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ABSTRACT

The present study deals with the solid state characterization of novel Ceftiofur Sodium having moisture content in
the range of 5.0-8.0%. Here the analytical challenge is to determine the exact hydration state, i.e. Dihydrate or
Hemipentahydrate or Trihydrate. Based on the results of vacuum assisted PXRD, DSC, TGA, DVSand HSM the
hydration state was confirmed as trihydrate wherein one mole in the lattice, forms channel hydrate and two moles
are possibly present asion-associated..
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INTROUDUCTION

Ceftiofur Sodium Figure 1), a third-generation cephalosporin antibiotic [is],administered as an intramuscular
injection for treatment of some respiratory dissaisebeef cattle, diary cattle, swine and day-dictkens, and to
treat interdigital dermatitis in cattle [2]. It $iaalso been assessed for treatment of mastitisotret septic
conditions in cattle [3]. The chemical designation is [6r-[6a,7b(z)]]-7-HBino-4- thiazolyl)(methoxyimino)
acetyl] amino]-3-[[2-furanylcarbonyl)thio]lmethy8-oxo-5-thia- 1-azabicyclo [4.2.0] oct-2-ene-2-lmaxylic acid.
The sodium and hydrochloride salts are administeredmuscularly and intravenously.

Figure 1: Ceftiofur Sodium
(@] ONa

Molecular Formula: CigHi1eNsNaO,S;
Molecular Weight : 545.54

4589



K. Suresh Kumar et al J. Chem. Pharm. Res., 2012, 4(10):4589-4596

The amorphous form of Ceftiofur Sodium salts sashsodium salt and amine salt and ester formsief t
cephalosporin antibiotic are somewhat unstable at®iy and are difficult to purify and are less uable to work
with in manufacturing pharmaceutical formulatiorentaining them. The amorphous salts are diffisolids to
isolate in pure form and handle in pharmaceuticahufiacturing plants. Hence there is a need togpeepCeftiofur
Sodium in a crystalline form. In our continuedeash we have identified a process for the prejparat Ceftiofur
Sodium as a crystalline product, the crystallindtiGir sodium prepared according to our inventismovel and
having good stability over conventional amorphorsdpct [4-6].

The present study deals with the determinationydfdtion state of a novel polymorph of Ceftiofadaim using
various analytical techniques like vacuum assiSt&&D, DSC & TGA, DVS (Dynamic Vapor Sorption) ahibt
Stage Microscopy (HSM).

EXPERIMENTAL SECTION

Material
Ceftiofur sodium was used “as supplied” by Orchlte@icals and Pharmaceuticals Limited, Chennaialndi

Differential Scanning Calorimetry (DSC)

Calorimetric response of the samples was measwiad DSC (Perkin Elmer, Diamond DSC, USA), opeigtiith
Pyris® software (version 7). Prior to analysis, calitmatof the instrument was performed using indium).(I
Powder sample (3-5 mg) was weighed into an alumimam and sealed with pin-holed lid. Heating ratés o
10°C/min was employed under nitrogen purge at 4timl

Thermogravimetric Analysis (TGA)
TGA was performed using Mettler Toledo 85IGA/SDTA in pin-holed aluminium crucibles at 10/A@n under
nitrogen purging (20 mL/min). Analysis was perfodnesing Mettler Toledo Starsoftware ver. 5.1.

Microscopy

Particle characteristics of solids were assesseaphtigal/polarized microscopy using a Leica DMLBIgsized light
microscope (Leica Microsystems, Germany). Photoogi@phs were acquired using RICOH XR-X3000D camera
(RICOH, Japan). For hot stage microscopy (HSM), @amwere mounted in silicone oil on the hot stéggca
LMW 50, Germany) and heated from 25-350 °C. Data &aalyzed using Linksysoftware.

Powder X-Ray Diffraction (PXRD)

PXRD studies were conducted using Bruker-D8 Advaliffeactometer (Bruker, The Netherlands) equippétth a

26 compensating slit, Cuk radiation (1.54A) at 40 kV, 40 mA passing throughfilter with a wavelength of
0.154 nm at 20 mA and 35 kV. Instrument was caléatdor accuracy of peak positions using corrund8amples
(100-500 mg) were placed into the sample holderaralyzed with rotation to nullify the orientatieffect. Data
was collected in a continuous scan mode with asitapof 0.01° and step time of 1 sec over adafahge of 3° to
40°. Analysis was performed with DIFFRAC plus E\(#ersion 9.0) diffraction software. For variablacuum

assisted PXRD study, sample was analyzed in a watwlder, supplied with the equipment. A vacuuroiegjent

to 10 torr was applied to the sample for 1 houmatan, followed by determination of the diffractipattern, in the
presence of vacuum.

RESULTS AND DISCUSSION

Differential Scanning Calorimetry:
DSC observation of Ceftiofur sodiurRigure.2) showed two endotherms in the region of 30-70félowed by a
second endotherm in the region of 80-120 °C (hgatite 10 °C/min).

Thermogravimetric Analysis:

TGA observation of Ceftiofur sodiunfrigure.3) showed an initial weight loss of 3.4%, followeg & small weight
loss of 0.45%, and a subsequent weight loss of 5G&gulation in terms of the molar amount of watkowed that
the first loss of 3.4% corresponds to loss of 1emafl water, while the second and third step logettrer (0.45%
and 5.1% respectively) contribute to about 2 mofesater.
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Figure 2. DSC Thermogram of Ceftiour Sodium
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Figure 3: TGA Thermogram of Ceftiofur sodium
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Microscopy:
Microscopic observation of Ceftiofur sodium showptedominantly lath shaped crystals, with charastieri
birefringence Figure.4). Birefringence confirms the crystalline natufeCeftiofur sodium.

Figure 4: Optical and Polarized Light photomicrographs
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Figure 5: Optical photomicrograph showing the los®f water as bubbles from the crystal lattice at avund 135 °C. After loss of water
corresponding to the second endotherm observed indiC, an amorphous solid was obtained.

Hot Stage microscopy:
Hot stage microscopic analysis of Ceftiofur sodionmersed in silicone oil showed no water loss gpoading to
the first step loss in TGA.

A peculiar observation during HSM was that, durimgating from ambient temperature till about 80 fis
boundaries of the crystal showed progressive dargemowards the centre of the crystaisgiire.5 & 6). The
temperature range of progressive darkening coe®latith the first water loss observed in the DS@chS
phenomenon of progressive darkening has been egbfot a class of hydrates, known as the channealgs.
Channel hydrates show dehydration beginning atehes” of the crystal and continuing toward the teeralong
the channels. Loss of first water molecules ongheace of channel create a channel for the lossubSequent
water molecules, and set up a thermodynamic gradiethe same direction. Such kind of observatias been
reported for a number of molecules, including artipicand theophylline [7]. This observation cae basily seen
in the hot stage microscopy, wherein, the dehyoinaéippears as a progressive darkening (increapiagty) from
the ends of the crystal toward the centre. H@wewater loss was observed from the crystalstatrgerature of
100-140 °C corresponding to the second DSC enduotheonfirming the second step water loss to bentater of
hydration. Optical photomicrograph showing the loksvater as bubbles from the crystal latticerauad 135 °C
(Figure 5) . After loss of water corresponding to the secendotherm observed in DSC, an amorphous solid was
obtained.
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Figure 6: Optical photomicrographs of, at (a) 31,1§) 65 and (c) 70 °C; showing progressive darkeningf crystals towards the centre
(indicated by arrows). The temperature range corregonds to the first step water loss observed in tHeSC thermogram.
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Figure 7: Vaccum assisted PXRD

After loss of water, at around 150 °C, materialvarted to amorphous form, devoid of any birefringgenFurther
heating led to charring of the crystal (decomposijtiat a temperature of around 240 °C. Thereftire,first
endotherm observed in DSC might be due to the dbsgater present in the channels, thus indicatirtg be the
water of hydration.
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Figure 8: DSC before and after vacuum treatment

Powder X-ray diffraction (PXRD)

PXRD pattern of ceftiofur sodium, before and afpplication of vacuum, showed significant differeacThis
proves that application of vacuum led to changethécrystal lattice of ceftiofur sodiunkigure. 7 shows the
diffractogram of ceftiofur sodium, before and aftacuum application.

Additionally, analysis of the vacuum treated sanipleDSC revealed abolition of the first step wdtess figure.
8). This established that first step of water lass due to water of hydration, present in the chnriRemoval of
latter by vacuum treatment led to significant chemnip the X-ray diffraction pattern.

Crystalline hydrates have been divided into thriesses - Isolated site hydrates, channel hydrate$,the ion-
associated hydrates.

Isolated site hydratesrepresent a class of hydrates which have wateecut#s in their lattice arrangement and the
contact between two water molecules in the lai8datervened by drug molecules. Cephradine didg@belongs
to this category of hydrate.

In channel hydrates water molecules present in the lattice lie nexdther water molecules, thus forming channels
through the crystal. Channel hydrates are subdividi® following classes:

Expanded Channel hydratesare a subclass of channel hydrates, which canrlabmodesorb moisture when
exposed to higher or lower humidity respectivelfisTsubclass can be identified by shift in the PXR&aks.
Absorption of water lead to increase in the latpegameters, which can be visualized in shiftingpafew PXRD
peaks to the smalle®andvice-versa. Drugs like Cromolyn sodium belong to this category.

A planar hydrate is another subclass of channel hydrates, in whiehwtater in the lattice is arranged in a two-
dimensional order or plane. Ibuprofen sodium bedaiogthe classes of planar hydrates.

In Dehydrated hydrates subclass, water in present in the lattice onlywtteey are in the mother liquor. When
removed from the mother liquor, the water is lbst, the lattice arrangement is retained.

lon-associated hydrateg8] contain metal ion-coordinated water. The metater interaction can be very strong
relative to the other bonding in the molecular taysDue to the presence of strong metal-waterractéon,
dehydration in this class of hydrates takes placky at very high temperatures. Drugs like Caltefrititra-
decahydrate contain hydrate water belonging todhiegory.
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The above mentioned literature support and evaloaif the experimental data indicate that theahitiater loss of
Ceftiofur sodium, is possibly a channel water. &nhy, the experimental data, coupled with the fdwt the
compound is a sodium salt, suggest that the wasemt higher temperature is possibly the ion-dased water.

CONCLUSION

Based on the observation in the TGA, HSM (Hot Stitieroscopy - progressive darkening), DSC and vatuu
assisted PXRD, it could be concluded that, the homestalline Ceftiofur sodium is a trihydraterherein one mole
in the lattice, forms channel hydrate and two malespossibly present as ion-associated.
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