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ABSTRACT

Development of a optimal method for purification of taxol is very important due to its demonstrated antitumor activity. In this study, two
extraction methods (calsic or maceration and soxhlet methods) was compared. For this, extraction was done by maceration and soxhlet
methods and two different solvents, ethanol hexane. The raw extracts were applied on a 25 cmx4.6 mm with a pre-column, Eurospher 100-5
C18 analytical column provided by Knauer (Berlin, Germany). Data acquisition and integration was performed with Millennium 32 software.
The results showed that the aquired taxol from soxhlet method was more than clasic method, but this difference was not significant. Both two
methods have good conditions for preparation of raw extracts for HPLC stage by ethanol solvent. The change of solvents had no effect on
taxol content of extract. But this change lead to reduction of taxol in clasic method. There was significant diffrerence between obtained taxol
by soxhlet and clasic methods in presence of hexane solvent. According to aquired data, for extraction of taxol by HPLC, the best solvent for
preparation of raw extract is ethanol. Also, because of shorter period, soxhlet method is preferred to maceration method.
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Corresponding author: Mehdi Kalantar The one of important stages of isolation is praparation of crude

extract (Pyo MKand etal , 2011; Memarpoor-Yazdi and etal,
INTRODUCTION 2013; Daneshmand and etal , 2013). There are two methods

for this porposes: maceration and sucsulate methods (Zare-

Yew plant with scientific name, Taxus baccata is a conifer. Zardini and etal, 2013). These two methods were divided to

Natively, this plant grow in different parts of world, especially different subgroups based on used solvents. Each method has

in western, central and southern Europe, northwest Africa, and advantages and disadvantegse. In this study, we comprised

southwest Asia (Panzeri and etal, 2002). Northern Iran is the maceration and sucsulate methods as well as effect of solvents

natural habitat of Taxus baccata in Iran (Alami and etal , on preparation and purification of taxol.

2014). This plant is a small to medium-sized evergreen tree

with average of 28 metres tall. The one major of current MATERIALS AND METHODS

chempthrapic drug, eg taxol, was purified and identified from

this plant. So, natural substances derived from Taxus baccata The plants were identified by a herbalist. A voucher specimen

have a special place among anti-cancer drugs. Rsearchers have was deposited at Herbal Research Center Laboratory in Sahid

shown that all parts of the this plant contain poisonous Sadoughi University of Meidcla Sciences, Yazd, larn.

alkaloids. The potent compounds of this plant are

podophyllotoxin, lignan, and desoxypodophyllotoxin (Kulaand Preparation of crude extract

etal , 2009;Goleniowski, 2000 ; Durakand etal , 2014). Taxol is In this study, Taxus baccata was supplied by two methods:

a cancer drug that purify from this plant. This drug use for clasic or soaking method and modern or Soxhlet method.

treatment of ovarian, breast, lung, pancreatic and other

cancers. This agent can be used in AIDS-related Kaposi's Soxhlet method

sarcoma (Horwitz, 1994;Weaver, 2014; Weaver, 2006;Croteau The sample is poured into cartouche and placed in the Soxhlet.

and etal, 2006). Development of a optimal method for The solvent Extraction, e.g. ethanol, was poured into flask. The

purification of taxol is very important due to its demonstrated temprature of instrument was set on 1502C. The extraction

antitumor activity. Reverse phase liquid chromatography is was done for 6 hours. Rotary devices was used to separate the

major important method for isolation and purification of taxol alcohol from the extract at 502C. the possible lowest

and analogues of taxol from a crude extract of Taxus species ).
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temprature was used to prevent damage of extract. Similar
procidure was done by hexane instead of ethanol.

Clasic or Soaking Method

The sample was poured in to 85% alcohol (ethanol) and mixed
by shaker for 24 hours. After this time, the obtained solution
was filtered by filter paper and dryed by Rotary devices at 40
2C. Similar procidure was done by hexane instead of ethanol.

HPLC analysis

A WATERS liquid chromatography apparatus consisting of a
separations module: WATERS 2695 (USA) and a dual
absorbance detector WATERS 2487 (USA) was used for the
HPLC analysis. Injection was auto sampler injector equipped
with a 100 pl loop. Separation was achieved on a 25 cmx4.6
mm with a pre-column, Eurospher 100-5 C18 analytical
column provided by Knauer (Berlin, Germany). Data
acquisition and integration was performed with Millennium 32
software. The chromatographic assay was performed on a 25
cmx4.6 mm with pre-column, Eurospher 100-5 C18 analytical
column provided by KNAUER (Berline, Germany) reversed
phase matrix (5 um) (Waters) and elution was carried out in a
gradient system with acetonitrile as the organic phase (solvent
A) and distilled water (solvent B) with the flow-rate of 1 mL
min-1. Peaks were monitored at 230 nm wavelength. Injection
volume was 20 pL and the temperature was maintained at
25°C. All injections were repeated three times (n=3).
Calibration graphs were plotted subsequently for linear
regression analysis of the peak area with concentration 1, 10,
25,50, 80,120,150 and 200 mg L-1.

RESULTS

Solvent selection in clasic Method

In clasic Method, two different solvents (Ethanol and hexan)
were used for extraction of Taxol. Figure 1 and 2 show the
typical HPLC chromatograms of Taxol obtained by Ethanol and
hexan, respectively. In two figures, separation conditions
involved C18 column (250 9 4.6 mm, 5 um); mobile phase,
composed of water/ACN in ratio of 55/45 and 70/30 for taxol
and 10-DAB III, respectively. The flow rate was 1.0 mL/ min
with an injection volume of 20 pL. According to these figures,
there was no are presented in Taxol extraction yields in hexan
suspention. But, in Ethanol extraction, there was considreable
concentration of taxol compared with the hexan suspension.
So, the best solvent for purification of taxol by clasic Method is
ethanol.

Solvent selection in soxhlet Method

In Soxhlet Method, two different solvents (Ethanol and hexan)
were also used for extraction of Taxol. The taxol concentration
obtained by the different solvents is shown in figure Figure 3
and 4. Separation conditions involved C18 column (250 9 4.6
mm, 5 pm); mobile phase, composed of water/ACN in ratio of
55/45 and 70/30 for taxol and 10-DAB III, respectively. The
flow rate was 1.0 mL/ min with an injection volume of 20 pL.
These figures showed that there was no diffrerence effect of
solvents on contents of taxol. In two figures, the concentraton
of obtained taxol was similar to some extent. So, the solvent
had no effect on extraction of taxol.

Comparison of extractin based on method

The extraction was also compered based on method.
accordong to figure 1 and 2, the aquired taxol from Soxhlet
Method was more than Clasic Method, but this difference was
not significant. Both two methods have good conditions for
preparation of raw extracts for HPLC stage by ethanol solvent.
In figre 3 and 4, the best condition for extraction was observed
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for Soxhlet Method. the change of solvents had no effect on
taxol content of extract. But this change lead to reduction of
taxol in Clasic Method. There was significant diffrerence
between obtained taxol by Soxhlet and Clasic Method.

DISCUSSION

Development of best techniques for extraction of taxol has
increasingly cinsidered as challenge between scientists.
Different sciences have focused on best teqniques for
purification of Taxol as suitable anticancer drug. In between,
HPLC is recognized as a efficient method in this field. HPLC
method is simple and sensitive extraction method with less
consumed reagents (Pasrija and etal, 2010;Negi and etal, 2011;
Shah and etal, 2010). This method is binifitioal for quantitative
determination and purification of ingeredinets of raw extratcs,
because the extracts do not need purification before injection
as with HPLC method. The preparation of raw extract for HPLC
column is the first stage of purification protocol (Zhang and
etal, 2004). There is two important methods for achievement
of extract: soxhlet and maceration Methods. In each method,
the condition of solvent and time can be changed. The selection
of best solvents can be led to enhancment of aquired extract
(Martins and da Concei¢do, 2015; Nagappan , 2012; Axelsson
and Gentili, 2014). In this study, these two methods for
preparation of raw extract from Taxus baccata as well as effect
of solvent was comprised. For gaining extract, the soxhlet and
maceration methods were used by the dried and powdered
plants by using various solvents (ethanol and hexane). In
Soxhlet method, there was no diffrerence effect of solvents on
contents of taxol. The concentraton of obtained taxol was
similar to some extent in two situations. However, the final
taxol doses differed notably depending on the used solvent
employed in clasic method. After HPLC analysis, there is no
considrable taxol in HPLC graph in presence of hexan in calsic
method. The first step of purification is the solid-liquid
extraction. In this step, solubility of Taxol is dpended on type
and polarity of solvents. Different studies showed that
alcoholic solvents such as Ethanol have better characteristics
as a solvent for Taxol extraction. The increase of
concentrations (e.g. Ethanol 50%, Ethanol 20% and etc) lead
to enhancment of extraction of Taxol in higher yields and etal,
2011;Liu, 2008). In our study, we also showed that the use of
alcoholic condition can enhance the concentration of taxol in
raw extract in comparison with hexan in maceration method.
The effect of solvent type in soxhlet method was not
significant. The aquired taxol was almost similar in two used
solvents. According to this data, the use of soxhlet method can
remove the effect of solvent to some extent. However, the
effect of different solvents in any methods of raw preparation
can not be denied. So, in various articles, There is no uniform
or satisfactory protocols for isolation of Taxol. There are many
studies that they used different solvents such as methanol,
ethanol, acetone, water, ethyl acetate, chloroform,
dichloromethane and their combinations for the extraction of
Taxol (Gabetta and etal, 1999;Chen R, Kingston DG, 1994). In
our study, the extraction was also compered based on method.
The aquired taxol from soxhlet method was more than clasic
method, but this difference was not significant. Both two
methods have good conditions for preparation of raw extracts
for HPLC stage by ethanol solvent. The other parameter in
extraction is time. Clasic method is time consuming in
comparison with soxhlet method. In other hand, the solvent
has considrable effect on aquired extract (Sadeghi-aliabadi and
etal, 2015). So, because of less used time and less effect of
solvent, it seems that soxhlet method is more suiltabe mothod
than clasic method for raw extraction. For increase of
extraction quality, the optimization of solvent conditions is
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appropriate solution (Talebi and etal, 2004). Alcoholica
solvents can increase the contact surface area between the
plant matrix and the solvent. this status improves the
extraction yield (Li H and etal, 2012; Ferreira and etal ,2000).
In our study, this status was observed in comparison of hexan
solvent. Because of polarity of taxol, the nanpolar solvents
could not be a suitable solvent for its extraction. According to
what mentioned above, it is concluded that ethanol extracts
contain higher taxol as polar compound than hexane. Many
articles have also confirmed that in other plant species polar
solvents produce a higher yield of extract concentration
compared with the non-polar ones (Trabelsi and etal, 2010;
Ahmed and etal, 2015; Iloki-Assanga and etal , 2015)

In conclusion we recommend that the best way of preparation
rew extract for purification of taxol by HPLC method is soxhlet
method by etahnol solvent, because this method requires less
time without any effect of solvent on extract content.

10.

11.

REFERENCES

Ahmed AS, McGaw LJ, Elgorashi EE, Naidoo V, Eloff
JN. Polarity of extracts and fractions of four
Combretum (Combretaceae) species used to treat
infections and gastrointestinal disorders in southern
African traditional medicine has a major effect on
different  relevant in  vitro  activities. ]
Ethnopharmacol 2014;154:339-50.

Alami A, Eslami A, Hashemi SA. The query of suitable
areas for plantation and development of Taxus
baccata L species by using GIS in northern Iran. An
Acad Bras Cienc 2014;86:1497-505.

Axelsson M, Gentili F. A Single-Step Method for
Rapid Extraction of Total Lipids from Green
Microalgae. PLoS ONE 2014;9:e89643.

Caunii A, Pribac G, Grozea I, Gaitin D, Samfira I.
Design of optimal solvent for extraction of bio-
active ingredients from six varieties of Medicago
sativa. Chemistry Central Journal 2012;6:123-.

Chen R, Kingston DG. Isolation and structure
elucidation of new taxoids from Taxus brevifolia. ]
Nat Prod 1994;57:1017-21.

Croteau R, Ketchum RE, Long RM, Kaspera R,
Wildung MR. Taxol biosynthesis and molecular
genetics. Phytochem Rev 2006;5:75-97.
Daneshmand F, Zare-Zardini H, Ebrahimi L.
Investigation of the antimicrobial activities of
Snakin-Z, a new cationic peptide derived from
Zizyphus jujuba fruits. Nat Prod Res 2013;27:2292-
6.

Daneshmand F, Zare-Zardini H, Tolueinia B, Hasani
Z, Ghanbari T. Crude Extract from Ziziphus Jujuba
Fruits, a Weapon against Pediatric Infectious
Disease. Iran ] Ped Hematol Oncol 2013;3:216-21.
Durak ZE, Biiber S, Devrim E, Kocaoglu H, Durak I.
Aqueous extract from taxus baccata inhibits
adenosine deaminase activity significantly in
cancerous and noncancerous human gastric and
colon tissues. Pharmacognosy Magazine
2014;10:5214-S6.

Ferreira V, Ortega L, Escudero A, Cacho JF. A
comparative study of the ability of different solvents
and adsorbents to extract aroma compounds from
alcoholic beverages. ] Chromatogr Sci 2000;38:469-
76.

Gabetta B, Fuzzati N, Orsini P, Peterlongo F,
Appendino G, Vander Velde DG. Paclitaxel analogues
from Taxus x media cv. Hicksii. ] Nat Prod
1999;62:219-23.

17

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Goleniowski ME. Cell lines of Taxus species as
source of the anticancer drug taxol. Biocell
2000;24:139-44.

Horwitz SB. Taxol (paclitaxel): mechanisms of
action. Ann Oncol 1994;5:53-6.

Iloki-Assanga SB, Lewis-Lujan LM, Lara-Espinoza CL,
Gil-Salido AA, Fernandez-Angulo D, Rubio-Pino ]L,
Haines DD. Solvent effects on phytochemical
constituent profiles and antioxidant activities, using
four different extraction formulations for analysis of
Bucida buceras L. and Phoradendron californicum.
BMC Research Notes 2015;8:396.

Kathiravan G, Sureban SM, Sree HN, Bhuvaneshwari
V, Kramony E. Isolation of anticancer drug TAXOL
from Pestalotiopsis breviseta with apoptosis and B-
Cell lymphoma protein docking studies. Journal of
Basic and Clinical Pharmacy 2012;4:14-9.

Kula K, Rojek S, Klementowicz W, Klys M, Konopka
T. [Analysis of taxus baccata alkaloids in biological
samples with the use of chromatographic methods].
Arch Med Sadowej Kryminol 2009;59:279-84.

Li H, Chen B, Nie L, Yao S. Solvent effects on focused
Liu Z. Preparation of Botanical Samples for
Biomedical Research. Endocrine, metabolic &
immune disorders drug targets 2008;8:112-21.
Martins FS, da Conceigdo EC. Evaluation of
extraction method on the chemical composition in
Apeiba tibourbou Aubl's extracts. Pharmacognosy
Magazine 2015;11:368-73.

Memarpoor-Yazdi M, Mahaki H, Zare-Zardini H.
Antioxidant activity of protein hydrolysates and
purified peptides from Zizyphus jujuba fruits.
Journal of Functional Foods 2013;5:62-70.
microwave assisted extraction of polyphenolic acids
from Eucommia ulmodies. Phytochem Anal
2004;15:306-12.

Nagappan R. Evaluation of aqueous and ethanol
extract of bioactive medicinal plant, Cassia
didymobotrya (Fresenius) Irwin & Barneby against
immature stages of filarial vector, Culex
quinquefasciatus Say (Diptera: Culicidae). Asian
Pacific Journal of Tropical Biomedicine 2012;2:707-
11.

Negi ]S, Singh P, Pant GJN, Rawat MSM. High-
performance liquid chromatography analysis of
plant  saponins: An  update 2005-2010.
Pharmacognosy Reviews 2011;5:155-8.

Panzeri C, Bacis G, Ferri F, Rinaldi G, Persico A,
Uberti F, Restani P. Extracorporeal life support in a
severe Taxus baccata poisoning. Clin Toxicol
2010;48:463-5.

Pasrija A, Singh R, Katiyar CK. Validated HPLC-UV
method for the determination of berberine in raw
herb Daruharidra (Berberis aristata DC), its extract,
and in commercially marketed Ayurvedic dosage
forms. International Journal of Ayurveda Research
2010;1:243-6.

Pyo MK, Choi S-H, Shin T-J, Hwang SH, Lee B-H, Kang
J, Kim H-J, Lee S-H, Nah S-Y. A Simple Method for the
Preparation of Crude Gintonin from Ginseng Root,
Stem, and Leaf. Journal of Ginseng Research
2011;35:209-18.

Qiao L, Man R, Ni W, Liang Y. [Research of extracting
and purifying taxol from the branches of Taxus
media]. Zhongguo Zhong Yao Za Zhi 2009;34:973-6.
Sadeghi-aliabadi H, Asghari G, Mostafavi SA,
Esmaeili A. Solvent optimization on Taxol extraction



Bibi Zahra Modarresi darreh et al

World ] Environ Biosci, 2017, 6, (SI):15-18

from Taxus baccata L., using HPLC and LC-MS. 2015
2015:7.

28. Sasidharan S, Chen Y, Saravanan D, Sundram KM,
Yoga Latha L. Extraction, Isolation and
Characterization of Bioactive Compounds from
Plants' Extracts. African Journal of Traditional,
Complementary, and Alternative  Medicines
2011;8:1-10.

29. Shah UM, Patel SM, Patel PH, Hingorani L, Jadhav RB.
Development and Validation of a Simple Isocratic
HPLC Method for Simultaneous Estimation of
Phytosterols in Cissus quadrangularis. Indian
Journal of Pharmaceutical Sciences 2010;72:753-8.

30. Talebi M, Ghassempour A, Talebpour Z, Rassouli A,
Dolatyari L. Optimization of the extraction of
paclitaxel from Taxus baccata L. by the use of
microwave energy. ] Sep Sci 2004;27:1130-6.

31. Trabelsi N, Megdiche W, Ksouri R, Falleh H, Oueslati
S, Soumaya B, Hajlaoui H, Abdelly C. Solvent effects
on phenolic contents and biological activities of the
halophyte Limoniastrum monopetalum leaves. LWT
- Food Science and Technology 2010;43:632-9.

32. Vanhaelen M, Duchateau ], Vanhaelen-Fastre R, Jaziri
M. Taxanes in Taxus baccata pollen: cardiotoxicity
and/or allergenicity? Planta Med 2002;68:36-40.

33. Weaver BA. How Taxol/paclitaxel kills cancer cells.
Mol Biol Cell 2014;25:2677-81.

34. Weaver BA. How Taxol/paclitaxel kills cancer cells.
Molecular Biology of the Cell 2014;25:2677-81.

35. Zare-Zardini H, Tolueinia B, Hashemi A, Ebrahimi L,
Fesahat F. Antioxidant and cholinesterase inhibitory
activity of a new peptide from Ziziphus jujuba fruits.
Am ] Alzheimers Dis Other Demen 2013;28:702-9.

36. Zhang Z, Kou X, Fugal K, McLaughlin J. Comparison
of HPLC methods for determination of anthocyanins
and anthocyanidins in bilberry extracts. ] Agric Food
Chem 2004;52:688-91.

Taxol

Abundance Unite

T T, T s ™ Tl T " Ty

Retention time

Figure 1. HPLC chromatograms of Taxol obtained by Ethanol
solvent in clasic method. Separation conditions involved: C18
column (250 9 4.6 mm, 5 pm); mobile phase,composed of
water/ACN in ratio of 55/45 and 70/30 for taxol and 10-DAB
111, respectively. The flow rate was 1.0 mL/ min with an
injection volume of 20 pL.
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Figure 2. HPLC chromatograms of Taxol obtained by hexane
solvent in clasic method. Separation conditions involved: C18
column (250 9 4.6 mm, 5 pm); mobile phase, composed of
water/ACN in ratio of 55/45 and 70/30 for taxol and 10-DAB
111, respectively. The flow rate was 1.0 mL/ min with an
injection volume of 20 pL.
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Figure 3. HPLC chromatograms of Taxol obtained by ethanol
solvent in soxhlet method. Separation conditions involved:
C18 column (250 9 4.6 mm, 5 pm); mobile phase, composed of
water/ACN in ratio of 55/45 and 70/30 for taxol and 10-DAB
I, respectively. The flow rate was 1.0 mL/ min with an
injection volume of 20 pL.
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1) Figure 4. HPLC chromatograms of Taxol obtained by
hexane solvent in soxhlet method. Separation conditions
involved: C18 column (250 9 4.6 mm, 5 pm); mobile
phase, composed of water/ACN in ratio of 55/45 and
70/30 for taxol and 10-DAB II], respectively. The flow rate
was 1.0 mL/ min with an injection volume of 20 pL.



