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ABSTRACT:  
Piperine, a secondary metabolite of Piper nigrum L., has been known for its pharmacological activities. 

However, the use of piperine is still limited due to the low solubility in water. The aim of this study was to 

improve the physicochemical properties of piperine by preparing into multicomponent crystal (MC) using 

saccharin by solvent evaporation method, and ethanol was used as the solvent. The intact materials and MC were 

characterized by several solid-state instruments. The amount of dissolved piperine was determined by High 

Performance of Liquid Chromatography (HPLC) using acetonitrile: water (90:10) as the mobile phase. Both 

morphology of intact piperine and MC showed irregular crystals. The diffractogram showed that MC had new 

and specific peaks at 2Ɵ: 12.91, 15.04, 19.54 and 22.40. The thermogram presented melting point for intact 

piperine, saccharin and MC which were 132.81°C, 230.02°C, 197.09°C, respectively. The infra-red spectrum 

showed no significant shift of MC which indicated no chemical interaction between piperine and saccharin. The 

dissolution study pointed higher amount of piperine dissolved in 0.1 N HCl with addition of 0.5% sodium lauryl 

sulphate. The dissolution piperine in MC after 60 minutes was 81.29±5.91%, while intact piperine was 

44.78±1.89%. In conclusion, the formation of multicomponent crystal of piperine-saccharin was able to increase 

the dissolution of piperine. 
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INTRODUCTION:  
Pepper or Piper nigrum L., known as "the King of 

Spices", is a family plant Piperaceae which grows in the 

tropic land that has sufficient rainfall throughout the year 

and one of the spices that is very important in world 

trade in the past, present and future. Indonesia is one of 

the largest pepper producers in Sumatera island, 

particularly Lampung and Bangka Island1. Pepper 

contains volatile oil about 0.4 - 7%, which contributes to 

the aroma and spicy taste of pepper. The most active 

compound in pepper is piperine which is about 2 - 9% 

from pepper plants2,3. Ethnopharmacologically, pepper 

has been used by Chinese and Indian people to overcome 

various kinds of diseases; pain, fever, influenza, 

migraine headaches, increase appetite and facilitate 

blood flow4–7.  
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In addition, piperine has also been used scientifically to 

enhance the bioavailability of drugs8,9. However, 

piperine belongs class II based on Biopharmaceutical 

Classification System (BCS) due to the low solubility in 

water10. 

 

Previous studies have reported some modification and 

improvement in physicochemical properties and 

pharmacological activity of piperine. The formation of a 

piperine inclusion complex with beta cyclodextrin11, 

formation of piperine solid lipid nanoparticles with 

polysorbate-80 polymers12, transdermal delivery systems 

of piperine preparations13, formation of piperine 

nanoparticles with PEGylated-poly (lactic-co-glycolate 

acid) (PLGA)14, piperine liposome formulation15 and the 

manufacture of a solid dispersion system using the hot 

melt extrusion technique with several polymers16 have 

been reported to increase the solubility and dissolution 

rate of piperine. One of attractive techniques to modify 

the solid-state properties in order to enhance solubility 

and dissolution rate is formation of multicomponent 

crystal17. Multicomponent crystal of pharmaceutical 
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materials consists of co-crystal, salt, hydrate and solvate 
18. Modification of physicochemical properties of active 

pharmaceutical ingredient (API) via crystal engineering 

becomes a popular approach due to the ability to 

improve solubility, dissolution rate, compressibility, 

physical and chemical stability and pharmacological 

effectiveness19–23. 
 

In this study, piperine was modified to form a 

multicomponent crystal using saccharin in order to 

increase the dissolution rate. The formation of 

multicomponent was characterized using foremost solid 

state instruments including scanning electron 

microscopy (SEM), powder X-ray diffraction, 

differential scanning calorimetry (DSC) and Fourier 

Transform Infra-red (FT IR) spectroscopy. The amount 

of piperine was determined by High Performance Liquid 

Chromatography (HPLC) apparatus.   
 

 

 
(a) (b) 

   
Figure 1. Molecular structure of (a) Piperine, (b) Saccharin 

 

MATERIAL AND METHODS: 
Materials: 

Piper nigrum L. (identified at Department of Biology, 

Andalas Univeristy), saccharin (Merck, Germany), 

ethanol p.a EMSURE® (Merck, Germany), KOH and 

HCl (Merck, Germany), ethyl acetate (Merck, Germany), 

Natrium Lauryl Sulphate (Merck, Germany). 
 

Methods: 

Isolation of piperine: 

The isolation of piperine from Piper nigrum L. was done 

by soxhletation method. About 300 g Piper nigrum L. 

was added to 900 ml of methanol in a Soxhlet extractor 

for approximately 6 hours. The soxhlet extract was then 

evaporated using a rotary evaporator (Buchi, Germany) 

until one of third solvent remained. The sample was then 

added to 10% KOH and kept for 24 hours to induce the 

crystal formation. The yellow crystal was then filtered 

and recrystallized using ethyl acetate. The piperine 

crystal was then kept in a desiccator. 

 

Preparation of multicomponent crystal (MC): 

The equimolar amount of piperine and saccharin (1:1) 

was dissolved in ethanol and stirred using magnetic 

stirrer. The solution was then evaporated at room 

temperature for about 72 hours and the crystal was then 

kept in a desiccator for characterization. 

 

 

 

Scanning Electron Microscopy (SEM) analysis:  

The morphology of intact piperine, intact saccharin and 

the multicomponent crystal was analyzed using a SEM 

device (HITACHI type S-3400N, Japan) by placing a 

small amount of sample on the sample holder. Prior to 

analyze procedure, the SEM device was set as follow: 

current 12 mA and voltage 10 kV.  

 

Powder X-ray Diffraction (PXRD) analysis: 

The PXRD analysis for each sample was conducted 

using a PANanalytical PW 30/40 X-ray diffractometer 

(Rigaku, the Netherlands). The diffractometer was set 

using Kα filter, voltage 45 kV, current 40 mA and target 

metal Cu. The analysis was recorded 2Ɵ from 5° to 50°. 

 

Differential Scanning Calorimetry (DSC) analysis: 

Approximately 5 mg of each sample was put in an 

aluminum pan for thermal analysis using a differential 

scanning calorimetry apparatus (SETARAM Type EVO-

131, France) that has been calibrated using Indium prior 

to measurement. The DSC instrument was set from 40 to 

250°C and the heat flow 10 °C/minute.   

 

Fourier Transform Infra-Red (FT IR) analysis: 

The FTIR spectra of each sample was generated by a 

spectrophotometer (Perkin Elmer FT-IR, the USA). The 

sample was mixed potassium bromide in weight ratio of 

1:100. Then, the mixture was compressed into the pellet. 

The absorption of samples was recorded at wavenumber 

4000 – 600 cm-1.  

 

Dissolution study: 

Dissolution profiles of intact piperine and 

multicomponent crystal were determined by a 

dissolution tester (Copley Scientific NE4-COPD, UK) 

using paddle type 2. Dissolution apparatus was set at 50 

rpm speed, 37 ± 0.5°C temperature in medium of 900 ml 

0.1N HCl with addition of 0.5% Sodium Lauryl Sulfate. 

The solution was sampled at 5, 10, 15, 30, 45 and 60 

minutes. The amount of piperine dissolved was 

measured using HPLC (Hitachi, Japan) using 

acetonitrile: water (90: 10) as mobile phase at  340.2 

nm.  

 

RESULTS AND DISCUSSION: 
Scanning Electron Microscopy (SEM) analysis: 

Piperine is a major secondary metabolite which is 

produced by Piperaceae family including Piper nigrum 

L. In this study, piperine crystal which was isolated from 

Piper nigrum L. shows rod crystal as seen in Figure 2a. 

In addition, saccharin as the co-former depicts irregular 

crystal (see Fig. 2b). Multicomponent crystal which 

prepared by solvent evaporation shows polyhedral shape, 

as shown in Fig. 2c. 
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Figure 2. Photomicrograph of (a) Piperine, (b) Saccharin, (c) 

Multicomponent crystal. 

 

Powder X-ray diffraction analysis: 

PXRD analysis is one of the reliable methods to 

determine the crystalline phase of a solid material, the 

degree of crystallinity and phase transition. Solid state 

interaction between two solid drug compounds, which 

includes the formation of multicomponent crystalline 

phases, amorphization, solid solutions and highly 

suitable eutectic mixtures is characterized by the PXRD 

technique. If the solid-state interaction results in a 

change in the PXRD pattern, this indicates a new 

multicomponent crystal phase is formed24,25. 
 

The PXRD result piperine, saccharine and 

multicomponent crystal patterns are presented in Figure 

3. The piperine and saccharin diffractogram pattern 

shows a solid phase with a high degree of crystallinity 

with a typical peak. The pattern of multicomponent 

crystal piperine-saccharin shows a unique pattern, which 

is indicated by new peak 2Ɵ at 12.91, 15.04, 19.54 and 

22.40. 

 

 
Figure 3. The diffractogram of (a) Piperine, (b) Saccharin and (c) 

Multicomponent crystal. 

Differential Scanning Calorimetry (DSC) analysis: 

The DSC thermal analysis was applied to characterize 

the solid phase thermodynamic properties. Thermal 

analysis is also often used routinely to screen for 

multicomponent crystal phase formation22. Piperine 

shows a sharp endothermic peak at 132.8°C, which is the 

melting point of piperine. The DSC thermogram of 

saccharin shows also one endothermic peak, at 230.02°C 

respectively. MC has two endothermic peaks at 110.56 

°C and 197.09°C which differ from the two forming 

components. The endothermic peak at 110.56°C was 

likely due to the dehydration process of water molecules 

(hydrate). While the endothermic peak at 197.09°C is the 

melting point of the crystalline phase of the 

multicomponent piperine - saccharin, as seen in Figure 4. 
 

 
Figure 4. Thermogram of (a) Piperine, (b) Saccharin and (c) 

Multicomponent crystal. 
 

Fourier Transform Infra-red (FT-IR) spectroscopy 

analysis: 

FT-IR spectroscopy analysis is useful for investigation 

of intermolecular interactions between two solid 

components. The presence of transmission band shifts in 

the FT-IR spectrum can be used to explain the formation 

of interactions between the two solid components (salt or 

co-crystal). Spectra of piperine, saccharin and 

multicomponent crystal were shown in Figure 5. The 

FT-IR spectra of multicomponent crystal described band 

change into stronger and broader at 3084.34; 2935.93; 

2695.55; 1715.08 and 1440.36 cm-1, respectively. This 

was estimated due to hydrogen donor (N–H) and 

acceptors (S=O and C=O) from saccharin bound with 

C=O and C-H from piperine. Furthermore, this bond is 

thought to be interaction between N–H.O=C and C–

H.O=S, as described in interaction of saccharin with 

heterocyclic amines26. 
 

Intermolecular interactions between piperine and 

saccharin can be predicted based on the pKa rule. Salt 

type of multicomponent crystal formation is possible 

because of differences in pKa between piperine and 

saccharin. Piperine is a weak base with pKa = 13.227, 

while saccharin is weak acid with pKa = 1.628. If pKa 
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differences between the two components is greater than 

3, it allows the formation of salt type multicomponent 

crystal. Saccharin molecules act as donors of protons in 

intra-molecular interactions21,29–31. 
 

 
Figure 5. Infra-red spectrum of (a) Piperine, (b) Saccharin and (c) 

Multicomponent crystal. 

 

Dissolution test: 

Dissolution rate is an important part in developing good 

quality of solid dosage form 32. In this study, we 

prepared and characterized multicomponent crystal of 

piperine-saccharin phase to in order to be able to 

increase the dissolution. The dissolution profile of 

piperine and multicomponent crystal is shown in Figure 

6. As can be seen in Fig. 6, the amount of piperine 

dissolved in multicomponent crystal was greater 

compared to intact piperine. This enhancement was 

likely due to several factors. Firstly, the multicomponent 

crystal which likely to form salt type has higher affinity 

in water that would easily dissociate into anion and 

cation. Moreover, the decrease of crystallinity in 

multicomponent crystal contributed to less 

intermolecular interaction in crystal lattice. The lower 

interaction molecular in crystal lattice, the lower energy 

of the crystal, thus the amount of enthalpy decreased as 

the lower melting point. This result was also shown in 

other studies 33–37. 
 

 
Figure 6. Dissolution profile of piperine and multicomponent 

crystal (MC).  

CONCLUSION:   

This study presented a multicomponent crystal of piperin 

and saccharin which had been prepared by solvent 

evaporation method. Based on psychochemical 

characterization, piperine-saccharin has successfully 

formed into salt-type multicomponent crystal. The 

multicomponent crystal showed the enhancement in 

dissolution rate which almost two times compared to 

intact piperine. 
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