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Abstract

Paclitaxel, isolated from Taxus wallichiana, has clinically been used as a standard anticancer agent. Although Paclitaxel
has been quantified in species from forests in different countries of the world and its concentration show variation with
environmental factors, no studies have been conducted on it in Pakistan. Therefore, the aim of this study was to investigate
the presence of Paclitaxel and quantify its concentration in various parts of 7. wallichiana, sampled from Hazara and Swat
Forest Divisions, Khyber Pakhtunkhwa (KP), Pakistan. Paclitaxel levels in 119 samples (leaves, stem, bark, and root) of 7.
wallichiana were measured and compared within and between the two forest divisions. Extraction of biomass was
accomplished using Ultrasound-assisted ethanol extraction and liquid chromatography with ultraviolet detection analysis
after an ENVI-Carb cleanup step. Paclitaxel content (wt %) measured in plant biomass followed; roots (0.023 + 0.018) >
bark (0.014 + 0.013) > leaf (0.011 £ 0.006) > stem (0.006 + 0.006) samples. A significant difference (p<0.05) was observed
in Paclitaxel content between the two Forest Divisions. The mean Paclitaxel content for different plant parts was
significantly greater for trees from Hazara Forests compared to Swat Forests. 7. wallichiana can be grown in its natural

zones “Hazara Forests” for a high yield of Paclitaxel.
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Introduction

Taxol, a complex diterpene amide, was discovered as
a clinically effective anti-leukemic and anti-tumor agent
and is currently used as anticancer medicine in hospitals
and clinics (Zaiyou et al., 2017; Lasala et al., 2006;
Oberlies & Kroll 2004; Wani et al., 1971). Clinical results
showed that Paclitaxel has exceptional antitumor activity
against neck, lung, breast, and head cancers. It is one of
the top chemotherapeutic agents obtained from plant
sources (Baker ef al., 2007; Newman et al., 2003; Arbuck
& Blaylock, 1995). Since identified and isolated,
Paclitaxel has become the subject of numerous studies
including those classifying it as a novel anti-microtubule
agent. It prevents mitosis from occurring by stimulating
microtubule formation and stabilizing them against being
dismantled, thus making cell division impossible
(Miglietta et al., 2002; Altmann 2001; He et al., 2001;
Schiff & Horwitz, 1980; Schiff ez al., 1979).

Paclitaxel was first isolated from the bark of Taxus
brevifolia (Pacific yew) (Wani et al., 1971). Paclitaxel and
other taxanes occur commonly in different parts of
numerous yew species (Parmar et al., 1999). These
species include T. canadensis, T. brevifolia, T. baccata, T.
cuspidata, and 7. wallichiana (Witherup et al., 1990). T.
wallichiana is an evergreen, non-coniferous, slow-

growing species that can survive thousands of years.
Taxus causes severe poisoning which can result in life-
threatening cardiac toxicity (Labossiere & Thompson,
2018). All parts of the plant (leaves, stem, and bark) are
toxic except the fruit (red berries). The toxicity is due to
the presence of cardio-toxic alkaloids (taxine A and taxine
B) and not Paclitaxel present in Taxus (Cope, 2015).
Taxus species is present in various areas of the world
including in the mountains of Asia (Spjut, 2010). In
Pakistan, T. wallichiana is distributed in the moist
temperate forests of Hazara, Swat, Murree, Kashmir,
Shangla, Kurram, and Chitral at an elevation of 1500-
3500 m (Spjut, 2010; Mulliken and Crofton, 2008). The
distribution of 7. wallichiana is patchy and now present in
only a few places due to habitat destruction, forest fires,
lack of awareness, agricultural activities, slow growth
rate, construction activities, use for decoration, improper
harvesting, accidental mortality, animal grazing, illicit
cutting, and regeneration failure (Igbal et al., 2020; Paul
et al., 2013; Mulliken & Crofton, 2008). Taxus wood is
used mostly in graves, as fuel wood, and for a wide range
of medicinal purposes, which has resulted in the reduction
of the species critically (Haq, 2012). With the passage of
time, its population has been reduced by almost 87
percent and it is now considered an endangered species
(Haq, 2012; Bhuju & Gauchan, 2018). In Pakistan less
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work has been done on the conservation of the T
wallichiana. Conservation is done both in-situ (Igbal ez
al., 2022) and ex-situ means.

Demand for the Taxus species has increased
throughout the world with a concomitant increase in
research on best methods to extract and quantify
Paclitaxel in various parts/species of Taxus (Sadeghi-
Aliabadi et al., 2009; Ballero et al., 2003; Mukherjee et
al., 2002; Wheeler et al., 1992; Witherup et al., 1990)
Previous studies on quantification of Paclitaxel in various
Taxus species showed significant variations in the
quantity of Paclitaxel within and among species and
populations (Rawat, 2011; Cameron & Smith, 2008;
Zhang et al., 2008; Vidensek et al., 1990; Neto &
Decosmo 1992).

Pakistan imports Paclitaxel from other countries of
the world for treatment of cancer (Faden ef al., 2009) but
it is very expensive with estimated costs of Rs. 5300
($45.85) for one injection (6 mg/mL). To the best of our
knowledge, there has not been any work done to evaluate
Paclitaxel levels in Taxus specie in Pakistan. Given the
importance and cost of Paclitaxel and the known
occurrence of 7. wallichiana in local forests of the Hazara
and Swat Forests, it was judicious to investigate
Paclitaxel in local Taxus species. Therefore, the aim of
this study was to investigate the presence of Paclitaxel
and quantify its concentration in various parts of T.
wallichiana growing in the Hazara and Swat Forest
Divisions of KP, Pakistan. Paclitaxel levels in leaves,
stems, bark, and roots of 7. wallichiana from each forest
were measured and compared within and between the two
forest divisions.

Materials and Methods

Study area

General experimental procedure: Leaf, stem, bark,
and root tissues were sampled from 7. wallichiana from
twelve locations (Ayubia, Beran Gali, Bagnotar, Kaghan,
Khanspur, Chetta Cham, Natia Gali, Changla Gali,
Donga Gali, Tharati, Balakot, and Jared) in the Hazara
Forests and seven locations (Roringar, Miandam, Banjot,
Beha, Malam Jaba, Lalku, and Kalam) in the Swat
Forests (Fig. 1). A total of 119 leaf, stem, bark, and root
samples were collected, which included 64 samples from
the Hazara Forests and 55 samples from the Swat
Forests. The samples were packed in navel orange mesh
bags, labeled, and transported to the laboratory. Samples
were then cut into pieces and dried in dark at room
temperature. Air-dried samples were grinded using a
plant grinder (Thomas Wiley Laboratory mill, Model 4)
and then sieved to obtain the 0.2 mm < size < 1.5 mm
fraction. Samples were stored in labeled zip-locked bags
and shipped to Purdue University, USA for analysis.
Voucher specimens no. Bot. 20156 (PUP) was deposited
in the herbarium of Department of Botany, University of
Peshawar, KP, Pakistan.

The moisture content of each sample was determined
gravimetrically (80°C) after air-drying and then kept in a
desiccator until cooled. The moisture content (oven-dried
basis) of the various leaf, stem, bark, and root samples of
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T. wallichiana ranged from 5.78 to 17.44 % with a mean
value of 8.62% so the air-dried samples were used for
extraction of Paclitaxel.

Extraction and Analysis of Paclitaxel: Air-dried plant
biomass samples were extracted through a heated
ultrasound-assisted extraction (UAE) with ethanol and
paclitaxel quantified using high-performance liquid
chromatography with UV detection (HPLC-UV) after an
ENVI-Carb cleanup step as described in Ghaffar et al.,
(2019). Briefly, ~0.5 g samples were extracted three times
sequentially with 4-mL ethanol each time with UAE using
an Elmasonic Model P70H bath sonicator for 60 min at
180 W and 60°C. HPLC-UV analysis was performed on
an automated Shimadzu HPLC with a Shimadzu UV-Vis
Detector (Model SPD 10A) using a Waters Novapak
Phenyl column (4 uM, 60 A, 15 cm x 3.9 mm) maintained
at 30°C using a gradient mobile phase consisting of 0.01
M ammonium acetate in DI water and 0.01 M ammonium
acetate in acetonitrile (B) at 0.8 mL/min. The limits of
detection (LOD) and quantitation (LOQ) were determined
to be 0.018 mg/L and 0.55 mg/L, respectively.

Statistical Analyses

Statistical analysis was carried out using SPSS
(version 25). Means and standard deviation (mean £+ SD)
were calculated. Analysis of variance (ANOVA), followed
by Tukey test, Post Hoc test, and t-Test (Tekade et al.,
2013) were applied.

Results and Discussion

Paclitaxel concentrations in the various parts of 7.
wallichiana: Paclitaxel was detected in all the samples of
different parts of 7. wallichiana collected from all
geographical locations. Mean Paclitaxel content (air dried
wt %) measured in different parts of 7. wallichiana
samples from the Hazara and Swat Forests of KP are
presented in (Table 1).

Paclitaxel content (wt %) in samples of leaf, stem,
bark, and roots ranged 0.003 — 0.025, 0.001 — 0.023, 0.001
— 066 and 0.02 — 087, respectively. Overall, Paclitaxel
content in different tree parts is given in (Fig. 2).

From (Table 2) it has been concluded that there is a
significant difference (p<0.001) in the quantity of
Paclitaxel content between different tree parts. Generally,
the results showed that root samples had the highest
Paclitaxel content present followed by bark, leaf, and
stem. The Paclitaxel content extracted from roots was 2
and 4 times higher than leaves, and stem, respectively.

A pairwise comparison using the Post Hoc Test
between tissue types (root, leaf, bark, and stem) for
Paclitaxel content on all 7 wallichiana samples collected
from both forests indicated that the Paclitaxel content
between tissue types is significantly different for leaf-
root, stem-bark, stem-root and root-bark comparisons for
each Division. No significant difference in Paclitaxel
content was observed for the leaf-stem and leaf-bark
combinations (Table 3).
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Fig. 1. Location wise overall mean Taxol content (% wt) in
T. wallichiana.
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Fig. 2. Mean Taxol content (wt %) in plants sampled from
different sampling locations.

Table 1. Mean Paclitaxel content in air dried wt % measured in different parts of Taxus wallichiana.

Tree parts Area N Mean = SD (wt %)
Hazara 17 0.012 £0.008
Leaf Swat 14 0.010 + 0.004
Total mean 31 0.011 £ 0.006
Hazara 17 0.007 £ 0.007
Stem Swat 14 0.005 +0.005
Total mean 31 0.006 = 0.006
Hazara 17 0.017+0.016
Bark Swat 14 0.010 + 0.006
Total mean 31 0.014 £ 0.013
Hazara 13 0.033£0.019
Root Swat 13 0.012 +0.008
Total mean 26 0.023 £ 0.018
Hazara 64 0.016 £0.016
Total Swat 55 0.009 £+ 0.006
Total mean 119 0.013 £ 0.013
Table 2. Analysis of Variance Table 4. Overall mean paclitaxel content in hazara
Degrees of | Mean and swat forest divisions.
freedom square F P :
Between tree parts 3 (()1.001 10329 0.000 Area N Mea?vaa«;l,l)taxel T Sig
Within tree parts 115 0.000 Hazara 17 0.015623
Swat 14 0.009244 24720020

Table 3. Pair wise comparison of Paclitaxel content wt %
measured in various tree parts from samples of 7. wallichiana

Tree part pairs for comparison Significance
Leaf-stem 0.349
Leaf-bark 0.722
Leaf-root 0.001**
Stem-bark 0.038*
Stem-root 0.00001**
Bark-root 0.026*

**0.001 level; *0.05 level

Paclitaxel content in 7. wallichiana at hazara and swat
forest divisions: Sixty-four and fifty-five samples were
collected from the Hazara and Swat Forest Divisions,
respectively. Mean Paclitaxel content in samples
(combine root, bark, stem, and leaf) of Hazara and Swat
Forest Divisions was 0.016 + 0.016 wt % and 0.009 +
0.006 wt %, respectively. Using a t-Test showed that the
Paclitaxel content from the two different forest divisions
is significantly different (p<0.05) (Table 4).
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Table 5. Paclitaxel content (wt %) in different tree parts of 7. wallichiana in Hazara and Swat.
Source | Sum of square Df ‘ Mean square F Sig
Corrected model 0.008 7 0.001 9.653 0.0001
Intercept 0.021 1 0.021 183.412 0.0001
Tree parts 0.004 3 0.001 12.685 0.0001
Area 0.002 1 0.002 16.488 0.0001
Tree parts * Area 0.002 3 0.001 5.073 0.002
Error 0.013 111 0.000
Total 0.040 119
Corrected Total 0.020 118
nc
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Fig. 3. Map of Hazara and Swat Forest Divisions’ sampling areas.

Likewise, significant differences were observed in
Paclitaxel content extracted from same tree parts sampled
at geographically distinct forests (Table 5).

Graphical representation of Paclitaxel content in
samples of leaves, stem, bark, and roots is shown in (Fig. 3).

Our results showed that the highest Paclitaxel content
was present in roots of 7. wallichiana. Mean Paclitaxel
content followed: root (0.023 +0.018 wt %) > bark
(0.014+0.013 wt %) > leaf (0.011 +£0.006 wt %) > stem
(0.006+0.006 wt %). These findings are contrary to what
has been reported in some studies but consistent with other
studies. For example, Vidensek et al. (1990) reported that
Paclitaxel content (%) from several Taxus species is highest
in the bark followed by the root: bark (0.015 = 0.018) >
root (0.004 + 0.004) > leaf (0.0015 £ 0.0012) > stem
(0.0006 £ 0.000) [31]. The present results agree with trends
reported by Enaksha ez al., (1994) who described a higher
concentration of Paclitaxel in roots compared to the leaves
of Taxus x media Rehd. Cultivars Brownii, Densiformis,
Fieldii, Hicksii, and T. cuspidate Sieb and Zucc (Enaksha et
al., 1994). Wang et al., (2006) also reported root and bark
are richer in Paclitaxel content than leaf and stem.

The mean Paclitaxel content (0.014+0.013 wt %) in
bark samples of T. wallichiana is comparable to those in
T. brevifolia of 0.012 + 0.005 wt % and 0.015 + 0.018
wt %, respectively (Vidensek et al., 1990; Neto &
DeCosmo, 1992). Nadeem, et al. (2002) reported higher
Paclitaxel content (0.0558 + 0.008 wt %) in bark *.
Similarly, Kelsey and Vance (1992) & Németh-Kiss et
al., (1996) found bark richer in Paclitaxel content than
needles. Less Paclitaxel in leaves as compared to bark
may be due to the reason that leaf extracts have higher
amounts of waxy, non-polar components (Whitherup, et
al., 1990).

In the present study, the mean average quantity of
Paclitaxel (0.011+0.006 wt %) in leaf samples is like that
reported by Whitherup et al. (1990) of 0.01 wt % for T. X
media cv. Hicksii. However, Neto & DiCosmo (1992)
(0.035 £ 0.006 wt %) and Elsohly et al., (1997) (0.028 to
0.063 g %) observed much higher leaf Paclitaxel contents
for T. cuspidata and T. media, respectively. Leaves, being
renewable, can be easily used as a constant supply source
of Paclitaxel to help meet what is required for cancer
treatment (Witherup et al., 1990).
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The current study shows that stem has the lowest
Paclitaxel content which supports the studies of Hook et
al., (1999) and Mukherjee et al., (2002) conducted
previously. Hook et al., (1996) also reported that leaves
produced higher amounts of taxoids than stems in Irish
yew and other Taxus species.

The difference in Paclitaxel quantities in the different
tree parts may be due to several factors involved in it such
as storage, post-harvest procedures, and extraction protocol
(Kelsey & Vance, 1992). During extraction, solvent type,
tissue particle size, length of extraction, and solvent
temperature seem to influence the final concentrations.
Moreover, the source of plant material may also be
important. Even within limited populations, there is
considerable inter-tree variation, and diverse geographic
sources are likely to have even greater differences (Kelsey
& Vance, 1992). Variation in Paclitaxel content in two
forest divisions may be due to the environmental conditions
and genetic variations of the tree species at the two
different locations. The number of T. wallichiana trees
found in Hazara Forests is greater than that of Swat Forests.
The reason may be that forests at Swat are protected forests
where local people have more rights which results in higher
anthropogenic activities and changes in land use while
Hazara forests are reserved and comparatively less affected
by the local community. Deforestation, habitat destruction,
over-exploitation, agricultural practices, un-sustainable
extraction, developmental activities, fuel, growth of
population, local farming, enlarged animal husbandry
practices, and unsustainable extraction are the
anthropogenic activities that may affect the existence of 7.
wallichiana as well as production of Paclitaxel. The
difference in the quantity of Paclitaxel may also be due to
heavy grazing, herbivory of seeds or seedlings, adverse soil
conditions, poor soil water relations, competition for light
among the trees, fungal diseases, and changes in
microclimate (Thomas & Polwart, 2003; Holtan, 2001;
Lewandowski et al., 1995; Pridnya, 1984; Krol, 1978).

The demand of Paclitaxel for the treatment of cancer
is very high. Taxus trees not only grow slowly, but also
are insufficient in number to meet the demand for
Paclitaxel throughout the world. The best approach to
trying to maintain consistent supplies of Paclitaxel is to
gather leaves through pruning. Removal of leaves unlike
other parts (roots and bark) does not cause destruction of
the plant (Elias & Korzhenevsky, 1992).

Conclusion

The Paclitaxel content was observed in all the
samples (100%) of the leaf, stem, bark, and root of T.
wallichiana at the Hazara and Swat Forest Divisions, KP.
The significant difference in mean Paclitaxel content
(p<0.05) was found between different parts (leaf, stem,
bark, and root) of 7 wallichiana and the study areas. The
order of Paclitaxel content observed was root > bark >
leaf > stem. T. wallichiana from Hazara Forests has
greater Paclitaxel content than the same species from
Swat Forests. Further studies need to be carried out in
other parts of Pakistan to identify and explore productive
areas for the extraction of Paclitaxel. T. wallichiana at
both the forest divisions especially Hazara Forests must
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be grown on large-scale plantations to yield Paclitaxel in
great quantity and the present species must be conserved
to cease its extinction from its natural zones. Paclitaxel
content may be affected by environmental factors like
temperature, rainfall, moisture, altitude, and soil
properties which must be probed out. Further studies are
needed to be carried out to determine the effect of these
factors on the quantity of Paclitaxel in these areas.
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