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Abstract

The rationale of this pre-formulation research was to carry out physicochemical characterization and forced degradation
stability study of eflornithine hydrochloride (EFH) and to evaluate compatibility of eflornithine hydrochloride (EFH) with
softemul 165 and monecol PC. Melting point, log P and percentage loss on drying of EFH was found 246+0.5°C, -2.1 and
0.084% (< 0.5%), respectively. Abundant spiky crystalline peaks in x-ray diffraction pattern of EFH confirmed extremely
crystalline nature of drug. It was found that EFH has higher solubility in water in comparison to organic solvents. Differential
scanning calorimetry demonstrated compatibility of EFH with monecol PC and softemul 165. Forced degradation study of
EFH concluded that drug has better heat stability but slightly prone to oxidative and photo-degradation.
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Introduction

Eflornithine hydrochloride (EFH) is irreversible
enzyme inhibitor of decarboxylase ornithine. Chemically,
EFH is 2,5-diamino-2-(difluoromethyl) pentanoic acid
hydrate hydrochloride. It is white to off-white crystalline
powder with molecular formula and weight
CH_,F.N,O, HCL.H,O and 236.65 g/mol, respectively.
It is acidic salt of basic drug with pKa 10.2. It is drug of
choice for treatment of facial hirsutism (excessive hair
growth) (Balfour et al., 2001; Goldberg et al., 1997).
Pre-formulation is the main phase for stable, logical,
effective and safe product design of an active
pharmaceutical ingredient (API). The goal was to
investigate the physicochemical properties of EFH and
the compatibility analysis of EFH with softemul 165 and
monecol PC for conducting further research involving
development of solid lipid micro-or nanoparticle of EFH
with Softemul 165 and Monecol PC by solvent
evaporation process (Censi et al., 2014; Krupa et al.,
2014; Penumetcha et al., 2016; Sanghvi et al., 2009;
Singh et al.,2012; Singh et al.,2016a; Singh et al.,2016b;
Sharma et al., 2019).

Materials and Methods
Materials
Eflornithine hydrochloride (CAS NO: 96020-91-6)

was purchased from Rusan Pharma Ltd., Mumbai, India.
Softemul 165 and Monecol PC were procured from
Mohini Organics Private Limited, Mumbai, India.

Determination of Physicochemical Characteristics
of EFH

* Melting Point Determination Using Capillary
Method: Small quantity of drug was placed into a sealed
capillary tube. The tube was placed in the melting point
apparatus. The temperature in the apparatus was
gradually increased and the observation of temperature
was noted at which drug started to melt and the
temperature when the entire drug gets melted (Killedar
et al.,2014; Sharma et al., 2017a; Sharma et al., 2019).

Loss on Drying (% LOD)

Place approx. 1.0 g of drug sample into the crucible
and tap carefully, record the weight (W_ ) to = 1 mg.
Place the drug sample into the drying oven with lid in
tilted position at 60 +2°C. After the 24 hour time period,
take the drug sample out of the oven, being careful not to
create turbulence. Replace lid to closed position. Place
the drug sample in the desiccator and allow cooling for at
least 30 minutes. Reweigh the crucible with closed lid
(de) to = 1 mg (Chablani et al., 2011; Mohamed ef al.,
2012; Sharma et al., 2017a).

*Author for correspondence : E-mail: sukhbir.singh@chitkara.edu.in; singh.sukhbir1 2@gmail.com
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Fig. 1: X-ray Diffraction Pattern of EFH.
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Partition Coefficient (n-Octanol/Water) by Shake
Flask Method

100 mg of EFH has been transferred to a separation
funnel containing 1:1 n-octanol/water and put on a 4-
hour mechanical shaker (Baka et al., 2008; Bharate et
al., 2016; Sharma et al., 2017a; Sharma et al., 2019).
Samples were collected and examined using UV
spectroscopy. The EFH partitioning coefficient was
calculated using the following equation:

amount of EFH in n - octanol

el amount of EFH in water )

Solid Form Identification Using X-Ray Diffraction
Study

Table 1: Observed peaks of EFH after different types of forced

degradation.

Degradation Time | Observed | Reported

study (hr) peak peak

1 242 243

Acid hydrolysis 2 254 243

4 253 243

1 238 243

Base hydrolysis 2 246 243

4 244 243

1 243 243

Oxidation hydrolysis 2 214 243

4 215 243

1 244 243

Photo degradation 2 244 243

4 - 243

1 242 243

Heat-induced degradation 2 242 243

4 244 243

Solid form verification was performed through
powder x-ray diffraction (PXRD) pattern of EFH
obtained using x-ray diffractometer (Xpert-Pro
diffractometer) employing 1.54 A° CuKa and 1.39 A°
CuKp radiations. Data was mounted in continuous
scanning mode over an angular range from 5-50° at 20
scale at 2° per min scan mode (Sharma et al., 2019;
Vippagunta ef al., 2002).

Solubility Study by Equilibrium Solubility Method

The solubility of EFH was determined in various
solvents i.e. methanol, acetone, distilled water, ethanol,
0.IN hydrochloric acid, phosphate buffer pH 7.4,
chloroform and dichloromethane. Excess quantity of EFH
was dissolved in 10 ml solvent in screw-capped glass
vials and placed in orbital shaker (Remi, India) for 24
hours at 37°C. Samples were withdrawn and absorbance

Solubility (mg/ml)

Solvents

Fig. 2: Solubility of EFH in different solvents.



Preformulation and Forced Degradation Studies of Efloranithine Hydrochloride

_ /A_//\‘/

7

40760 80 100 120 140" 160 180 200 220 240 260 280 300 320 340 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
Temperature (degree celsius) Temperature (degree celsius)

@ ®)

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
Temperature (degree celsius) Temperature (degree celsius)
a

©
Fig. 3: DSC Curves of (a) EFH, (b) monecol PC, (c) softemul 165, (d) physical mixture
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was  recorded using UV-
spectrophotometer for quantification of
EFH (Table 1) (Dezani et al., 2013;
Sharma et al., 2017a; Sharma et al.,
2019; Shete, et al.,2013).

Force Degradation Stability
Studies via UV Spectrophotometer

Stress degradation study like
alkaline/acidic stress, oxidative,
photolytic and heat induced
degradation of drug solution was
carried out for 1, 2 and 4 hr. After
stress degradation, the resultant
solution was diluted with distilled water
up to 10 ml and spectra’s were

of EFH, softemul 165 and monecol PC.
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Fig. 4: Overlay graph of acidic degradation of EFH at (a) 1 hr Fig. 5: Overlay graph of basic degradation of EFH at (a) 1 hr
(b) 2hrand (c) 4 hr. (b) 2hrand (c) 4 hr.
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recorded (Sharma et al., 2017b; Singh et al., 2016c).
The spectra’s of the stressed samples were compared
with those of control samples that were freshly prepared
from the standard stock solution and without stress. All
samples were analyzed in triplicate (Blessy et al., 2014).
For acid and base hydrolysis, sample solution containing
1 ml aliquot of drug was transferred into 10 ml of
volumetric flask, mixed with 1 ml of 0.1M hydrochloric
acid as well as 0.1M sodium hydroxide independently
and allowed to stand for 1, 2 and 4 hr. at 60+£2°C.
Subsequently, samples were neutralized with 1 ml of 0.1M
sodium hydroxide and 0.1M hydrochloric acid,
respectively. For oxidative stress, sample solution
containing 1 ml aliquot of drug was transferred into a 10
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ml volumetric flask, mixed with 1 ml of 1% v/v hydrogen
peroxide and kept aside for 1, 2 and 4 hr at 60+2°C.
Photolytic degradation was studied by placing drug
solution in a clear volumetric flask and exposing it to direct
UV light for 1, 2 and 4 hr. for heat-induced degradation,
one milliliter aliquot of sample solution containing drug
was transferred to 10 ml amber volumetric flask and
heated for 1, 2 and 4 hr. at 60+2°C.

Drug-Polymer Compatibility investigation by
Differential Scanning Calorimetric (DSC)

The thermal analysis of EFH, softemul 165, monecol
PC and physical mixture (EFH: softemul 165: monecol
PCin 1:1:1) was performed on DSC 4000 Perkin Almer,

Germany using Pyris Software. 5 mg samples were taken
in an aluminum pan and heated over 25-350°C at 20°C/

©

Fig. 6: Overlay graph of oxidative degradation of EFH at (a)
1 hr (b) 2 hr and (c) 4 hr.

Fig. 7: Overlay graph of photolytic degradation of EFH at (a)
1 hr (b) 2 hr and (c) 4 hr.
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min with nitrogen purging at 100 mL/min (Choudhary et
al.,2012; Dong et al., 2018).

Results and Discussion

Physicochemical Characteristics of EFH

» Melting Point, % LOD and Partition Coefficient:
Melting point of EFH was found 246+0.5°C which was
in compliance with theoretical value. % LOD of EFH
was found 0.084% of its weight after being dried at 105°C
for three hours which was in compliance with the reported
value (% LOD < 0.5%). Log P of EFH as estimated by
shake flask method was found -2.1.

Solid Form Identification

X-ray diffractogram of EFH showed spiky crystalline
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Fig. 8: Overlay graph of heat-induced degradation of EFH at
(a) 1 hr (b) 2 hr, and (c) 4 hr.
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peaks at 20=5.6°,10.2°,19.8°,21.3°,22.7°,24.8°,25 .4°,
26.1°,27.3°,28.7°,29.6°,30.4°,31.1°,32.4°,33.2°,33.9°
and 42.9° which confirmed hig crystallinity of EFH (Fig. 1).

Solubility Study

Solubility of EFH estimated in various solvents by
equilibrium solubility method has been represented in fig.
2. It was found that EFH has higher solubility in water in
comparison to organic solvents.

Drug-Polymer Compatibility Study

Fig. 3, embodied the DSC thermograms of (a) EFH,
(b) softemul 165, (c) monecol PC and (d) physical mixture
of EFH, softemul 165 and monecol PC. DSC thermograms
of EFH revealed distinctive endothermic peak at 246.8°C
analogous to its melting point (7, ) which indicated
significantly crystalline characteristics of drug (Fig. 3a).
No characteristic peak was observed in DSC thermogram
of softemul 165 indicating its amorphous nature (Fig. 3b).
Monecol PC showed typical peak at 65.44°C (Fig. 3c¢).
The distinctive endothermic peaks of EFH and monecol
PC were remarkably observed in physical mixtures which
illustrated drug-polymer compatibility (Fig. 3d) (Choudhary
etal.,2012; Dong et al., 2018).

Force Degradation Stability Studies via UV
Spectrophotometer

The UV spectra of EFH did not show any significant
acidic degradation (Fig. 4) while small alkaline degradation
was observed in comparison to unexposed EFH (Fig. 5).
EFH did not demonstrate any noteworthy oxidative
degradation at 1 hr but show significant degradation at 2
and 4 hr. at 60+2°C (Fig. 6). EFH did not illustrate any
considerable photo-degradation at 1 and 2 hr but reveal
noteworthy degradation at 4 hr at 60+2°C (Fig. 7). EFH
did not show any significant heat-induced degradation at
1, 2 and 4 hr. at 60£2°C (Fig. 8). Table 1 depicts the
comparison of reported and observed peaks of EFH
achieved after different types of forced degradation of
drug for 1, 2 and 4 hr.

Conclusion

This study demonstrated that melting point, % LOD,
residue on ignition and log P of EFH were 246+0.5°C,
0.084% (< 0.5%) and -2.11687+0.011, respectively. It
was researched that EFH has highly crystalline nature.
EFH was found highly soluble in water. Differential
scanning calorimetry concluded compatibility of EFH with
monecol PC and softemul 165. Forced degradation study
of EFH concluded that drug has better heat stability but
slightly prone to oxidative and photo-degradation.



2918

Acknowledgement

The authors wish to thank Chitkara University for
providing platform to conduct this research work. The
authors also express their gratitude to Rusan Pharma
Ltd., Mumbai, India for providing Eflornithine
hydrochloride as a gift sample. The researchers also wish
to express their gratitude to Mohini Organics Private
Limited, Mumbeai, India for supplying Softemul 165 and
Monecol PC.

Conflict of Interests

Conflict of interest declared none.

References

Baka, E., J.E.A. Comer and K. Tak "acs-Nov "ak (2008). Study of
equilibrium solubility measurement by saturation shake-
flask method using hydrochlorothiazide as model

compound. Journal of Pharmaceutical and Biomedical
Analysis., 46: 335-341.

Balfour, J.A. and K. McClellan (2001). Topical eflornithine.
American Journal of Clinical Dermatology., 2(3): 197-
201.

Bharate, S.S., V. Kumara and R.A. Vishwakarma (2016).
Determining partition coefficient (Log P), distribution
coefficient (Log D) and ionization constant (pKa) in early
drug discovery. Combinatorial Chemistry & High
Throughput Screening., 19: 1-9.

Blessy, M., R.D. Patel, P.N. Prajapati and Y.K. Agrawal (2014).
Development of forced degradation and stability indicating
studies of drugs-A review, Journal of Pharmaceutical
Analysis., 4(3): 159-165.

Censi, R., V. Martena, E. Hoti, L. Malaj and P.D. Martino (2014).

Preformulation study of nicergoline solid dispersions. J.
of Thermal Analysis and Calorimetry., 115: 2439-2446.

Chablani, L., M.K. Taylor, A. Mehrotra, P. Rameas and W.C.
Stagner (2011). Inline real-time near-infrared granule
moisture measurements of a continuous granulation-
drying-milling process. American Association of
Pharmaceutical Scientists., 12: 1050-1055.

Choudhary, A., A.C. Rana, G. Aggarwal, V. Kumar and F. Zakir
(2012). Development and characterization of an
atorvastatin solid dispersion formulation using skimmed
milk for improved oral bioavailability. Acta Pharmaceutica
Sinica B.,2: 421-428.

Dezani, A.B., T.M. Pereira, A.M. Caffaro, J. M. Reis and C.H.R.
Serra (2013). Equilibrium solubility versus intrinsic
dissolution: characterization of lamivudine, stavudine and
zidovudine for BCS classification. Brazilian Journal of
Pharmaceutical Sciences., 49: 853-863.

Dong, W., X. Su, M. Xu, M. Hu, Y. Sun and P. Zhang (2018).
Preparation, characterization and in vitro/vivo evaluation
of polymer-assisting formulation of atorvastatin calcium
based on solid dispersion technique. Asian Journal of

lkmeet Kaur Grewal et al.

Pharmaceutical Sciences., 13: 546-554.

Goldberg, B., D. Rattendi, N. Yarlett, D. Lloyd and C.J. Bacchi
(1997). Effects of carboxylmethylation and polyamine
synthesis inhibitors on methylation of Trypanosoma
brucei cellular proteins and lipids. Journal of Eukaryotic
Microbiology., 44: 352-8.

ICH Q4B Annex 1 (R1): Evaluation and Recommendation of
Pharmacopoeial Texts for Use in the ICH Regions on
Residue on Ignition/Sulphated Ash General Chapter.

Krupa, A., J. Szlék, B.R. Jany and R. Jachowicz (2014).
Preformulation Studies on Solid Self-Emulsifying Systems
in Powder Form Containing Magnesium Aluminomet-
asilicate as Porous Carrier. American Association of
Pharmaceutical Scientists., 16: 623-635.

Mohamed, J.M., P. Bharathidasan and M.M. Raffick (2012).
Preformulation and development of curcumin magnetic
nanosuspension using magnetite (Fe,0,) and methyl

cellulose. International Journal of pharma and bio
sciences.,3:419-432.

Murikipudi, V., P. Gupta and V. Sihorkar (2013). Efficient
throughput method for hygroscopicity classification of
active and inactive pharmaceutical ingredients by water
vapor sorption analysis. Pharmaceutical Development
and Technology., 18: 348-358.

Mwesigwa, E., G. Buckton and A.W. Basit (2005). The
hygroscopicity of moisture barrier film coatings. Drug
Development and Industrial Pharmacy.,31: 959-968.

Penumetcha, S.S., L.N. Gutta, H. Dhanala, S. Yamili, S. Challa, S.
Rudraraju and V. Rudraraju (2016). Hot Melt Extruded
Aprepitant-Soluplus® Solid Dispersion: Preformulation
Considerations, Stability and /n vitro Study. Drug
Development and Industrial Pharmacy., 42: 1609-1620.

Sanghvi, R., E. Mogalian, S.G. Machatha, R. Narazaki, K.L.
Karlage, P. Jain, S.E. Tabibi, E. Glaze, P.B. Myrdal and S.H.
Yalkowsky (2009). Preformulation and Pharmacokinetic
Studies on Antalarmin: A Novel Stress Inhibitor. Journal
of Pharmaceutical Sciences.,98: 205-214.

Sharma, N., S. Arora and J. Madan (2017a). Preformulation
studies of nefopam hydrochloride forphysicochemical
characterization and compatibility analysis with poly-3-
hydroxybutyrate and poly-g-caprolactone. International
Journal of Pharma and Bio Sciences, 8(2): 332-337.

Sharma, N., S. Arora and J. Madan (2017b). UV-Visible
Spectrophotometry method validation for analysis of
nefopam HCI in poly-3-hydroxybutyrate and poly-e-
caprolactone microspheres. International Journal of
ChemTech Research., 10(6): 274-280.

Sharma, N., S. Singh, G Kaur and S. Arora (2019). Preformulation
studies of fluvastatin sodium with polyvinyl pyrollidone
K-30 and polyethylene glycol 6000. Plant Archives., 19(2):
1373-1377.

Shete, H. and V. Patravale (2013). Long chain lipid based
tamoxifen NLC. Part I: Preformulation studies, formulation
development and physicochemical characterization,



Preformulation and Forced Degradation Studies of Efloranithine Hydrochloride

International Journal of Pharmaceutics., 454: 573-583.

Singh, S., N. Singh S. Arora (2012). Diltiazem Hydrochloride
loaded Solid Lipid Microparticles: Development and
Characterization. Journal of Pharmacy Research., 5(7):
3625-3629.

Singh, S., Y. Singla and S. Arora (2016a). Development and
statistical optimization of nefopam hydrochloride loaded
nanospheres for neuropathic pain using Box—Behnken
design. Saudi Pharmaceutical Journal.,24: 588-599.

Singh, S.,N. Sharma, Y.P. Singla, S. Arora and J. Madan (2016b).
Poly (meth) acrylates nanospheres of centrally acting
analgesic drug for postoperative pain: in-vitro and in-vivo

2919

characterization study. International Journal of
Pharmaceutical Sciences and Research.,7(5): 1967-1977.

Singh, S., N. Sharma, Y.P. Singla and S. Arora (2016c¢).
Development and validation of uv-spectrophotometric
method for quantitative estimation of nefopam
hydrochloride in polymethacrylate nanospheres.
International Journal of Pharmacy and Pharmaceutical
Sciences., 8(1): 414-419.

Vippagunta, S.R., K.A. Maul, S. Tallavajhala and D.J.W. Grant
(2002). Solid-state characterization of nifedipine solid
dispersions. International Journal of Pharmaceutics.,
236: 111-123.



