyclopedia of PharmaceuticatA@ogy- third edition, 820-871, New York, USA.

[9] JonathanC. Burely, et dturopean journal of pharmaceutical sciences 2007, 31, 271-276.

[1L0]N. Al-Zoubi, J.E. Koundourellis, S. Malamatardsurnal of Pharmaceutical and Biomedical Analysis 2002 29,
459-467.

[L1]N. Al-Zoubi, K. Kachrimanis, S. Malamatarisuropean Journal of Pharmaceutical Sciences, 2002 17, 13-21.
[12]N. Blagden, M. de Matas, P.T. Gavan, P. Y@dvanced Drug Delivery Reviews 200759, 617—-630.
[13]Nagy, Z.K.; Chew, J.W.; Fujiwara, M.; Braatz, R.@vances in the modeling and control of batch
crystallizers.Proceedings of the IFAC SymposiunAdranced Controlof Chemical Process&3)4Jan 11-14.
[14]Simon Gaisford, Asma B.M. Buanz, NadyaJethdaurnal of Pharmaceutical and Biomedical Analysis 2010
53, 366-370.

[15]S Talegaonkar; A Yakoob Khan; R Kishan Khar; Fdsléhmad; Z KhanJPR, 2007, Page 95-99.

[16] Tiwary, A. Drug Dev. Ind. Pharm. 2001

[17] Tiwary, A.K.; Panpalia, G.MLndian J. Pharm. Sci. 2000 62 (4), 267-272,

[18]United State Pharmacopeia, National Formulary 34 Reckville, United States Pharmacopeial Conventio
2011, 1893.

[19]Veesler, S.; Boistelle, R.; Delacourte, A.; GuyhtC.; Guyot-Herman, A.-MDrugDev. Ind. Pharm. 1992 18
(5), 539-560.

[20]Viswanathan AN, et al.Cancer Res, 2008 68: 2507-2513.

236



