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PREFORMULATION STUDIES 

 

The term "preformulation" refers to the stage of development where the physicochemical 

characteristics of the pharmacological substance are identified and established. Determining 

the drug substance's ideal formulation and delivery strategy requires thorough knowledge of 

the key therapeutic and physicochemical qualities. Every drug substance has inherent 

chemical and physical characteristics that are taken into account before pharmaceutical 

formulations are formulated. When designing a dosage form, this feature provides the 

framework for combining a drug substance with other excipients [1-4]. 

 

4.1. AUTHENTICATION OF ACTIVE INGREDIENTS 

Authentication of Paclitaxel and Cyclophosphamide was done by Melting Point 

determination, FTIR and by determining maximum wavelength by UV visible 

spectrophotometer [5-7].  

 

4.1.1 Melting Point Determination 

Pure drug was placed inside a capillary tube that was sealed on one end and attached to a lab 

thermometer so that it was kept submerged in a liquid paraffin bath. Its melting temperature 

was defined as the range of temperatures between which the medication began to melt and 

completely melted [5, 8, 9]. 

 

4.1.2 FTIR Spectroscopy 

IR-spectrum of drug was measured in the solid state by preparing a Potassium Bromide (KBr) 

pellet. The pure drug was previously ground individually and mixed thoroughly with KBr 

separately, an infrared transparent matrix at 1:100 (sample KBr) ratio. The pellets were then 

scanned over a wavelength range of 4000-400 cm-1 and a spectrum was obtained by using a 

Spectrum –II FTIR spectrometer (PerkinElmer, USA) [6, 10-15]. 

 

4.1.3 Determination of Wavelength Maxima 

Fixed amount of API was dissolved in methanol and UV scan of solution was executed 

against the methanol as blank in UV visible spectrophotometer (Shimadzu) in between the 

wavelengths of 200 to 400nm [7, 16, 17]. 
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4.2. SCREENING OF SOLID LIPIDS 

In a 10 ml clear glass vial, 2.0 g solid lipid was taken and melted at temperature 10 °C above 

its melting point on a hot plate cum magnetic stirrer. To this melted lipid, drug was added in 

small increments (5 mg) with constant stirring using a magnetic bead. After addition of each 

increment of drug, the mixture was stirred for 15 minutes to allow complete solubilisation of 

drug and equilibration. Loss of transparency indicated saturation solubility of drug in the lipid 

[18-22]. 

 

4.3. SCREENING OF LIQUID LIPIDS/ OILS 

2 ml of liquid lipid was taken in a clear glass vial and heated to 60°C. To this, drug was 

added in small increments (5 mg). This was then subjected to stirring to ensure thorough 

mixing of drug in the liquid lipid. Loss of transparency indicated saturation solubility of drug 

in the lipid [18-22]. 

 

4.4. SCREENING OF CO-SURFACTANTS 

2 ml of co-surfactant was taken in a clear glass vial and heated to 60°C. To this, drug was 

added in small increments (5 mg). This was then subjected to stirring to ensure thorough 

mixing of drug in the co-surfactant. Loss of transparency indicated saturation solubility of 

drug in the co-surfactant. The precipitation of drug indicated co-surfactant is not compatible 

with drug [18-22]. 

 

4.5. SOLID LIPID-LIQUID LIPID COMPATIBILITY STUDIES 

Solid Lipid-Liquid Lipid compatibility was evaluated by solidification test. 1.0 g of solid 

lipid and 1.0 g of liquid lipid was taken in clear glass vial and heated at temperature 10°C 

above the melting point of solid lipid on a hot plate cum magnetic stirrer and mixed using 

magnetic bead. After sufficient mixing, the magnetic bead was removed and the solid lipid-

liquid lipid mixture was allowed to cool to room temperature (25±5°C). After cooling, 

mixture was observed for any droplets of oil on the surface. Similarly, solidification test was 

performed for the mixture of 1.0 g of solid lipid and 2.0 g of liquid lipid as well as 1.0 g of 

solid lipid and 3.0 g of liquid lipid [18].  
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4.6. SELECTION OF CO-SOLVENT 

Ethanol is widely used and widely accepted co-solvent in parenteral i.v. formulations. 

Addition of alcohol increases the capacity of system to solubilise the hydrophobic molecules 

of API. Ethanol is a preferred solvent for the solubilisation of Paclitaxel and 

Cyclophosphamide. Therefore, ethanol was suitable as a co-solvent for the formulation of 

NLCs.  

 

Acetone is also well accepted solvent due to its lower boiling point (56°C) leading to faster 

evaporation during compounding for NLCs. Paclitaxel and Cyclophosphamide have 

solubility in acetone making it a preferred co-solvent for the formulation of NLCs [23, 24]. 

 

4.7. DRUG EXCIPIENT COMPATIBILITY STUDIES 

Isothermal stress testing method was used to assess the compatibility between drug-drug and 

drug-excipient. Briefly, a fixed amount of pure drugs and excipients were weighed separately 

and in combination. Individual drugs and drug-drug/drug-excipient combinations were 

transferred in to an appropriately labelled glass vial. Each vial was sealed properly and placed 

in stability chamber at 40±2°C/75±5%RH for 4 weeks for Paclitaxel-Excipient compatibility 

and at 25±2°C/60±5%RH for 4 weeks for Cyclophosphamide-Excipient and drug-drug 

compatibility. 

 

To identify the physical instability, organoleptic parameters of samples such as colour and 

texture were observed initially and at the end of 4th week. To identify the chemical 

instability, samples were divided into two parts at the end of 4th week. First part of samples 

was used to record the Fourier-Transform Infrared (FT-IR) spectrum using FT-IR 

Spectrometer. Disappearance of absorption bands or reduction of the band intensity combined 

with the appearance of new bands give a clear evidence for interactions. The second part of 

samples were separately mixed with fixed quantity of methanol, sonicated for 5 minutes 

followed by filtration through 0.22 µm membrane and analysed using the developed High 

Performance Liquid Chromatography (HPLC) methods for API content. [25-27] 
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RESULTS AND DISCUSSION 

4.8. AUTHENTICATION OF ACTIVE INGREDIENTS 

4.8.1 Melting Point Determination 

The melting point of Paclitaxel was found as 215-217°C with decomposition which is within 

the reported range of 213-220°C with decomposition [28, 29]. 

 

The melting point of Cyclophosphamide was found as 45°C which is in the reported range of 

43-45°C [30]. 

 

4.8.2 FTIR Spectroscopy 

The FTIR scan of Paclitaxel was found to match with the IR scan of reference standard [31, 

32]. The FTIR spectrum of Paclitaxel is presented in Figure 4.1. 

 

 

Figure 4.1: FTIR Spectrum of Paclitaxel 

 

The FTIR scan of Cyclophosphamide API was found to match with the IR scan of reference 

standard [33]. The FTIR spectrum of Cyclophosphamide API is presented in Figure 4.2. 
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Figure 4.2: FTIR Spectrum of Cyclophosphamide 

 

4.8.3 Determination of Wavelength Maxima 

The wavelength maximum of Paclitaxel was obtained as 227nm which is in line with the 

reported value in the DMF of Paclitaxel. The UV scan of Paclitaxel is presented in Figure 

4.3. 

 

 

Figure 4.3: UV scan of Paclitaxel API 

 

The wavelength maximum of Cyclophosphamide was obtained as 218nm which is in line 

with the reported value in DMF of Cyclophosphamide. The UV scan of Cyclophosphamide 

API is presented in Figure 4.4. 
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Figure 4.4: UV scan of Cyclophosphamide API 

 

4.9. SCREENING OF SOLID LIPIDS 

The solubility of Paclitaxel was tested in various solid lipids and Paclitaxel was found to have 

highest solubility in Stearic acid and PEG-100 Stearate. Further the solubility of 

Cyclophosphamide was evaluated in Stearic acid and PEG-100 Stearate. Cyclophosphamide 

was found to have higher solubility in PEG-100 Stearate and therefore, PEG-100 Stearate 

was selected as solid lipid for the preparation of nanostructured lipid carriers [34]. The results 

of solubility of Paclitaxel in different solid lipids are presented in Figure 4.5. 

 

 

Figure 4.5: Solubility of Paclitaxel in different solid lipids 
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4.10. SCREENING OF LIQUID LIPIDS/ OILS 

The solubility of Paclitaxel was tested in various liquid lipids/ oils and Paclitaxel was found 

to have highest solubility in PEG-8 Caprylic/Capric Glycerides. As Paclitaxel was found to 

have highest solubility in PEG-8 Caprylic/Capric Glycerides, same liquid lipids/ oils were 

further evaluated to check the solubility of Cyclophosphamide. Cyclophosphamide was also 

found to have very good solubility in PEG-8 Caprylic/Capric Glycerides. PEG-8 

Caprylic/Capric Glycerides was selected as liquid lipid for the manufacturing of 

nanostructured lipid carriers and microemulsion [34]. Though, clove oil was having highest 

solubility, it was not selected as clove oil is not recommended for intravenous use [35].  The 

results of solubility of Paclitaxel in different liquid lipids/ oils are presented in Figure 4.6. 

 

 

Figure 4.6: Solubility of Paclitaxel in different liquid lipids/ oils 
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4.11. SCREENING OF CO-SURFACTANTS 

Paclitaxel was found to have highest solubility of more than 100mg/gram in PEG-400. 

Hence, same co-surfactant was further evaluated to check the solubility of 

Cyclophosphamide. Cyclophosphamide was also found to have very good solubility of more 

than 250mg/gram in PEG-400. Paclitaxel's solubility in PEG-400 is largely due to 

hydrophobic interactions between the drugs and the polyethylene chains, which help to 

dissolve the drugs more effectively than in other co-surfactants. These interactions are crucial 

because Paclitaxel is very poorly soluble in water, necessitating the use of solvents like PEG-

400 to enhance its solubility for therapeutic applications [36-38]. 

 

4.12. SOLID LIPID-LIQUID LIPID COMPATIBILITY STUDIES 

PEG-100 Stearate and PEG-8 Caprylic/Capric Glycerides mixtures were observed to be 

compatible with each other at 1:1, 1:2 and 1:3 ratio with no droplets on the surface of 

solidified mixture and as well as on the filter paper. Hence, mixture of PEG-100 Stearate and 

PEG-8 Caprylic/Capric Glycerides was selected for formulation of nanostructured lipid 

carriers [39-40].  

 

4.13. DRUG EXCIPIENT COMPATIBILITY STUDIES 

[A] Physical Stability 

There was no change in the physical description for all the mixtures after 4 weeks as 

compared to the Initial physical description. Based on the physical appearance, it is clear that 

both the drugs are compatible with all the excipients. 

 

[B] Compatibility by FTIR 

FTIR scan of drug alone versus the drug-drug and drug-excipient mixtures showed no change 

in the spectral peaks (Figure 4.7 and Figure 4.8). No significant changes in the distinct bands 

of the drug substance in drug-drug and drug-excipient mixtures were observed when 

compared to drug substance alone at the end of 4 weeks. For Paclitaxel, carbonyl (C-O) 

stretching at 1734cm
−1

, C-O stretching of amide group at 1645cm
−1

 and ester (C-O) 

stretching at 1245cm
−1 

are distinct bands. Similarly, C-O stretching of amide group at around 

1650cm
−1

, C–Cl stretching at around 800cm
−1

 and secondary amine group stretching at 

746cm
−1

 are distinct bands for Cyclophosphamide. No change in these distinct bands for 
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Paclitaxel and Cyclophosphamide were observed. The results are presented in Table 4.1 and 

Table 4.2. 

 

Figure 4.7: FTIR Spectra of Paclitaxel – Excipient Compatibility studies [A] Paclitaxel 

pure drug [B] Paclitaxel + Cyclophosphamide [C] Paclitaxel + Cremophor EL 

[D] Paclitaxel + Soluplus [E] Paclitaxel + Acconon MC8-2 [F] Paclitaxel + PEG-400 

[G] Paclitaxel + Softemul 165 

 

Table 4.1: FTIR Spectra Interpretation for Drug-Drug and Drug-Excipient 

compatibility studies of Paclitaxel [41] 

Sr. 

No. 
Description of Mixture 

Distinct bands observed in FTIR  

Carbonyl (C–

O) stretching 

C-O stretching 

of Amide group 

Ester (C–O) 

stretching 

A Paclitaxel pure drug 1733.96 1646.90 1244.39 

B Paclitaxel + Cyclophosphamide 1734.92 1648.14 1246.90 

C Paclitaxel + Cremophor EL 1733.61 1650.22 1247.57 

D Paclitaxel + Soluplus 1734.32 1646.79 1244.61 

E Paclitaxel + Acconon MC8-2 1735.07 1647.66 1249.24 

F Paclitaxel + PEG 400 1735.40 1646.43 1249.09 

G Paclitaxel + Softemul 165 1730.95 1643.10 1253.59 
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Figure 4.8: FTIR Spectra of Cyclophosphamide – Excipient Compatibility studies 

[A] Cyclophosphamide pure drug [B] Paclitaxel + Cyclophosphamide 

[C] Cyclophosphamide + Cremophor EL [D] Cyclophosphamide + Soluplus 

[E] Cyclophosphamide + Acconon MC8-2 [F] Cyclophosphamide + PEG-400 

[G] Cyclophosphamide + Softemul 165 

 

Table 4.2: FTIR Spectra Interpretation for Drug-Drug and Drug-Excipient 

compatibility studies of Cyclophosphamide [42] 

Sr. 

No. 
Description of Mixture 

Distinct bands observed in FTIR (cm−1) 

C-O 

stretching of 

Amide group 

C-Cl 

stretching 

Secondary 

amine 

stretching 

A Cyclophosphamide pure drug 1651.58 844.64 746.35 

B Paclitaxel + Cyclophosphamide 1648.14 846.42 746.59 

C Cyclophosphamide + Cremophor EL 1643.94 841.08 742.97 

D Cyclophosphamide + Soluplus 1650.34 844.76 746.43 

E Cyclophosphamide + Acconon MC8-2 1643.38 839.12 744.62 

F Cyclophosphamide + PEG 400 1639.60 842.53 745.01 

G Cyclophosphamide + Softemul 165 1643.19 840.79 744.71 
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 [C] Compatibility by HPLC 

The assay of drug alone versus the drug-drug and drug-excipient mixtures was found to be 

within the range of 98.0 to 102.0% as analyzed by HPLC. No shift in the retention time of 

Paclitaxel or Cyclophosphamide was observed for drug substances present in drug-excipient 

mixtures. Thus, it was concluded that all the selected excipients were compatible with 

Paclitaxel and Cyclophosphamide. The overlays of the chromatograms are presented in 

Figure 4.9. 

  
 

Figure 4.9: Overlay of Chromatograms for Drug-Drug and Drug-Excipient 

compatibility studies [A] CYC pure drug [B] CYC in CYC + Cremophor EL mixture 

[C] CYC in CYC + Soluplus mixture [D] CYC in CYC + Acconon MC8-2 mixture 

[E] CYC in CYC + PEG-400 mixture [F] CYC in CYC + Softemul 165 mixture [G] 

CYC in PAC pure drug + CYC pure drug mixture [H] Paclitaxel pure drug [I] PAC in 

PAC + Cremophor EL mixture [J] PAC in PAC + Soluplus mixture [K] PAC in PAC + 

Acconon MC8-2 mixture [L] PAC in PAC + PEG-400 mixture [M] PAC in PAC + 

Softemul 165 [N] PAC in PAC pure drug + CYC pure drug 
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