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Abstract 

      The aim of this research was to study the effect of pressure (5-24 MPa) and 
temperature (308-328 K) on the precipitation of andrographolide from Andrographis 
paniculata extracts. Andrographolide was precipitated using ethanol and compressed CO2 as 
the so-called anti-solvent at a constant CO2 flow rate of 1 g/min. The efficiency of two 
precipitation methods; Supercritical Anti-Solvent (SAS) process and evaporation process were 
compared. For the SAS process, the crystal particles were obtained as column-like and slice-
like depending on the operating conditions. The mean diameters were found to be in the range 
of 5.36–34.01 µm. Small particles with narrow size distributions were obtained at the high 
pressure and low temperature. Moreover, high performance liquid chromatography (HPLC) 
also indicated that the SAS process demonstrated a high yield and high degree of purity. On 
the other hand, the precipitates obtained from subcritical anti-solvent and evaporation process 
were amorphous particles and high impurities. The SAS process was found to be the 
successful precipitation method for andrographolide precipitation from A.paniculata extracts 
because of uniform crystal, small particle size, narrow size distribution, high precipitation 
yield and selective precipitation. 
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1. Introduction 
 Micronization, particle shape and 
size distribution of drug are necessary for 
controlling drug release such as decreasing 
the required dosage of drug, increasing the 
bioavailability of drug in the body [1]. The 
conventional micronization technique of the 

pharmaceutical industry has some draw-
backs such as large size distribution, high 
temperature, impurities in final product and 
environmental pollution. In recent years, 
micronization process using Supercritical 
Anti-Solvent (SAS) has been widely used in 
several segments such as pharmaceuticals, 
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food, polymer, catalyst materials, pigment 
powder, surface coating, and supercon-
ductor precursors [2, 3, 4, 5].  The SAS 
process can be used to modify the 
morphology, crystalline structure, size, and 
size distribution of particles, through the 
control of operating parameters such as 
pressure, temperature, flow rate, critical 
concentration of solution and solvent type, 
and can produce pure products with no 
residue solvent [6, 7].  
 In the SAS process, solute is 
dissolved in a liquid organic solvent, and 
then precipitated by addition of a 
supercritical anti-solvent that has a low 
affinity for the solute and a high affinity for 
the organic solvent. This method of particle 
formation is based on two mechanisms that 
take place simultaneously; the supercritical 
fluid penetrates into the droplets and 
organic solvent evaporates on supercritical 
fluid. Fast supersaturation is generated by 
both mass transfer processes so that the 
precipitation results in micro or nano 
particles [8, 9].  
 Andrographolide is the main 
substance in leaves of A.paniculata. It has 
been reported to have excellent anti-inflam-
matory, anti-bacterial, anti-viral effects 
[10], anti-platelet aggregation, hepatopro-
tective [5], anti-cancer activity against 
human leukemia HL-60 cells and other 
cancer cells [5, 11], help against fever, sore 
throat, and be a new way for treating HIV 
[12]. The chemical structure of 
andrographolide is shown in Fig. 1.  

 

Fig.1 The chemical structure of andro-
grapholide 

 The aim of this research was to 
evaluate the influence of pressure and 
temperature on particle characteristics 
(morphology, crystalline structure, size and 
size distribution), and to compare the 
precipitation efficiency of supercritical anti-
solvent and evaporation processes. 
 
2. Experimental 
2.1 Preparing solution 
 A.paniculata powder was extracted 
with ethanol in a volume ratio of 1 : 2 at a 
rotating speed of 200 rpm and temperature 
of 308 K for 2 h. The initial concentration 
of andrographolide in the extract was 
analyzed using High Performance Liquid 
Chromatography (HPLC). Andrographolide 
in the extracts was precipitated by both 
Supercritical Anti-Solvent (SAS) process 
and evaporation process as described below.  
2.2 Andrographolide precipitation using 
SAS process 
 The SAS apparatus is shown in Fig. 
2. The bottom of the crystallization vessel 
was equipped with a filter for collecting the 
precipitates. At the beginning of the 
experiment, the CO2 was compressed by 
hydraulic pump before being induced into 
the crystallization vessel. The CO2 was 
allowed to flow through the system for 15 
min for steady state. Next, the A.paniculata 
extract was sprayed co-currently with CO2 
through the capillary nozzle for 2 h 30 min. 
Valve 4 was then closed and pure CO2 was 
allowed to flow through the system to 
remove the solvent and dry precipitated 
particles for 4 h. The particles were 
collected and analyzed. The operating 
conditions were pressure range of 5–24 
MPa, temperature range of 308-328 K and 
constant CO2 flow rate and solution flow 
rate of 1 g/min and 0.13 mL/min, 
respectively.  
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Fig.2 A Schematic diagram of supercritical 
anti-solvent apparatus. (A) CO2 cylinder, 
(B) booster pump, (C) solution storage, (D) 
crystallization vessel, (E) trapped solvent or 
liquid effluent, (HYD) hydraulic pump, 
(V1, V2, V4, V5) needle valve, (V3) ball 
valve, (P1, P2) pressure gauge, (TC) 
temperature control. 
2.3 Andrographolide precipitation using 
evaporation process 
 A 200 mL A.paniculata extract was 
heated at a constant temperature of 353 K 
for 2 h. The precipitates were analyzed to 
determine the particle characteristics. 
2.4 Particle analysis 
 The morphology of precipitates was 
analyzed using a Scanning Electron Micro-
scope (SEM) model LEO, 1455VP. The 
mean particle size and size distribution were 
measured with Image-Pro Plus software. 
The particles were analyzed with an X-ray 
diffraction (XRD), model BRUKER, 
D8DISCOVER to determine the effect of 
SAS process parameters on the crystalline 
structure. The crystal of andrographolide 
can be observed from the peaks at 2θ = 10°, 
12°, 15° and 16° [5]. 
 
3. Results and Discussions 
 The initial concentration of andro-
rapholide in A.paniculata extract was found 
to be 3.007 g/L. It is enough for 

precipitating using SAS process. In this 
research, the effects of temperature and 
pressure on particle size, size distribution 
and morphology of particles were studied. 
An overview of the results is given in Table 
1. 
 
Table 1 Summary of experimental pre-
formed 

Run P 
(MPa) 

T 
(K) 

Morphology Mean 
particle size 
(µm) 

1 
2 
3 
4 
5 
6 

5 
10 
10 
10 
17 
24 

308 
308 
318 
328 
308 
308 

amorphous 
slice-like 
slice-like 
amorphous 
slice-like 
column-like 

1.05 
10.51 
33.33 
6.67 
8.23 
5.36 

7 evaporati on amorphous 110.44 

 
3.1 Effect of pressure 
 Precipitation using SAS process 
was carried out at a constant temperature of 
308 K, CO2 flow rate of 1 g/min and a 
pressure varying from 5 to 24 MPa. Fig. 3 
shows that the particles obtained at 5 MPa 
were amorphous particles, because the XRD 
pattern shows a broad peak. On the other 
hand, the particles obtained at 10-24 MPa 
were andrographolide crystal, because their 
four peaks of XRD patterns are sharp and 
match with the XRD pattern of 
andrographolide. 
  Fig. 4 shows SEM micrographs of 
the precipitated particles. These results 
confirm the results from XRD patterns that 
the particles obtained at 5 MPa seem not to 
have a fixed shape or amorphous particles 
as can be seen in Fig. 4a. Operation was 
under subcritical conditions, which was lean 
in CO2, so ethanol was not completely 
miscible with CO2 leading to amorphous 
particle formation [13]. Whereas, andro-
grapholide crystals which were slice-like 
and column-like were obtained at pressures 
of 10-17 and 24 MPa respectively, as can be 
seen in Fig. 4b-4d. The pressure range of 10 
to 24 MPa with temperature of 308 K 
produced a supercritical condition. The CO2 
completely miscible with ethanol led to 
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high supersaturation, fast nucleation rate 
and crystal growth rate resulting in crystal 
particle formation. Moreover, the influence 
of pressure also resulted in a difference of 
morphology, but the change of morphology 
did not relate with polymorphs, because 
column-like and slice-like exhibited similar 
XRD patterns as can be seen in Fig. 3b-3d. 
Therefore the change of morphology 
depends on the relative growth of a specific 
face, for example, column-like has an 
elongated growth in the vertical direction 
whereas slice-like has a growth in the 
horizontal direction [9]. 

 
Fig.3 XRD patterns of andrographolide in 
the precipitated particles under SAS process 
at constant temperature of 308 K and 
various pressures; (a) 5 MPa; (b) 10 MPa; 
(c) 17 MPa and (d) 24 MPa.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 The SEM micrographs of the 
precipitated particles at constant tempera-
ture of 308 K and various pressures; (a) 5 

MPa; (b) 10 MPa; (c) 17 MPa and (d) 24 
MPa. 
  
 The mean particle size under 
supercritical condition decreased with 
increasing pressure, being 10.51 µm at 10 
MPa, 8.23 µm at 17 MPa and 5.36 µm at 24 
MPa. The narrower size distribution 
obtained at the higher pressure can be seen 
in Fig. 5. The main effect of changing the 
operating pressure was to change the 
density of the supercritical CO2. At high 
pressure, the CO2 density was higher; hence 
the solubility of CO2 in the ethanol also 
increased resulting in the short average 
lifetime of a droplet, high mass transfer rate, 
high supersaturation, fast nucleation rates 
and fast crystal growth rate. These then led 
to smaller particle size and narrower size 
distribution [14].    

 
Fig.5 The size distribution of the 
precipitated particles under SAS process at 
constant temperature of 308 K and various 
pressures; (      ) 10 MPa; (     ) 17 MPa and 
(     ) 24 MPa. 
 
3.2 Effect of temperature 
 The effect of temperature on the 
precipitation was studied at constant 
pressure of 10 MPa, using CO2 flow rate of 
1 g/min, and a temperature varying from 
308 to 328 K. Fig. 6 shows that the particles 
obtained at 308 K and 318 K were 
andrographolide crystal. Whereas, the 
particles obtained at 328 K were amorphous 
particles because the XRD pattern shows a 
broad peak.  
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 Slice-like particles were obtained at 
temperatures of 308 K and 318 K, while 
amorphous particles were obtained at 328 K 
as can be seen in Fig. 7a-7c. 10 MPa, 308 K 
and 10 MPa, 318 K are at supercritical 
conditions which have enough CO2 in 
droplets for dissolving ethanol, so CO2 is 
completely miscible with ethanol. This 
caused high supersaturation, fast nucleation 
rate, fast crystal growth rate leading to 
crystal formation. On the other hand, the 
particles obtained at 10 MPa, 328 K were 
amorphous particles since the operating 
point was below subcritical condition. 
Therefore, only a small amount of CO2 
dissolved in ethanol leading to low 
supersaturation and amorphous particle 
formation. 
 

 
Fig.6 XRD patterns of andrographolide in 
the precipitated particles under SAS process 
at constant pressure of 10 MPa and various 
temperatures; (a) 308 K; (b) 318 K and (c) 
328 K. 
 
 
 
 
 
 
 
 
     
 
 
 
 
Fig.7 The SEM micrographs of the pre-
cipitated particles at constant pressure of 10 

MPa and various temperatures; (a) 308 K; 
(b) 318 K and (c) 328 K.  
 
 The mean particle size increased 
with increasing temperature under super-
critical condition, being 10.51 µm at 10 
MPa, 308 K and 33.33 µm at 10 MPa, 318 
K. Moreover, a narrower size distribution 
was obtained at the lower temperature as 
can be seen in Fig. 8. When the temperature 
increases, the solubility of andrographolide 
in the ethanol increases. Therefore, the 
supersaturation is attained slower. As a 
result, the particle size increases [15].  
 

 
 
Fig.8 The size distribution of the pre-
cipitated particles under SAS process at 
constant pressure of 10 MPa and various 
temperatures; (     ) 308 K and (     ) 318 K. 
 
3.3 Comparison between SAS and evapo-
ration processes  
 Fig. 9 shows the precipitated 
particles obtained in the evaporation process 
and its XRD pattern. The results show that 
the particles obtained in the evaporation 
process were amorphous particles. More-
over the XRD pattern of evaporated 
particles also show crystal structure of 
potassium compounds (2θ = 28°, 40° and 
50°) but the XRD patterns of SAS 
precipitated particles have none. Therefore 
the SAS process is selective precipitation. 
SAS is more suitable than evaporation 
process because it can produce small crystal 
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particles, narrow size distribution and can 
control particle size, size distribution and 
crystal structure by controlling operating 
conditions whereas evaporation process can 
not.  
 
 
 
 
 
 
 
 

 
 
 
 
Fig.9 (a) The SEM micrographs of the 
precipitated particles and (b) XRD pattern 
of andrographolide in the precipitated 
particles from the evaporation process at 
353 K. 
 
4. Conclusion 
      The results indicated that the 
precipitation of andrographolide from 
A.paniculata extract was successfully 
performed using SAS process. The SAS 
process can produce uniform crystals of 
andrographolide, small particle size and 
narrow size distribution. The precipitation 
pressure and temperature were the most 
important variables that affected the 
precipitation process. The particle size 
decreased with increasing pressure in the 
range of 10–24 MPa and decreasing 
temperature in the range of 308–318 K 
under SAS process. On the other hand, the 
subcritical anti-solvent process (5 MPa, 308 
K and 10 MPa 328 K) and evaporation 
process led to amorphous andrographolide 
particle formation.  
 Based on a comparison of the two 
precipitation methods (SAS process and 
evaporation process) it was concluded that 
the SAS process is more suitable for 
andrographolide precipitation from A.pani-

culata extract. Precipitation using the SAS 
process results in crystal particles, small 
particle size, narrow size distribution, high 
purity, and selective precipitation. 
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