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Introduction

Many of the alkaloids used as drugs today are from natu-

ral sources. These drugs have been modified to produce

analogs for clinical use. One of these alkaloids, pilocarpine,

is an imidazole alkaloid found in plants of the genus Pilocar-

pus (Fig. 1). Plants of this genus are designated by the

name jaborandi but only Pilocarpus microphyllus, which

accumulates the highest pilocarpine content, is considered

as true jaborandi [17, 22]. Jaborandi growing as a shrub is

found in the understory of the pre Amazonian rain forest

and occurs more intensively in the state of Maranhão [18,

22]. Pilocarpine has important pharmaceutical properties. It

is used to reduce the intraocular pressure in the treatment

of glaucoma [14], as a stimulant of salivation and perspira-

tion, and recently has been prescribed for the treatment of

xerostomia, which a symptom refers abnormal dryness of

the mouth due to the reduction of saliva production [5]. In

spite of the importance of the plant and the pharmacologi-

cal activity of pilocarpine, only a few reports have been pub-

lished for this alkaloid in Pilocarpus [2, 3]. Jaborandi leaves

are the only known source of pilocarpine, an imidazole

alkaloid probably derived from histidine [6].

Several solvent-based extraction protocols for pilocarpine

have been reported. Unfortunately, these methods often

suffers from low extraction yields, long extraction times and

potential existence of trace organic solvent in final products

which decrease the product quality [25]. Several super-

critical fluid and organic solvent-based extraction protocols

to extract pilocarpine and other alkaloids have been

reported [3, 19]. However, the use of organic solvents for
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Fig. 1. Chemical structure of pilocarpine and its analogue
pilosine.
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the recovery of natural products has several drawbacks,

including safety hazards, high energy input, low product

quality, environmental risk and toxicological effects [21].

Enzyme-based extraction of bioactive compounds from

plants is a potential alternative to conventional solvent-

based extraction methods. Enzymes are ideal catalysts to

assist in the extraction, modification or synthesis of com-

plex bioactive compounds of natural origin. Enzyme-based

extraction is based on the inherent ability of enzymes to

catalyze reactions with exquisite specificity, regioselectivity

and an ability to function under mild processing conditions

in aqueous solutions [9]. Thus, enzymes can degrade or

disrupt cell walls and membranes efficiently enabling better

release and extraction of bioactives [16]. This method also

offers the possibility of greener chemistry as pressure

mounts on the food industry and even pharmaceutical com-

panies to identify cleaner routes for the extraction of new

compounds [13].

Based on increase attention of enzyme-assisted extrac-

tion methods for their efficiency in extraction and eco-

friendly aspect, we have designed and optimized extraction

procedure for pilocarpine from P. jaborandi using Viscozyme®

L as a catalytic enzyme. Viscozyme® L is a multi-enzyme

complex containing a wide range of carbohydrases,

including arabanase, cellulase, β-glucanase, hemicellulase,

and xylanase which can effectively break cell wall in plants.

In this study, variables such as substrate concentration,

reaction conditions (temperature, pH and reaction time)

were optimized to obtain highest quantity of pilocarpine. To

our knowledge, this is the first report utilizing enzyme as an

alternative to acid-base method to extract the pilocarpine.

Materials and Methods

Materials, chemicals and instruments

P. jaborandi was imported from Brazil, South American.

Viscozyme® L (KTN02118, Novozyme, Denmark), which

contains a range of carbohydrases consisting of araban-

ase, β-glucanase, cellulase, hemicellulase and xylanase,

was used in enzymatic hydrolysis. Pilocarpine standard

and other chemical were obtained from Sigma Co (St.

Louis, MO). All organic solvents and other chemicals were

at the analytical grade from SK Korea Co. (Korea), except

for high performance liquid chromatography (HPLC) grade

(J.T Baker. USA). HPLC (LC-10A, Shimadzu, Co., Kyoto,

Japan) associated with UV-visible detector (SPD-10A, Shi-

madzu, Co., Kyoto, Japan) were used for the determination

of pilocarpine in P. jaborandi.

Viscozyme® L aided pilocarpine extraction from P.

jaborandi

Twenty grams Pilocarpus leaves were grinded to make

powder form. For the enzyme-aided hydrolysis reaction,

100 mg of leaves powder was taken and suspended in 40

ml of acetate buffer with different pH ranging from 3 to 6

while keeping all other variables including temperature,

time (10 h) and enzyme concentration (1%). Once the opti-

mum pH showing the highest yield of pilocarpine was deter-

mined, the other parameters were tested at the optimum

pH. The next parameter tested was temperature, where

temperature was the only variant from room temperature to

50oC while other variable were kept constant. Similarly,

next variable tested was a time for extraction. Reaction was

performed for various durations from 10 to 40 h to deter-

mine the time for maximum extraction yield. Once all the

physical parameters for extraction were optimized, the final

variable, enzyme concentration was determined. Different

volume (ml) of Viscozyme® L solution was added to make

final concentration of enzyme ranging from 1% to 12.5% (v/

v). Once the reaction was complete, the residue was fil-

tered. The solution containing pilocarpine was basified by

3 M sodium carbonate and extracted with chloroform. The

chloroform was evaporated in speed vac. Extracted pilo-

carpine was dissolved in methanol and analyzed by HPLC.

HPLC and quantification

Pilocarpine in the extracts was analyzed by reversed

phase HPLC. The alkaloid was separated in a Mightysil

RP-18 GP column (150 × 4.6 mm ID., Kanto Chemical,

Tokyo). Solution used for elution was 13.5 ml H3PO4 and

3 ml triethylamine in 850 ml MilliQ H2O (pH 3 adjusted with

NaOH) with further addition of 112 ml MeOH [7]. The flow

rate was maintained at 1 ml/min and the detection was

monitored with a UV monitor operating at 212 nm. A stan-

dard curve with different concentration of standard pilo-

carpine versus the peak area calculated from HPLC

analysis was used for quantification of pilocarpine in crude

extract. The concentrated crude extract was diluted to

make sure that the area value lies within the standard curve

value to avoid error. To confirm that the extracted com-

pound was pilocarpine the compound was collected by pre-

parative HPLC and proton NMR was conducted by Varian
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Unity-Inova 300 MHz in CD3OH.

Results and Discussion

Pilocarpine extraction

In general, the efficiency of the enzyme-aided phy-

tochemical compounds extraction was influenced by multi-

ple variables including the pH of reaction solution, the

reaction temperature and time but not limited to enzyme

type and concentration, and their effects were either inde-

pendent or interactive [10, 12, 16, 20]. Preliminary studies

were performed in order to determine the required enzyme

concentration, pH and time for the extraction of the pilo-

carpine compounds from Pilocarpus leaves using acetate

buffer of different pH and enzyme concentrations.

Prior to the optimization, the extracted compound collected

in preparative HPLC was confirmed as pilocarpine from 1H-

NMR analysis (Fig. S1). The results show that the extrac-

tion yield of the pilocarpine compounds was dependent on

the all tested variables. First, the effect of pH in reaction

solution was evaluated using acetate buffer adjusted to

different pH range (pH 2.0-5.0). As shown in Fig. 2A,

pilocarpine extraction yield reached maximum level at pH

4.0, but subsequently decreased at higher pH. It has been

known that pH of the reaction solution plays an important

role in cell wall hydrolysis and polyphenol extraction in

plants [1, 23, 26]. Furthermore, Viscozyme® L has been

found to be stable at lower pH ranging from 4.0 to 5.0 [8].

Therefore, optimum pH of the reaction was optimized to pH

4.0.

The selection of an appropriate extraction temperature

was the second step in the preliminary studies. The experi-

ments were carried out ranging from room temperature to

50oC of the experimental design. As expected, the extraction

yield of pilocarpine was increased along with temperature

increases as shown in Fig. 2B. This might be due to the

enhanced solubility and diffusion coefficient whereas

reduced viscosity coefficient of pilocarpine compound at

higher temperature [4, 11, 24]. Another plausible reason

might be better enzyme activities at higher reaction

temperature. Though, not many alkaloids have been

extracted by enzymatic method but similar results has been

reported by some researchers for polyphenols who found

that a proper given temperature may help in extraction of

antioxidant, while too high or low temperature had a

significantly negative effect in case of polyphenol extraction

[10, 15]. Beyond 45oC the extraction of pilocarpine decreases

probably due to instability of enzyme at higher temperature

(Fig. 2B).

Fig. 2. (A) Graphical representation of pH-dependent
extraction when all other variables were kept constant,
temperature (RT), time 10 h and enzyme concentration
(1%), (B) Graphical representation of temperature-depen-
dent extraction at optimum pH 4, while other two parame-
ters were constant, time 10 h and enzyme concentration
(1%), (C) Graphical representation of time-dependent
extraction at optimum pH 4, temperature (45oC) and
enzyme concentration (1%). 
All graphs were plotted between variable and area obtained by
HPLC analysis. Each column represents the mean ± S.D. of
triplicate determinations.
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Different incubation times for enzymatic reaction were

also tested. The optimum reaction time was found to be

30 h and there was no further increase in pilocarpine con-

tent in longer reaction times (Fig. 2C). In the test to evaluate

optimum enzyme concentration, the yield of pilocarpine

increases with increasing enzyme concentration (Fig. 3).

10% of Viscozyme® L resulted in highest extraction yield of

pilocarpine among the tested enzyme concentration

indicating that higher concentration enzyme was able to

hydrolyze more Pilocarpus leaves. The optimum condition

for enzymatic reaction is summarized in Table 1.

Quantification of pilocarpine

The quantity of extracted pilocarpine at optimum condi-

tion was compared with one of the control sample of which

same extraction procedure was conducted without

enzyme. A standard curve obtained from area as function

of different concentrations (20-360 µg/ml) of pilocarpine in

HPLC analysis was used to quantify the amount of

extracted pilocarpine from the Pilocarpus leaves. The

HPLC chromatograms of pilocarpine extracted at optimum

condition with varying enzyme concentration were compared

with control sample in Fig. 4. The level of total pilocarpine

content obtained from 10% Viscozyme® L treatment was

3.08-folds greater than those of the control treatment (Fig.

3) reaching upto 1.14 µg/mg of Pilocarpus leaves.

Conclusions

Although several solvent extraction procedures have

been designed for extraction of pilocarpine [3], no studies

with respect to enzymatic extraction of pilocarpine has

been carried out till date. In this paper, we have optimized

the temperature, pH, enzyme concentration and reaction

time for the extraction of pilocarpine using a Viscozyme® L.

The amount of pilocarpine from enzyme extraction was

found to be 3.08-fold higher than that of control sample.

This is the first report of the enzymatic extraction of pilo-

carpine. Enzyme-based extraction is based on the inherent

ability of enzymes to catalyze reactions with exquisite spec-

ificity, regioselectivity and an ability to function under mild

processing conditions in aqueous solutions [9]. The method

is also more economic and environmental friendly com-

Fig. 3. Graphic representation of total pilocarpine contents
in the optimized condition with varying enzyme concentra-
tion (1, 2.5, 5, and 10) in % of total volume. Control, no
enzyme included. 
Each column represents the mean ± S.D. of triplicate determi-
nations. Control, 0.37 ± 0.15 ug/mg; 1.0%, 0.59 ± 0.14 ug/mg;
2.5%, 0.82 ± 0.14 ug/mg; 5.0%, 1.33 ± 0.15 ug/mg; 10.0%,
1.14 ± 0.15 ug/mg. A standard curve with different concentra-
tion of standard pilocarpine versus the peak area calculated
from HPLC analysis was used for quantification of pilocarpine.

Fig. 4. HPLC chromatogram of pilocarpine contents in the
optimized condition with varying enzyme concentration (1,
2.5, 5, and 10) in % of total volume.
Control, no enzyme included; Standard, pilocarpine chemical
obtained from Sigma Co. The flow rate was maintained at 1 ml/
min and the detection was monitored with a UV monitor oper-
ating at 212 nM.  

Table 1. Optimized condition for extraction of pilocarpine with respect to Viscozyme® L concentration, pH, temperature and

reaction time.

Substrate quantity Solvent, Acetate Enzyme quantity pH Temperature Reaction time

 100 mg 40 ml  10%  4  45oC  30 h
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pared to conventional method of extraction where large

quantity of organic solvent has been used. The content of

pilocarpine extracted via this method is as efficient as those

from solvent extraction method, therefore making this pro-

cess suitable for industrial application.
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국문초록

Pilocarpus jaborandi로부터 필로카르핀의 효소반응추출. 조전호1, 사우라브 바타라이1, 오태진1
*, 장종화2

*. 1선문대학교

제약공학과, 2한서대학교 치위생학과 

필로카르핀은 Pilocarpus 속으로부터 유일하게 분리되는 이미다졸계 알칼로이드로서 상당히 제약적으로 중요하다. Pilocarpus

jaborandi로부터 필로카르핀을 추출하기 위하여 환경친화적인 효소를 이용한 추출법을 이용하였다. 본 연구에서는 상업적으로

이용할 수 있는 효소칵테일인 Viscozyme® L을 사용하였다. 추출 조건은 기질, 효소, 온도 및 pH 등에 기초하여 최적화되었다.

가장 높은 수율을 위한 최적화 조건은 pH4인 50 mM 아세트산 40 ml 하에서 45oC, 100 mg 기질, 30시간 반응이였다. 최적의

추출 효소농도는 10%이였다. Viscozyme® L 처리로부터 얻어진 전체 필로카르핀 함유량(1.14 µg/mg) 수준은 기존 처리방법에

서 얻어지는 양(0.37 µg/mg)보다 3.08배 높은 것을 확인하였다. 


