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ABSTRACT 

Objective: The study's objective involved compatibility studies to investigate the possible interactions between 5-fluorouracil (5-FU) and four 
different lipids, and the most appropriate lipid was chosen.  

Differential scanning calorimetry (DSC), X-ray diffraction (XRD), and Fourier Transform Infrared spectroscopy (FT-IR) are used for the 
compatibility study between 5-FU and several excipients as cholesterol, compritol®, stearic acid, and glycerol monostearate (GMS). 

Methods: The physical mixture between 5-FU and each lipid was made by mixing of a certain amount of drug with the same amount of lipid. Drug 
lipid blended mixtures were made by solvent evaporation casting method. 5-FU alone, physical mixture and blended mixture were measured using 
Differential scanning calorimetry (DSC) to investigate melting peak of drug and effect of each lipid on this melting point, X-ray diffraction (XRD) to 
observe the crystalline or amorphous state of drug and Fourier Transform Infrared (FT-IR) to determine any chemical interaction between drug and 
these lipids by observing any shift happened to characteristic peaks related to the drug. 

Results: 5-FU Tm (280.04 °C) peak appeared in drug-lipid physical mixtures with minor changes in position while this peak disappeared in 5-FU-
compritol® and 5-FU-cholesterol blended mixture, indicating that the drug is molecular dispersed. XRD result showed that the crystalline structure 
of 5-FU was present in physical mixtures with four lipids, while in the 5-FU-compritol® blended mixture, the crystalline state of the drug was 
disappeared, confirming the DSC result.  

The FT-IR spectrum of the 5-FU-physical mixtures with four lipids showed that all characteristic peaks of the drug appeared with minor changes. In 
the case of 5-FU-blended mixtures with mentioned lipids, no chemical interaction occurred between the drug and mentioned lipids except in the 
drug-stearic acid blended mixture, the N-H peak at 3136.25 cm-1 was disappeared due to amide ester formation. 

Conclusion: The most appropriate lipids suitable for the preparation of 5-FU solid lipid nanoparticles were GMS and cholesterol.  
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INTRODUCTION 

5-Fluorouracil (5-FU) is a cytotoxic drug used for treating colorectal, 
stomach, breast, and pancreatic cancer. It has been widely used in 
the treatment of cancer and it also exhibits an antibacterial activity 
[1]. Upon intravenous administration, it may cause severe side and 
toxic effects on the gastrointestinal tract, cardiac, neural 
and, transdermal system [2-4]. 

It is rapidly eliminated after intravenous injection with a half-life of 
20 min [5, 6]. 

5-FU requires an effective delivery system for proper therapy; solid 
lipid nanoparticles (SLNs) have emerged as a promising system for 
delivering anti-cancer drugs. SLNs combine the advantages and avoid 
disadvantages of polymeric nanoparticles, fat emulsions, and liposomes.  

Solid matrices in SLNs provide controlled release of drugs, thereby 
avoiding the burst release generally associated with fat emulsions [7]. 

SLNs have been used as drug carriers due to their cost-effectiveness 
and their suitable size. Anticancer drug-loaded SLNs were 
composed to decrease the cytotoxicity and increase the 
bioavailability of the anti-cancer drug [8]. 

SLNs improve the oral bioavailability of the drug through enhancing 
its transport from gut wall to systemic circulation, with a size range 
from (50-1000 nm) composed of physiological lipid, and at room 
temperature, particles are at solid state [9]. 

The use of nanoparticles as a 5-fluorouracil transporter reduced the 
viability of A549 cells (adenocarcinoma human alveolar basal 
epithelial cells) to a greater extent than the drug alone. This was 

mainly due to the increased apoptosis, necrosis, and cell cycle arrest 
[10]. 

The drug-excipient compatibility study is a significant step in the 
pre-formulation phase for composing all forms of dosages. Physical 
and chemical interactions between drugs and excipients can 
influence the drug's stability, bioavailability, safety, and therapeutic 
efficacy [11]. 

Differential scanning calorimetry (DSC) provides information about 
the possible interactions between drug and excipient mixtures 
through thermal behavior and the appearance or disappearance of 
endothermic or exothermic peaks. If a drug is dispersed as a solid-
solution state or molecular dispersion in the lipid system, there will 
not be any endotherm peak detected [12]. 

X-ray diffraction (XRD) and Fourier transform infrared 
spectroscopy (FT-IR) are complementary techniques confirming 
findings or possible functional group interactions [13]. 

In our research, the pre-formulation study of 5-FU with four 
different lipids was evaluated.  

Cholesterol, compritol®, stearic acid, and glycerol monostearate (GMS) 
are commonly used for developing solid lipid nanoparticles (SLNs). 

Cholesterol is an essential component in the animal cell membrane 
[11]. It is used for preparing liposomes for drug delivery. It provides 
further rigidity to the membrane lipid bilayer, thus improving the 
liposome stability.  

Compritol® is a lubricating agent in the production of an oral 
tablet [12]. It is used for formulating sustained-release tablets [13]. 
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Stearic acid is a fatty acid found in animals and some fungi with a 
long chain consisting of 18 carbon atoms. It is also used for the 
preparation of SLNs [14].  

GMS is used as an emulsifying agent in food, pharmaceuticals, and 
cosmetics [15]; monoglycerides are typically obtained from the 
glycolysis or hydrolysis of triglycerides or the direct esterification of 
glycerol with fatty acids [16]. 

For this purpose, DSC measurements were performed on 5-FU in 
pure form, 5-FU-physical mixtures with four lipids, and 5-FU 
blended mixtures with four lipids. Melting temperature 
peaks(Tm) were compared with all measurements.  

FT-IR and XRD were also used for compatibility study between 5-FU 
and lipids by checking shifts of functional groups of drug 
and crystalline state of the drug. 

MATERIALS AND METHODS 

Materials  

5-FU was obtained from Hikma Pharmaceuticals (lot: fl41507602), 
Cairo, Egypt. Cholesterol was obtained from Pallav Chemicals, 
Boisar, India. Compritol® was obtained from Gattefosse, France. 
Stearic acid and dimethylsulfoxide were obtained from Al-Gomhorya 
Company, Cairo, Egypt. GMS was obtained from Central Drug House 
Company (New Delhi, India).  

Methods 

Preparation of 5-FU-lipid physical mixtures  

The physical mixture was made by mixing in a mortar with a pestle 
for 5 min. Four milligrams of drug with the same amount of lipid 
were mixed and stored in closed glass containers away from light 
and humidity (maintained in a refrigerator) for 24 h to be used for 
analysis [17]. 

The physical mixture was prepared by direct mixing (1:1) mass ratio 
in glass mortar to ensure homogenous mixing [18]. 

Preparation of 5-FU-lipid blended mixtures  

Drug-lipid blended mixture was prepared by the simple solvent 
evaporation casting method [17]. 

The free drug solution was prepared by dissolving (160 mg) 
in dimethylsulfoxide (2 ml). The four lipids solutions (stearic 
acid, compritol®, GMS, and cholesterol) were melted at 60 οC. 

The prepared solutions (drug and melted lipids) were poured into 
glass agar dishes and dried at room temperature for 48 h [18]. The 
residue after dryness was scratched by a spatula to conduct the 
consequent analysis. 

DSC thermal analysis 

Differential Scanning Calorimeter (DSC) (Perkin Elmer, Germany) 
equipped with an intercooler used for analysis. The enthalpy scale 
was done on the drug alone, physical mixtures, and blended 
mixtures. DSC was made on the 5-FU-lipid physical mixture (50% 
w/w), 5-FU-lipid (50% w/w) blended mixtures. 

Appearance or disappearance of the drug melting peak may indicate 
an interaction between drug and excipients [19, 20]. 

Flat bottomed aluminum pans were sealed and heated 
under temperature from 30 οC to 450 οC with advanced computer 
software programs at a scanning rate of 10 min-1 
and thermograms were obtained [21]. 

XRD crystallography 

Powdered samples (drug alone, 50% w/w drug-lipid ratio in the 
physical mixture) or 4 mg of each blended mixture (50% w/w drug-
lipid ratio in the blended mixture) were exposed to monochromatic 
nickel-filtered copper radiation (40 kilovolts, 35 milliamperes) using 
Philips XRD equipment model PW/1710. The scanning range of 
2θ angles was made under 2-60 οC at an angular speed of 0.03οper 
second [22]. 

FT-IR spectral analysis 

Infrared spectra of the drug, physical mixture and blended mixtures 
at functional group region (4000-400 cm-1) were measured. 
Powdered samples were analyzed by FT-IR spectrometer 
(Shimadzu, Tokyo, Japan). For analysis, discs were prepared by 
mixing the sample with a small amount of KBr and compressing the 
high-pressure mixture [22]. 

The powder samples (physical mixture or blended mixture) were 
gently mixed with 300 mg of potassium bromide powder 
compressed into discs at a force using a manual tablet presser. A 16 
scan interferogram was collected for each spectrum with 4 cm-1 
resolution to the mid-IR region at room temperature. All samples 
were taken in triplicate and the data presented were the average of 
the three measurements [17]. 

RESULTS AND DISCUSSION 

Thermal behavior, XRD and FTIR of 5-FU, and lipids  

The thermogram of 5-FU (fig. 1) showed a characteristic sharp peak 
of pure 5-FU around 280.04 °C, mainly related to 5-FU melting point 
temperature (Tm) [23, 24]. 

Peak around 148.58οC in the thermogram of cholesterol as shown in 
fig. 2(a) was related to the melting point of this lipid [25]. Then a sharp 
peak at 356.40οC was related to the decomposition temperature of 
lipid [26]. This melting point ensured the crystalline structure of this 
lipid. This result was confirmed by Rostamkalaei et al. [27]. 

Compritol® showed a peak around 72.68οC, which is the melting 
temperature of lipid [21, 27], while the peak at 330οC may be 
attributed to decomposition temperature (Td) as shown in fig. 
2(b) [28]. 

The thermogram of stearic acid showed an endothermic peak at 
53.13οC as presented in fig. 2(c) due to its melting point [29, 30].  

An endothermic peak appeared at 65.2 οC in the thermogram of GMS 
as shown in fig. 2(d) indicating its melting point [29]. This sharp 
endothermic peak indicated the crystalline structure of GMS and 
confirmed the XRD result [31]. 

The XRD pattern of pure 5-FU had numerous sharp peaks at 2θ 
angles of 18.5110°, 20.5291°, 22.8284°, 27.1278° and 30.8148° as 
shown in fig. 3 indicating the crystalline state of the drug [32, 33]. 

Numerous peaks also appeared in the XRD pattern of pure cholesterol, 
indicating this lipid's crystalline structure [26, 27]. It showed peaks at 2θ 
angle 5.272°, 10.604°, 12.83°, 15.501°, 16.972°, 17.393°, 18.154°, 
23.565°, 26.244°, 37.151°, and 42.404° as shown in fig. 4(a). 

Compritol®as shown in fig. 4(b) showed peaks at a 2θ angle of 
21.2033° and 23.6930° confirming its crystallinity [21]. The same 
result was approved by Rostamkalaei et al., with sharp peaks 
obtained at 2θ angles of 21.16° and 25.48° [27]. 

XRD pattern of pure stearic acid as presented in fig. 4(c) showed 
peaks at 2θ angle of 20° and 24° [34]. The same result was obtained 
by Fang et al. [30]. 

The XRD pattern of pure GMS showed peaks at 2θ angles of 13°, 17°, 
22°, and 24° as shown in fig. 4(d) confirming that GMS is crystalline 
[34]. The same finding was observed by Jia et al. [35]. 

FT-IR spectrum of pure 5-FU as presented in fig. 5 and table1 
showed peaks at 3136. 25 cm-1due to N-H stretching, C=O stretching 
at 1658.78 cm-1, C=C stretching at 1446.61 cm-1, C-F stretching at 
1431.18 cm-1, C-N stretching at 1246. 02 cm-1 and vibration of the 
pyrimidine ring at 1350. 17 cm-1 [32, 36]. 

FT-IR spectrum of cholesterol as shown in fig. 6(a) had bands at 
3420 cm-1 due to the presence of a water group and the hydroxyl 
group attached to the cholesterol ring. The bands were observed at 
the 2193-2931 cm-1 referred to C-H stretching modes of aromatic 
compounds. C=O stretching was observed at 1651 cm-1 and 1507 cm-

1. C-H deformation band was observed at 1457 cm-1. Both CH2 and 
CH3 groups were at 1384 cm-1, owing to hydrogen bonding 
vibrations. The bands C-H were observed at 1149 cm-1. C-C-C bands 
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were observed at 1113 cm-1. The ring deformation of cholesterol can 
be assigned at 1050 cm-1.  

Ring breathing was observed at 953 cm-1 and C-C-C Stretching was 
observed at 853 cm-1. Ring deformation was observed at 701 cm-1, 
while the C-OH band was at 568 cm-1 [37]. The major bands for 
cholesterol molecule were found between 2800–3000 cm−1 due to 
asymmetric and symmetric stretching vibrations of CH2 and CH3 
groups. The characteristic peak at 2899 cm−1was due to CH2 
symmetric stretching vibration, one double band (C = C) of 
cholesterol ring was at 1674 cm−1 [38]. 

FT-IR spectrum of Compritol® as presented in fig. 6(b) showed 
absorption bands of C-H stretching at 2815 cm-1, 2849 cm-1,and C=O 
stretching at 1738 cm-1 [21, 27]. 

FT-IR spectrum of stearic acid as presented in fig. 6(c) showed peaks 
at 2915 cm-1, 2945 cm-1, and 2847 cm-1 indicating CH2 stretching 
vibrations. The peaks at 1697.6 cm-1 and 1430.0 cm-1 were due to 
C=O (from carboxyl group) and O-H (hydroxyl group) band 
stretching, respectively. The symmetric stretching peaks of the 
carboxylic group COO appeared at 1410.5 cm-1 and the anti-
symmetric COO appeared at 1518 cm-1. The CH2 fluctuating 
vibrations were seen in 1150-1350 cm-1due to stretching peaks of 
the carboxylic group [29, 30]. 

FT-IR spectrum of GMS showed peaks at three positions, including 
2915 cm-1, 2955.3 cm-1, and 2848.5 cm-1, due to CH2 stretching 
vibrations as presented in fig. 6(d). The carboxyl group (C=O) 
stretching peak was observed at 1729.6 cm-1 [29]. 

 

.  

Fig. 1: DSC of pure 5-FU 
 

 

Fig. 2: DSC of: (A) Cholesterol (B) compritol®(C) Stearic acid (D) GMS 
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Fig. 3: XRD of pure 5-FU 

 

 

 

Fig. 4: XRD of: (A) Cholesterol (B) compritol®(C) Stearic acid (D) GMS 

 

Table 1: FTIR bands of 5-FU (4000-400 cm-1) 

Wavenumber (cm-1) Assignment Main function groups 
3136.25 cm-1 N-H stretching N-H 
1658.78 cm-1 C=O bending C=O  
1500 cm-1 C=C stretching C=C  
1431.18 cm-1 C-F stretching C-F  
1246.02 cm-1 C-N stretching C-N 
1350.17 cm-1 pyrimidine bending Pyrimidine group 
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Fig. 5: The FTIR spectra of pure 5-FU 

 

 

Fig. 6: FTIR of: (A) Cholesterol (B) compritol®(C) Stearic acid (D) GMS 
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Pre-formulation studies with excipients 

Thermal curves were used to detect any physical interactions 
between the drug and four lipids, consequently, chose the most 
proper lipid [19, 39]. 5-FU Tm (280.04 °C) peak appeared in all drug-
physical mixtures with minor changes in position as shown in fig. 7 
and table 2. 

These results were similar to Gardouh et al., at which a 
characteristic peak of the drug (Triamcinolone) was present in its 
physical mixture with GMS [40].  

Regarding DSC results of 5-FU blended mixtures with lipids as 
shown in fig. 8 and table 3, it was clear that 5-FU Tm (280.04 °C) 
peak appeared in all drug-lipid blended mixtures with small changes 
excluding drug-cholesterol and drug-compritol® blended mixtures. 
5-FU peak minor shifted in the drug-cholesterol blended mixture to 
(270.6 °C).  

With cholesterol, as shown in fig. 8(a) and table 3 crystal form was 
changed, leading to the disappearance of endothermic peak of lipid 
and disappearance of melting peak of the drug indicated that drug 
was dispersed inside lipid matrix [41].  

5-FU peak also shifted in the drug-Compritol® blended mixture to 
(238.47 °C) as shown in fig. 8(b) and table 3. Compritol® is partial 
glycerides with 15% monoglycerides and 50% diglycerides. The 
presence of these partial glycerides facilitate emulsification and 
form more rigid surfactant films [42]. Thus, leading to drug 
dispersion inside the matrix lipid and broadening of 5-FU melting 
peak. It was impossible to detect the separated melting peaks for 
compritol because of its complex structure during the heating scans 
due to its polymorphic nature [43]. When 5-FU was added to melted 
lipid, the drug was molecularly dispersed inside this lipid [44, 45] 
leading to the presence of amorphous drug state [44, 46-47]. The 
hydrogen bond may be formed between the fluorine atom of 5-FU 
and the hydroxyl group of cholesterol [48].  

5-FU peak minor shifted in the drug-stearic acid blended mixture to 
(277.65 °C) as shown in fig. 8(c) and table 3 and not changed in 
GMS-blended mixture (280.84 °C) as depicted in fig. 8(d) and table 3.  

Dehydration peaks appeared in the physical mixtures and blended 
mixtures at the range of 53 °C-113 °C may be due to the melting of 
the lipids [19]. The dehydration peak was small and appeared due to 
the lack of water absorption [28]. As for DSC, the heat given off 
during the reaction was called an exothermic reaction, while the 
heat absorbed by the material is called an endothermic reaction. By 
measuring the exothermic and endothermic reactions, it is possible 
to determine all the chemical and physical state changes in the 
sample [28].  

The DSC was conducted to check the moisture content and volatile 
component present in samples [28]. 

XRD has been used for the identification of the crystalline state of 5-
FU and the possible interaction of the drug with four lipids [49, 50]. 
XRD peak depends on crystal size because the crystalline nature of 
the drug was detected at a certain value at the 2θ range [51].  

XRD of 5-FU-cholesterol physical mixture showed peaks at 2θ angle 
of 18.4°, 20.49°, 22.77°, 27.15°, and 30.7° as shown in fig. 9(a) and 
table 4. So; 5-FU was still in its crystalline state  

XRD of 5-FU-comptitol physical mixture showed drug peaks at 2θ 
angle of 18.39°, 20.44°, 22.68°, 27.20° and 30.72° as presented in fig. 
9(b) and table 4. So; the crystalline state of the drug was maintained.  

XRD of the 5-FU-stearic acid physical mixture showed drug peaks at 
2θ angle of 16.43°, 20.7°, 22.87°, 27.10° and 30.88° as depicted in fig. 
9(c) and table 4. So; distinct peaks of the drug were present.  

XRD of 5-FU-GMS physical mixture showed drug peaks at 2θ angle of 
19.25°, 20.86°, 21.98°, 28.74° and 32.28° as shown in fig. 9(d) and 
table 4. So; the crystalline state of the drug was still present.  

5-FU peaks remained distinct in all physical mixtures of the drug 
with four lipids and the crystalline structure of the drug has been 
maintained [52]. Jia et al. confirmed this result when using GMS to 

prepare silybin SLNs at which drug sharp peaks were still present in 
the physical mixture with lipid. In contrast, the degree of 
crystallinity of lipid is decreased when the drug is incorporated in 
SLNs [35].  

the XRD of 5-FU-cholesterol blended mixture showed distinct peaks 
of the drug at 2θ angle of 19.04°,20.7°,21.8°,28.59° and 31.01° as 
shown in fig. 10(a) and table 5, so crystallinity of drug was still 
present.  

In the case of the 5-FU-compritol® blended mixture, numerous 
distinct peaks were disappeared while other peaks appeared in low 
intensities as shown in fig. 10(b) and table 5 indicating that the drug 
was in its amorphous state [44].  

A slight decrease of intensity of peak, which is different from that of 
the pure drug was an indicator that the drug was molecularly 
dispersed inside lipid [51]. A similar finding was reported by 
Eleraky et al., the reduced crystalline structure of the drug was 
observed for temazepam due to drug solubility in the lipid [53].  

The XRD of the 5-FU-stearic acid blended mixture had distinct peaks 
of the drug at 2θ angle of 18.86°, 20.388°, 23.57°, 26.8°, and 30.65° 
as shown in fig. 10(c) and table 5 indicating the crystallinity of drug. 

The XRD of 5-FU-GMS blended mixture showed distinct peaks of the 
drug at 2θ angle of 19.68°, 20.469°, 23.24°, 28.52° and 31.97° as 
shown in fig. 10(d) and table 5 indicating that the crystalline state of 
the drug was maintained. 

FT-IR spectroscopy was used to examine the chemical interaction 
between 5-FU and lipids. It is a non-destructive method and is 
commonly used in the analysis of pharmaceutical powders. Any 
change of characteristic bands of drug or disappearance of these 
bands indicates interactions between drug and excipients [54, 55]. 

FT-IR analysis studies were performed on 5-FU alone, 5-FU-lipid 
physical mixtures (50% w/w), and 5-FU-lipid (50% w/w) blended 
mixtures. 

The FT-IR spectrum of the physical mixture of 5-FU with four lipids 
showed that all characteristic peaks of the drug appeared with 
minor changes in its physical mixture with four lipids as presented 
in fig. 11 and table 6. 

Concerning 5-FU-cholesterol physical mixture as shown in fig. 11(a) 
and table 6, there was a minor shift in the drug principal peaks at 
3101 cm−1,1658 cm−1,1465 cm−1,1442 cm−1,1257 cm−1 and 1338 cm−1 
for N-H stretching, C=O bending, C=C stretching, C-F stretching, C-N 
stretching and pyrimidine bending, respectively. A similar finding 
was confirmed by Katharotiya et al. [56]. 

In the case of the 5-FU-compritol® physical mixture, characteristic 
peaks of the drug at 3136 cm−1, 1640 cm−1 and 1273 cm−1 were also 
present, compritol® peaks at 2922 cm−1, 1707 cm−1, and 1592 cm−1 
were present as shown in fig. 11(b) and table 6 [57]. 

5-FU-stearic acid physical mixture showed characteristic peaks of 
drug with a minor shift at 3120 cm−1,1685 cm−1,1473 cm−1,1431 
cm−1,1246 cm−1 and 1346 cm−1 for N-H stretching, C=O bending, C=C 
stretching, C-F stretching, C-N stretching and pyrimidine bending 
respectively as shown in fig. 11(c) and table 6. 

5-FU-GMS physical mixture showed characteristic peaks of drug 
with a minor shift at 3066 cm−1,1658 cm−1,1473 cm−1,1419 
cm−1,1246 cm−1 and 1381 cm−1 for N-H stretching C=O bending C=C 
stretching, C-F stretching, C-N stretching and pyrimidine bending 
respectively as shown in fig. 11(d) and table 6. A similar result was 
obtained by Patel et al. [2]. 

The FT-IR spectrum of 5-FU blended mixtures with four lipids 
showed no chemical interaction between drug and cholesterol or 
compritol® or GMS as shown in fig. 12 and table 7. 

Characteristic peaks of the drug were minor shifted in 5-FU-
cholesterol blended mixture at 3070 cm−1,1658 cm−1,1465 cm−1,1431 
cm−1,1246 cm−1 and 1350 cm−1 for N-H stretching, C=O bending, C=C 
stretching, C-F stretching, C-N stretching and pyrimidine bending 
respectively as presented in fig. 12(a) and table 7. 
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Characteristic peaks of 5-FU were also present in a drug-compritol® 
blended mixture with a minor shift at 3005 cm−1,1651 cm−1,1408 
cm−1,1438 cm−1,1246 cm−1 and 1315 cm−1 for N-H stretching, C=O 
bending, C=C stretching, C-F stretching, C-N stretching and 
pyrimidine bending respectively as depicted in fig. 12(b) and table 7. 

In the case of stearic acid-drug blended mixture, the N-H peak at 
3136.25 cm-1 is disappeared as shown in fig. 12(c) and table 7. This 
result may be due to the interaction between stearic acid and 5-FU 
which led to the salt formation or formation of amide ester [58]. 

Conjugation of 5-FU with stearic acid resulted in the absence of the 
N-H group, which is present in 5-FU [59] N-H group is shown in 
region 3136 cm-1 [60]. A Similar finding was confirmed by Sauraj et 
al., and a new peak appeared at 1730 cm−1due to the stretching 
frequency of the CO group in the case of lipophilic 5-FU stearic acid 
prodrug [61]. 

The FT-IR spectrum of 5-FU blended mixture with GMS when 
compared to 5-FU alone, as shown in fig. 12(d) and table 7, no 
significant change occurred for characteristic bands of the drug, 
especially for C=O band and N-H band. This result is confirmed by 
Patel et al. [2]. 

Finally, GMS does not affect the physicochemical properties of the 
drug, whether in a physical mixture or a blended mixture and it is 
compatible with the drug.  

Shenoy et al. found that the partition coefficient of 5-FU in cetyl 
palmitate then GMS was the highest among various lipids [62]. GMS 
is of more than 12-carbons chain length; fatty acid chains present in 
the lipids can improve uptake of SLNs by lymphatic transport. The 
SLNs are taken up through the gastrointestinal tract and transported 
via intestinal lymph directly into the systemic circulation, thus 
bypassing the liver first-pass metabolism [63]. 

 

Table 2: DSC results of 5-FU-lipid physical mixtures 

Significant DSC values of ( °C) 
Sample Tm 
 Pure 5-FU 280.04 
(A) 5-FU-cholesterol 278.43 
(B) 5-FU-compritol® 280.87 
(C) 5-FU-stearic acid 280.63 
(D) 5-FU-GMS 283.85 

 

 

Fig. 7: DSC of (A) 5-FU-cholesterol physical mixture; (B) 5-FU-compritol® physical mixture; (C) 5-FU-stearic acid physical mixture; (D) 5-
FU-GMS physical mixture 

 

 

Fig. 8: DSC of (A) 5-FU-cholesterol blended mixture; (B) 5-FU-compritol® blended mixture; (C) 5-FU-stearic acid blended mixture; (D) 5-
FU-GMS blended mixture 
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Table 3: DSC results of 5-FU-lipid blended mixtures 

Significant DSC values of (°C) 
 Sample Tm 
 Pure 5-FU 280.04 
(A) 5-FU-cholesterol 270.61 
(B) 5-FU-compritol® 238.47 
(C) 5-FU-stearic acid 277.65 
(D) 5-FU-GMS 280.84 

 

 

Fig. 9: XRD of (A) 5-FU-cholesterol physical mixture; (B) 5-FU-compritol® physical mixture; (C) 5-FU-stearic acid physical mixture; (D) 5-
FU-GMS physical mixture 

 

Table 4: XRD results of 5-FU-lipid physical mixtures 

Significant 2θ ° diffraction angle of 
 Pure 5-FU 18.5 20.5 22.8 27.12 30.8 
(A) 5-FU-cholesterol 18.4 20.49 22.77 27.15 30.7 
(B) 5-FU-compritol® 18.39 20.44 22.68 27.20 30.72 
(C) 5-FU-stearic acid 16.43 20.70 22.87 27.10 30.88 
(D) 5-FU-GMS 19.25 20.86 21.98 28.74 32.28 

 

 

Fig. 10: XRD of (A) 5-FU-cholesterol blended mixture; (B) 5-FU-compritol® blended mixture; (C) 5-FU-stearic acid blended mixture; (D) 5-
FU-GMS blended mixture 
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Table 5: XRD results of 5-FU-lipid blended mixtures 

Significant °2θ diffraction angle of:  
 Pure 5-FU 18.5 20.5 22.8 27.12 30.8 
(A) 5-FU-cholesterol 19.04 20.7 21.8 28.59 31.01 
(B) 5-FU-compritol® 18.55 …. …. 28.31 …… 
(C) 5-FU-stearic acid 18.86 20.388 23.57 26.8 30.65 
(D) 5-FU-GMS 19.68 20.469 23.24 28.52 31.97 

 

 

Fig. 11: FTIR spectra of: (A) 5-FU-cholesterol physical mixture; (B) 5-FU-compritol® physical mixture; (C) 5-FU-stearic acid physical 
mixture; (D) 5-FU-GMS physical mixture 

 

Table 6: FTIR bands of 5-FUand its lipid physical mixtures (cm-1) 

  lipid-5-FU physical mixture 5-FU Assignment Main function groups 
With GMS With stearic acid With compritol® With cholesterol    
3066.82 cm-1 3120.82 cm-1 3174.83 cm-1 3101.54 cm-1 3136.25 cm-1 N-H stretching N-H 
1658.078 cm-1 1685.79 cm-1 1647.21 cm-1 1658.78 cm-1 1658.78 cm-1 C=O bending C=O 
1473.062 cm-1 1473.62 cm-1 1465.90 cm-1 1465.9 cm-1 1500.62 cm-1 C=C stretching C=C  
1419.61 cm-1 1431.18 cm-1 1415.75 cm-1 1442.75 cm-1 1431.18 cm-1 C-F stretching C-F 
1246.02 cm-1 1246.02 cm-1 1172.72 cm-1 1257.59 cm-1 1246.02 cm-1 C-N stretching C-N 
1381.03 cm-1 1346.31 cm-1 1338.6 cm-1 1338.60 cm-1 1350.17 cm-1 pyrimidine 

bending 
Pyrimidine group 

 

 

Fig. 12: FTIR spectra of: (A) 5-FU-cholesterol blended mixture; (B) 5-FU-compritol® blended mixture (C) 5-FU-stearic acid blended 
mixture (D) 5-FU-GMS blended mixture 
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Table 7: FTIR bands of 5-FU and its lipid blends (cm-1) 

  lipid-5-FU blended mixtures 5-FU Assignment Main function groups 
With GMS With stearic acid With compritol® With cholesterol    
3008.95 cm-1 ………. 3005.10 cm-1 3070.60 cm-1 3136.25 cm-1 N-H stretching N-H 
1654.92 cm-1 1651.07 cm-1 1651.07 cm-1 1658.78 cm-1 1658.78 cm-1 C=O bending C=O 
1546.91 cm-1 1438.90 cm-1 1408.04 cm-1 1465.90 cm-1 1500.62 cm-1 C=C stretching C=C  
1438.90 cm-1 1408.04 cm-1 1438.90 cm-1 1431.18 cm-1 1431.18 cm-1 C-F stretching C-F 
1246.02 cm-1 1246.02 cm-1 1246.02 cm-1 1246.02 cm-1 1246.02 cm-1 C-N stretching C-N 
1315.45 cm-1 1346.31 cm-1 1315.45 cm-1 1350.17 cm-1 1350.17 cm-1 pyrimidine bending Pyrimidine group 

 

CONCLUSION 

The compatibility study of 5-FU with different four lipids 
(cholesterol, compritol®, stearic acid, GMS) was investigated by DSC 
analysis, XRD patterns, and FTIR. GMS and cholesterol were the 
most appropriate lipids with 5-FU. 

DSC result showed that 5-FU peak (Tm) (280 °C) was present in all 
physical mixtures and blended mixtures with the mentioned lipids 
except drug-compritol® blended mixture.  

XRD results showed that 5-FU crystalline state was still found in all 
physical mixtures and blended mixtures with lipids except drug-
compritol® blended mixture. 

FTIR spectrum of physical mixtures and blended mixtures of 5-FU 
with mentioned lipids showed that all characteristic peaks of the drug 
appeared with minor changes in position, thus showing no significant 
physicochemical interaction. 5-FU-stearic acid blended mixture 
showed the absence of N-H peak of the drug at 3136.25 cm-1.  
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