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Abstract

Context: Daucus carota L. ssp. carota (Apiacea) is widely distributed throughout the world and has many uses in
traditional medicine.

Objective: The present study investigates the chemopreventive effects of oil extract of D. carota umbels on 7,12-
dimethyl benz(a)anthracene (DMBA)-induced skin cancer in mice.

Materials and methods: D. carota oil extract (DCOE) was prepared by extracting the dried umbels with 50:50
acetone:methanol. Skin papilloma were initiated by DMBA and promoted by 12-O-tetradecanoyl phorobol-13-
acetate (TPA). The extract was administered to animals via gavage (0.02 mL of 100% oil), intraperitoneal (0.3 mL of 2%
oil), and topical (0.2mL of 5, 50, and 100% oil) routes for 20 weeks. Tumor appearance, incidence, yield, and volume
were compared with those of a non-treated control group.

Results: Topical 100% treatment delayed tumor appearance, and inhibited tumor incidence and yield by 40 and 89%,
respectively. Topical 50% treatment inhibited tumor incidence and yield by 30 and 83%, respectively, whereas the 5%
treatment inhibited tumor yield by 36%. Tumor volume was decreased by 99,91, and 70% following topical treatments
with 100, 50, and 5% oil, respectively. Intraperitoneal treatment inhibited tumor yield by 43%, and decreased tumor
volume by 85%, whereas gavage treatment showed minimal effects on both. Intraperitoneal and topical treatment
decreased infiltration and hyperplasia with an increase in the level of hyperkeratosis.

Conclusion: These findings demonstrate that DCOE has remarkable antitumor activity against DMBA-induced skin
cancer compared with non-treated animals paving the ground for further investigations.

Keywords: Daucus carota L. ssp. carota (Apiacae), antitumor, skin papilloma, dermal infiltration, hyperkeratosis

Introduction

Wild carrot, Daucus carota L. ssp. carota (Apiacae),
is a biannual spiny-fruited herb widely distributed
throughout the world (Reed, 1976; Van Wyk Wink,
2004). The plant is a part of the folk medicine in
Lebanon where it is used to protect against gastric
ulcer, diabetes, muscle and back pain, and enhance
liver function and immune system. There is often con-
fusion in the literature between the edible carrot, D.
carota L. ssp. sativus, and the wild carrot, D. carota L.

ssp. carota, which has an inedible whitish tough root.
Extensive studies have been conducted on D. carota
L. ssp. sativus, although little was done on D. carota L.
ssp. carota. Wild carrot has been reported to possess
antilithic, diuretic, and carminative properties, and
has been traditionally used to treat urinary calculus,
cystitis, gout, and lithuria (Barnes, 1998; Thomas et al.,
2001; Van Wyk Wink, 2004). In European folk medi-
cine, the volatile oil from wild carrot is used as a uri-
nary antiseptic anti-inflammatory remedy for cystitis
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and prostatitis (Hoffman, 1991). It has been reported
that rats fed on wild carrot exhibited protection against
carbon tetrachloride-induced hepatotoxicity (Handa,
1986). Recent work in our lab showed that the aque-
ous and methanolic extracts of the wild carrot umbels
exhibited anti-inflammatory and antiulcer activities
(Wehbe et al., 2009). Additionally, the aqueous extract
was found to possess anticancer activity against human
promyelocytic leukemia HL-60 cells (Diab-Assaf et al.,
2007).

The present study was conducted to evaluate the
antitumor-promoting effects of D. carota oil extract
(DCOE) on skin carcinogenesis established through the
7,12-dimethyl benz(a)anthracene (DMBA)-initiation-12-
O-tetradecanoyl phorobol-13-acetate (TPA) promotion
mouse skin carcinogenesis model (Indra et al., 2007).
The antitumor activity was evaluated using three differ-
ent routes of administration: topical application, gavage,
and intraperitoneal injections. Histological analysis of all
papilloma biopsies was performed to assess three main
skin morphological features: hyperplasia, hyperkerato-
sis, and dermal infiltration with inflammatory cells.

Materials and methods

Plant collection and oil extraction

D. carota L. ssp. carota were collected in June-July 2008
from Mount Lebanon region. The plant was identified
according to the characteristics described in Handbook
of Medicinal Herbs book (Van Wyk Wink, 2004) and
confirmed by Dr. A. Houri, a Lebanese plant expert at
the Lebanese American University. The umbels were air-
dried in the shade and then cutinto small pieces. Aliquots
of 200g were extracted with 50:50 acetone:methanol
(3x2L, 72h each) (Mockute Nivinskiene, 2004). The
extract was then filtered and evaporated to dryness
under reduced pressure. The residue was centrifuged
and the oil was dried over anhydrous sodium sulfate. The
final yield (3.47%) was stored in a closed amber bottle at
4°C until use.

GC-MS analysis

The composition of the DCOE was analyzed using GC-MS
QP2010 (Shimadzu, Japan) with a fused silica capillary
column (30 m x 0.25 mm) with abonded stationary phase:
DB-1. The carrier gas was helium with the split ratio of
1:30, and the flow rate of 1.71 mL/min was applied. The
temperature program was 2.5min at 50°C and then from
50° to 270°C at 10°C/min. The injector temperature was
250°C. Identification of the components was performed
by comparing their mass spectra with literature (NIST
and WILEY). Percentage composition was computed
from GC peak areas.

Animals

BALB/c mice, caged in groups of five and maintained
under a 12-h photoperiod (08:00-20:00) at an envi-
ronmental temperature of 22°C + 2°C, were used. All

experimental protocols were approved by the Animal
Ethical Committee of the Lebanese American University,
which complies with the Guide for the Care and Use of
Laboratory Animals (Committee for the Update of the
Guide for the Care and Use of Laboratory Animals, 2010).

LD, determination

The lethal dose (LD, ) was determined using seven differ-
ent groups (10 mice each). Each group was injected on a
daily basis for a period of 2 weeks with one of the follow-
ing doses 0.5, 1, 1.5, 2, 7.5, 10, and 20% corresponding to
50, 100, 150, 200, 750, 1000, and 2000 mg/kg body weight,
respectively. All doses were volumetrically diluted with
isotonic saline solution (0.9%) to a total volume of 0.3 mL.
Postmortem examination was performed on those ani-
mals that died immediately after injections.

Papilloma induction

BALB/c mice papillomas were initiated by a single topi-
cal application of 190 nmol of DMBA in 0.2mL acetone.
The dorsal surface was shaved three times until the hair
growth was efficiently reduced to assure that the mice
were in a resting phase of their hair growth cycle at the
time of tumor initiation (Khavari, 2006). Three weeks
after the initiation, papillomas were promoted twice
weekly at Day 1 and Day 4 with a topical application of 8
nmol TPA in 0.2mL acetone. TPA solution was delivered
to the dorsal skin of individual mice twice per week for
the duration of the experiment (20 weeks) (Indra et al.,
2007).

Treatment with DCOE

The oil extract was administered to seven different groups
(10 mice each) via three different routes: intraperitoneal,
gavage, and topical application. For the intraperitoneal
treated group, the mice received 0.3 mL of 2% oil diluted
with 0.9% NaCl (Farhatet al., 2001). For the gavage treated
group, 0.02mL extract was forced through the mouse
pharyngo-esophageal region (Konoshima Takasaki,
2002). As for the topical treated group, different oil con-
centrations were prepared (5, 50, and 100%). The oil was
dissolved in acetone and applied topically to the dorsal
skin of mice in volume of 0.2mL (Gali-Muhtasib and
Affara, 2000). Animals of negative control group received
0.2mL acetone. TPA solutions were applied topically on
the dorsal skin surface 20min after applying the oil to
ensure complete dryness of the skin prior to tumor pro-
motion. Negative and positive control groups of the three
different routes of treatment were produced.

Data collection

Tumor incidence (percentage of mice bearing tumors
in each group) and tumor yield (number of tumors per
mouse) were recorded on a daily basis. Tumor volume
was recorded as well at Weeks 15, 17, and 20 (Zhaorigetu
etal., 2003). Tumor volume was estimated in comparison
with specific reference volume models provided by our
labs.
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Histological analysis

Biopsies of volume greater than 1mm?® were excised
from all the groups and preserved in 10% formaldehyde
in phosphate-buffered saline (PBS). Later, all these
samples were processed with routine histological proce-
dures using periodic acid Schiff (PAS) stain for later light
microscopy examination.

Statistical analysis

Values of the different tested parameters within each
group are presented as mean + SEM. Comparison of each
group with the control was made by independent -test.
P-value <0.05 is considered to be significant.

Results

The most prominent components identified by GC-MS
analysis of DCOE are shown in Table 1. The chromato-
graphic analysis also revealed the presence of a number
of unidentified and trace compounds with C15H260
(base peak 119) being a major one constituting 32.36%.
LD, assay showed that the lethal dose for the DCOE is
slightly <4%; therefore, a 2% (200mg/kg body weight)
dose was used for the intraperitoneal treatment.

Table 1. Main components (>1%) of Daucus carota oil.

Components Percentage
a-Longipinene 15.87
Methyl isoeugenol 7.92
Elemicin 4.56
p-Selinene 4.53
[-Asarone 4.07
p-Himachalene 3.96
[-Bisabolene 3.78
a-Humulene 2.63
Widdrol 2.45
allo-Aromadendrene 2.11
a-Caryophyllene 1.45
[-Caryophyllene 1.26
Caryophyllene oxide 1.03
Aromadendrene 1.01
Trace and unidentified 43.37
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Data presented in Figure 1A and 1B show the per-
centage of tumor incidence and tumor yield, respec-
tively, throughout the study period. Tables 2 and 3
reveal the percentage inhibition of tumor yield and
incidence at Weeks 15 and 20, respectively. The three
topical applications of DCOE (5, 50, and 100%) exhib-
ited dose-dependent chemopreventive effects. The
tumor appearance in the 100% topical treated group was
delayed by 4 weeks with 40% of the mice showing no sign
of tumor at the end of the experiment. The tumor yield
was inhibited by 89% and the tumor volume was very
minimal to be excised for histological analysis. In case of
50% topical treated groups, the tumor appearance was
delayed by 2 weeks, and the tumor incidence, yield, and
volume were inhibited by 30, 82, and 92%, respectively.
The 5% topical oil treatment showed similar profile but
with weaker activity. Gavage treated group had no sig-
nificant effects on tumor incidence and yield starting
Week 6 untill Week 20.

Tumor volume results were recorded on Weeks 15,
17, and 20. Figure 2A shows a significant decrease in the
tumor volume in the three topical treated groups reduced
with respect to the control, and the exact percent inhibi-
tion of tumor volume is clearly highlighted in Table 4. The
gavage treated groups showed no significant decrease in
the tumor volume (Figure 2B and Table 2), but the effec-
tiveness of the intraperitoneal treated group continued to
be significant with a remarkable decrease in the tumor
volume after Week 15 (Figure 2B and Table 4).

All slides representing the experimental groups were
subjected to histological analysis and presented in Figure
3. The control group showed extreme modifications in
the skin morphological features showing a huge increase
in the level of hyperkeratosis (Figure 3A) and hyperplasia
(Figure 3B) with high levels of dermal infiltration and col-
lagen core bundles (Figure 3A). Also, around 30% of the
biopsies isolated from this group showed total tissue deg-
radation (Figure 3C). For the gavage treated group, the
level of hyperplasia and hyperkeratosis (Figure 3D and
3E) were similar to those detected in the control (Figure
3A and 3B) with a slight decrease in the level of dermal
infiltration and collagen core bundles (Figure 3D). Unlike
the control group, no tissue degradation was detected in
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Figure 1. Effect of Daucus carota oil extract administered by various means on (A) papilloma incidence and on (B) papilloma yield.
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Table 2. The effects of different concentrations of Daucus carota oil when administered by various means on the promotion of mouse
skin papilloma (PAPS) at Week 15.

Weeks of first Papilloma yield Papilloma incidence
Treatments % Survival PAPS PAPS/mouse % Inhibition % Mice with PAPS % Inhibition
Control (TPA) 100 6 16.2+2.13 0 100 0
Topical
0il (5%) 100 6 8.1£2.01% 50 90 10
0il (50%) 100 7 2.2+0.72°%* 86 60 40
0il (100%) 100 9 1.8+0.79** 89 50 50
Gavage 100 6 15.8+1.65 2 100 0
Intraperitoneal 100 6 9+1.96% 44 100 0

*P<0.05, ¥*P<0.001 significant compared with control.

Table 3. The effects of different concentrations of Daucus carota oil when administered by various means on the promotion of mouse
skin papilloma (PAPS) at Week 20.

Weeks of first Papilloma yield Papilloma incidence
Treatments % Survival PAPS PAPS/mouse % Inhibition % Mice with PAPS % Inhibition
Control (TPA) 100 6 18.8+1.76 0 100 0
Topical
0il (5%) 100 6 12.0+2.59% 36 100 0
0il (50%) 100 7 3.3+1.09%* 82 70 30
0il (100%) 100 9 2.0+0.84%* 89 60 40
Gavage 100 6 18.1+1.66 4 100 0
Intraperitoneal 100 6 10.8+1.73* 43 100 0
*P<0.05, ¥P<0.001 significant compared with control.
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Figure 2. Effect of Daucus carota oil extract on tumor volume (mm?®). (A) Topical application; (B) gavage and intraperitoneal injections.
Bars represent mean tumor volume + SEM. *P<0.05 significant compared with control.

the gavage treated group (Figure 3F). The intraperitoneal
treated group showed remarkable decrease in the level
of hyperplasia (Figure 3H) and dermal infiltration (Figure

3G). Still a high degree of hyperkeratosis is detected
(Figure 3G). Tissue necrosis was also obvious in 30% of
the tumor biopsies (Figure 3I). In the 5% topical treated

Pharmaceutical Biology



Table 4. The inhibitory effects of different concentrations
of Daucus carota oil administered by various means on the
papilloma volume (mm?) at Weeks 15, 17, and 20.

Week 15 Week 17 Week 20

Treatments % Inhibition % Inhibition % Inhibition
Topical

0il (5%) 75 75% 70%

0il (50%) 93* 92% 91%*

0il (100%) 100%** 99* 99%*
Gavage 40 29 20
Intraperitoneal 90* 90* 85*

*P<0.05, ¥P<0.001 significant compared with control.

group, a decrease in the level of hyperplasia (Figure 3K)
and dermal infiltration (Figure 3]) was detected. Still the
level of hyperkeratosis was high similar to that indicated
in the intraperitoneal groups (Figure 3L). In the case
of 50% topical treated group, the slides indicated skin
morphology mostly close to normal with minimal levels
of hyperplasia and hyperkeratosis with moderate levels
of infiltration (Figure 3M and 3N). In addition, some
papilloma biopsies (about 30%) showed samples of tis-
sue necrosis (Figure 30). For the 100% topically treated
group, none of the tumor biopsies had a volume greater
than 1 mm?® and consequently none could be excised for
histological analysis.

Discussion

Skin carcinogenesis is a multistage process involv-
ing initiation, promotion, and progression. Recently,
chemoprevention strategy received a great deal of atten-
tion in the fight of different types of carcinogenesis.
Chemopreventive products may interfere by arresting,
reversing, or inhibiting the carcinogenesis process (Sporn
Suh, 2000). It is now well-accepted that herbal medicine
and plant-based diets have great potential in reducing the
risk of various types of carcinogenesis. D. carota umbels
are among folk medicine used in Lebanon for the treat-
ment of cancer. Therefore, the present study was con-
ducted to evaluate its chemopreventive activity against
DMBA-TPA-induced skin carcinogenesis in mice.

The intraperitoneal treatment of DCOE showed anti-
tumor effects as reflected in the histological analysis and
the significant inhibition of papilloma yield (43%) and
volume (85-90%), thus suggesting its chemopreventive
activity. On the contrary, DCOE administration by gav-
age showed no significant effects on the appearance,
incidence, and volume of papillomas. The lack of effect
may be attributed to the bioinactivation or poor gastro-
intestinal absorption of the active oil components during
their passage through the gastrointestinal tract. Topical
applications of DCOE exhibited dose-dependent chemo-
preventive effects. Histological analysis revealed that the
samples morphology is almost similar to normal skin
with preserved sebaceous glands, which indicates the
absence of any tissue degradation. Results showed the
presence of tissue necrosis, which is a clear indication

© 2011 Informa Healthcare USA, Inc.
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that this oil concentration did not act as a physical barrier
to TPA penetration.

Some of the identified compounds in the extract
were reported to possess antitumor activity. Among the
sesquiterpenes found in DCOE, $3-caryophyllene and
oa-humulene were reported to exhibit activity against
Ehrlich ascites tumor in mice where a 20 mg/kg dose
of each increased significantly the survival of the tumor
bearing mice (Da Silva et al., 2007). Both compounds
were also found to display selective toxicity against
HeLa, A-549, and HT-29 tumor cells when compared
with nontumor cells (Da Silva et al., 2008). In vitro
studies revealed cytotoxic activity of 3-caryophyllene
against Ehrlich ascites tumor cells (Da Silva et al.,
2007) and a-humulene against MCF-7, PC3, A-549,
DLD-1, M4BEU, and CT26 cell lines (Legault et al.,
2003). Also, a noncytotoxic dose of (-caryophyllene
was found to potentiate the anticancer activity of pacli-
taxel on MCF-7, DLD-1, and L-929 cell lines (Legault
et al., 2003). Similarly, (-caryophyllene significantly
increased the anticancer activity of o-humulene iso-
caryophyllene on MCF-7 cell line (Legault Pichette,
2007). According to Lima et al. (2003), the copaiba
oil resin (COR) from Copaifera multijuga Hayne
(Fabaceae), rich in p-caryophyllene (57.46%) and
o-humulene (8.28%), produced a significant decrease
in tumor growth of subcutaneously injected melanoma
cellline (B16F10) in mice in addition to its in vitro cyto-
toxic activity. Similarly, Sylvestre et al. (2006) reported
anticancer activity of Croton flavens L. (Euphorbiaceae)
essential oil against human lung carcinoma and human
colon adenocarcinoma cell lines. The sesquiterpenes
-caryophyllene, caryophyllene oxide, o-humulene,
and allo-aromadendrene identified in DCOE were
among the compounds present in C. flavens essential
oil. Likewise, methyl isoeugenol, a major component
of DCOE, was reported to have a modest but specific
inhibition of melanoma cell (GR-Mel) growth at 100
UM concentration (Pisano et al., 2007). Widdrol, an
odorous compound present in DCOE, has been also
shown to inhibit the proliferation of human colon ade-
nocarcinoma cells (Kwon et al., 2010). Along the same
line, extract of myrrh, which contains a diverse range of
constituents including [3-selinene (Hanus et al., 2005),
exhibited tumoricidal properties against lung, breast,
and prostate cancer cell lines (Mazzio Soliman, 2009).

The anticancer activity of DCOE may be attributed
to the specific components mentioned above. However,
their low concentration (-caryophyllene 1.26%, caryo-
phyllene oxide 1.3%, and o-humulene 2.63%) may not
solely explain such activity, which means some other
compounds are active in the DCOE especially that about
43% of the oil component are minor or unidentified
compounds. C15H260 a major unidentified compound
(32.36%) is currently under investigation for potential
anticancer property. It is also possible that synergistic
effects may exist between the active compounds and/or
the minor/unidentified components.
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Figure 3. Histological analysis of skin tumors induced by 7,12-dimethylbenz(a)anthracene (DMBA)/12-O-tetradecanoyl phorobol-13-
acetate (TPA) treatment in mice removed after 20 weeks. Periodic acid Schiff (PAS) staining revealed the differences concerning several
morphological features between the control (A-C), gavage treated groups (D-F), intraperitoneal treated groups (G-1), 5% treated groups
(J-L), and the 50% topical treated groups (M-0). Black brackets points to the intensity of hyperplasia, black arrows point to hyperkeratosis,
and black arrow heads indicate the levels of infiltration and the density of collagen core bundles. 200x magnification.

The antioxidant activity of DCOE was recently evalu- assays. Preliminary data revealed significant antioxidant
ated in our laboratory (data not published) by assessing activity of DCOE, a finding that can be partially related
the free radical scavenging activity using DPPH and FRAP to the anticancer activity since the relationship between
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cytotoxicity and antioxidant activity is well-established
(Owen et al., 2000; Dwivedi et al., 2003).

Conclusion

DCOE exhibited remarkable antitumor potential
against chemically induced carcinogenesis model.
Upon the evaluation of each mode of oil treatment,
both intraperitoneal and topical treatments appeared
to be effective in reducing tumor yield and volume with
concomitant improvement in tissue histology. Current
investigations in our laboratory are underway to char-
acterize the new active components and unravel their
mode of action.
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