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Asafoetida inhibits early events of carcinogenesis A chemopreventive study Mohammad Saleem, Aftab Alam, Sarwat Sultana* Section of Chemoprevention and Nutrition Toxicology, Department of Medical Elementology and Toxicology, Faculty of Science, Jamia Hamdard (Hamdard University), New Delhi, India –110062 (Submitted February 29, 2000; accepted July 26, 2000; received in final form October 30, 2000)



Abstract Ferula (a genus of many species) commonly known as asafoetida is used as a flavoring agent in food and is used as a traditional medicine for many diseases in many parts of world. In the current investigation, we report the antioxidant and anticarcinogenic potential of asafoetida (Ferula narthex) in swiss albino mice. A single dose of TPA (20nmol/0.2 ml acetone /animal), a known tumor promoter decreased the cellular antioxidant level significantly (p,0.01) when applied topically to mice skin. It also induced the ODC activity, rate of DNA synthesis, hydrogen peroxide level, xanthine oxidase activity and protein carbonyl content in mice skin significantly (p,0.01). These events are early biomarkers of carcinogenesis. However, the pretreatment of animals with asafoetida (300, 400 and 500mg/200 ml acetone / animal) caused the reversal of all events significantly (p,0.01). The pretreament of animals with asafoetida recovered the antioxidant level and reversed the induced ODC activity and DNA synthesis significantly (p,0.01). We conclude that asafoetida is a potent antioxidant and can afford protection against free radical mediated diseases such as carcinogenesis. © 2001 Elsevier Science Inc. All rights reserved. Keywords: Chemoprevention; Antioxidant; Ferula narthex; Protein carbonyl; DNA damage; Carcinogenesis; Ornithine decarboxylase; [3H]thymidine incorporation



Introduction The process of carcinogenesis is a multistep process and free radicals particularly reactive oxygen species (ROS) have been reported to play an important role in promotion stage of cancer. The reactive oxygen species generated as a result of exposure to pesticides, drugs, tobacco and other pollutants may damage DNA, membrane lipids and proteins. The DNA damage may * Corresponding author. Deptt. of Medical Elementology and Toxicology, Faculty of Science, Jamia Hamdard (Hamdard University), N. Delhi, India, 110062. Fax: 0091-11-6088874. E-mail address: [email protected] (S. Sultana) 0024-3205/01/$ – see front matter © 2001 Elsevier Science Inc. All rights reserved. PII: S 0 0 2 4 - 3 2 0 5 ( 0 1 )0 0 9 7 7 -8
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lead to mutation and protein damage may lead to the impairment of growth regulatory enzymes which are the early events of carcinogenesis (1). Humans are surrounded and exposed daily to a multitude of xenobiotics, toxic products and even food stuffs are known to contain a wide range of ROS generating and mutagenic compounds (2), there is a need to define the agents which can provide a full scale protection on regular basis. The diet provides the best option to meet the challenge of carcinognesis as it would be a regular therapy. The role of dietary modification in the reduction of cancer risk has recently drawn wide spread attention because the difference in human cancer mortality that exist world wide often depend on life style and dietary habits. In recent years there has been a growing interest in identifying the antimutagenic and anti carcinogenic constituents of the human diet. A variety of phenolic compounds are known to be present in fruits, spices and vegetables and it has been estimated that some individuals consume 1g of such phenolic compounds in their daily diet (3). Many of these compounds have been shown to suppress carcinogen-induced mutagenesis and neoplasia in experimental animals (4). The efficacy of these chemopreventive agents against cancer has been related with their antioxidant potential to reduce /or inhibit free radical mediated damage to cellular macromolecules, such as DNA, lipids and proteins. The protective action of such chemopreventive agents against cancer is also reported to be related with their potential to decrease oxidative stress and induce phase II detoxifying enzymes such as glutathione S-transferase and quinone reductase (5). Recently, we have shown that spearmint, a widely used dietary constituent inhibit tumor promotion events in mice skin (6). Ferula narthex, commonly known as asafoetida is a perennial herb and is widely used in India as flavoring agent to curries, sauce, pickles and in other food items. The oleo- gum resins of asafoetida are of much importance, which are in use by country doctors for curing many human ailments since centuries. It is used as antiseptic, antifungal, antibiotic and laxative. It is used in indigestion, whooping cough, cramps, inflammation, epilepsy, pain, cholera, flatulent colic, and infertility and convulsions (7). It is used as a stimulant for nervous and respiratory system and prescribed in bronchitis (8). Asafoetida has been reported to act as anticarcinogen in many systems (9,10,). Although, asafoetida has been reported to induce glutathione S-transferase enzyme (11), the exact mechanism through which asafoetida behaves as ant-tumor agent is yet to be elucidated. Most of the toxicants that behave as tumor promoters act through the generation of free radicals, induction of ornithine decarboxylase (a rate limiting enzyme in polyamine biosynthesis) and by enhancing the rate of DNA synthesis with a simultaneous decrease in antioxidant armoury (12). Hence oxidative stress, ornithine decarboxylase (ODC) activity and rate of DNA synthesis are used widely as biomarkers of tumor promotion (13). Considering its vast pharmacological potential, we evaluated the mechanism by which asafoetida inhibits early events of tumorigenesis. In the current investigation, we report the antioxidant potential of asafoetida and as the inhibitor of 12-o-tetradecanoyl 13-phorbol acetate (TPA), (a known tumor promoter)- induced ODC activity and DNA synthesis in mice skin.



Materials and methods Chemicals Reduced glutathione (GSH), oxidized glutathione (GSSG), nicotinamide adeninedinucleotide phosphate reduced (NADPH), bovine serum albumin (BSA), 1,2,dithio-bis-nitrobenzoic
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acid (DTNB), 1,chloro, 2,4,dinitrobenzene (CDNB), phenylmethylsulfonyl fluoride (PMSF), pyridoxal 5-phosphate, nitroblue tetrazolium (NBT), 12-O-tetradecanoyl phorbol-13-acetate (TPA) were obtained from Sigma Chemicals Co (St.Louis, MO). [3H]thymidine and DL[14C] ornithine were purchased from Amersham corporation ( Little Chalfort, UK). Plant material The latex (oleo-gum resins) was purchased from Saiba Industries, Bombay, India. The identity of plant material was verified by Professor Mohammed Iqbal, Medicinal Plant Division, Department of Environmental Botany, Hamdard University, New Delhi. Preparation of extract The extraction procedure was exactly the same as described earlier (14). Briefly, plant material (200g) was repeatedly extracted in 4000 ml round bottom flask with 2000 ml solvents of increasing polarity starting with petroleum ether, benzene, ethyl acetate, acetone, methanol and double distilled water. The reflux time for each solvent was 4h. The extracts were cooled at room temperature, filtered and evaporated to dryness under reduced pressure in a rotatory evaporator (Buschi Rotavapor). The residues yielded for each solvent (7, 3, 10, 15, 5 and 4 g respectively) were stored at 48C. The acetone soluble fraction was used for further study after preliminary in vitro tests. Animals Eight week old adult female Swiss albino mice (20–25 g) were obtained from the Central Animal House Facility of Hamdard University, New Delhi and were housed in a ventilated room at 30 8C under a 12-h light / dark cycle. The mice were allowed to acclimatize for one week before the study and had free access to standard laboratory feed (Hindustan Lever Ltd., Bombay, India) and water ad libitum. The dorsal skin of the mice was shaved with an electric clipper (Oster A2) followed by the application of hair removing cream (Anne French, Geoffrey Manners, Bombay, India) at least 2 days before treatment. Only mice showing no signs of hair regrowth were used for experiments. Experimental protocol To study the effect of pretreatment of animals with Asafoetida on TPA-mediated cutaneous oxidative stress, 30 male mice were randomly allocated to five groups of six mice in each. The animals of group I received a topical application of acetone (0.2ml/animal) and served as control. Groups III, IV and V received a single topical application of asafoetida at a dose level of 300, 400 and 500 mg / 200 ml / animal respectively in acetone. One hour after the treatment of asafoetida the animals of groups II, III, IV and V received a single topical application of TPA (20nmol /animal / 0.2 ml acetone). All these mice were sacrificed by cervical dislocation 12h after TPA treatment and skin were removed quickly and processed for subcellular fractionation by the method as described earlier (14). To study the effect of pretreatment of animals with Asafoetida on TPA mediated induction of cutaneous ODC activity, 30 male mice were randomly allocated to five groups of six mice in each. The animals of group I received topical application of acetone (0.2ml /animal) and
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served as control. The animals of groups III, IV and V received single topical application of Asafoetida at the dose level of 300, 400 and 500 mg / 200 ml acetone / animal respectively in acetone. One hour after the treatment of Asafoetida, the animals of groups II, III, IV and V received a single topical application of TPA (20 nmol / 200 ml acetone / animal). All these mice were sacrificed 6h after TPA treatment by cervical dislocation. The skin were quickly removed and processed for sub cellular fractionation as described earlier (14). For studying the effect of pretreatment of animals with Asafoetida on TPA-mediated [3H] thymidine incorporation in cutaneous DNA, the experimental protocol was exactly identical to that described for ODC activity. One hour after the last treatment of Asafoetida or acetone, the animals of groups II, III, IV and V received single topical application of TPA (20nmol / animal / 0.2 ml acetone). 18 h after the treatment with TPA or acetone, the animals of all groups were given [3H] thymidine (20 mCi /0.2ml saline / animal) as an i.p. injection and they were killed after 2h by cervical dislocation . Their skin tissues were quickly removed, cleaned free of extraneous material and homogenized in cool distilled water for its further processing and separation of DNA. Tissue preparation The post mitochondrial cellular supernatant (PMS) and cytosolic fraction were prepared as per our previous published method (14). Biochemical estimations The,glutathione S-transferase, glutathione reductase, glutathione peroxidase, catalase activity hydrogen peroxide and reduced glutathione level in skin was determined by our earlier published method (14). Assay for protein carbonyl Assessment of protein carbonyl is a measure of protein oxidation. The protein carbonyl level was estimated by the method of Levine et al (15). Assay for xanthine oxidase The xanthine oxidase activity was estimated by the modified method of Stripe and Della Corte (16). Assay for quinone reductase The cutaneous quinone reductase activity was estimated by our earlier published method (17). Assay for ornithine decarboxylase activity ODC activity was determined using epidermal 100000 3 g supernatant fraction by measuring the release of 14 CO2 from the DL [14 C] ornithine by the method of O’Brien et al as described by Iqbal et al (5).
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Quantitation of epidermal DNA synthesis The isolation of cutaneous DNA and incorporation of [3H] thymidine in DNA (a measure of rate of DNA synthesis) was done by the method employed by Iqbal et al (5). The amount of DNA was estimated by diphenylamine method of Iqbal et al (5). The amount of [3H] thymidine incorporated was expressed as dpm / mg DNA. Protein estimation The protein concentration in all samples was determined by the method of Lowry et al as described earlier (14). Statistical analysis The level of significance between different groups was based on Dunnet’s t-test followed by analysis of variance. Result Results are depicted in Table 1–2. While a significant decrease in the level of glutathione, glutathione peroxidase, glutathione reductase, catalase, glutathione S-transferase and quinone reductase was observed in mice skin following the topical application of TPA, the cutaneous xanthine oxidase, ornithine decarboxylase, hydrogen peroxide generation, protein carbonyl content (measure of protein oxidation) and the rate of DNA synthesis showed a significant (p,0.05) increase in activity and level. However, the pretreatment of animals with asafoetida caused a dose dependent recovery in the level and activity of cellular antioxidants viz., glutathione, glutathione reductase, glutathione peroxidase and catalase ranging from 30–60 %, 14–50%, 18–41 % and 10–32 % respectively as compared with TPA treated control animals (Table 1). The pretreatment of animals with asafoetida also caused a significant recovery in the activity of phase II enzymes viz., glutathione S-transferase and quinone reductase dose dependently (Table 1). The pretreatment of animals with asafoetida significantly (p,0.05) reversed the protein oxidation (Table 2). The recovery of phase II enzymes ranged from 16–27 % and 19–34 % respectively as compared with TPA treated control (Table 1). The effect of pretreatment of animals with Asafoetida on TPA-mediated induction of cutaneous ODC activity, xanthine oxidase activity, hydrogen peroxide generation and [3H]thymidine incorporation in cutaneous DNA is shown in Table 2. Treatment with TPA alone resulted 6 fold, 2.0 fold ,0.5 fold and 2.5 fold increase in cutaneous ODC activity, xanthine oxidase activity, hydrogen peroxide generation and [3H]thymidine incorporation in cutaneous DNA as compared to acetone treated control animals. The pretreatment of animals with Asafoetida resulted in a significant inhibition of TPA-mediated induction of cutaneous ODC activity, xanthine oxidase activity, hydrogen peroxide generation and [3H]thymidine incorporation in a dose dependent manner as shown in Table 2. The recovery ranged from 10–33 %, 45–94 %, 10–34 %, and 30–85 % respectively as compared to TPAtreated control (Table 2).
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Table 1 Effect of pretreatment of animals with Asafoetida on TPA-mediated depletion in cutaneous antioxidants i.e., reduced glutathione (GSH), glutathione peroxidase (GPX), glutathione reductase (GR) Quinone reductase and catalase (CAT) in mice



Treatment groups



GST (nmol CDNB conjugate formed /min / mg protein)



GSH(nmol GSH /g tissue)



Acetone treated (0.2 ml/animal)



190.0 6 8.0



2.0 6 0.1



TPA treated (20nmol/0.2 ml acetone/animal) Asafoetida (300mg/ 200ml acetone/ animal) 1 TPA (20 nmol)



GR(nmol NADPH oxidized / min/ mg protein)



QR (2,6,dichloro CAT(nmol H2O2 indophenol consumed / reduced /min / min / mg mg protein) protein)



54.0 6 3.0 110.0 6 9.0 130.0 6 10.0



250.0 6 11.0



120.0** 6 11.0 0.5** 6 0.15 25.0** 6 3.0 35.0** 6 3.0 65.0** 6 8.0 110.0** 6 9.0



150.0† 6 7.0



Asafoetida (400mg/ 200m ml acetone/ animal) 1 TPA (20 nmol) 165.0†† 6 8.0 Asafoetida (500mg/ 200ml acetone/ animal) 1 TPA (20 nmol)



GPX(nmol NADPH oxidized / min / mg protein)



0.95† 6 0.12



90.0† 6 6.0



135.0† 6 7.0



1.4†† 6 0.08 40.0†† 6 3.0 65.0†† 6 7.0 100.0† 6 5.0



155.0†† 6 9.0



170.0†† 6 11.0 1.7†† 6 0.1



35.0† 6 2.0



50.0† 6 5.0



47.0†† 6 4.0 90.0†† 6 9.0 110.0† 6 7.0



190.0†† 6 8.0



Each value represent mean 6 SE, n56, ** represents p , 0.01 compared with the corresponding value for acetone treated control. † represents p , 0.05 compared with corresponding value for treatment with TPA alone. †† represents p , 0.01 compared with corresponding value for treatment with TPA alone.



Discussion The central finding in the present study is that Asafoetida suppresses the TPA-mediated cellular oxidative stress, cutaneous ODC and xanthine oxidase induction, and rate of DNA synthesis. The treatment with TPA has been reported to induce a variety of changes is murine skin, including dark basal keratinocytes and sustained epidermal hyperplasia, reactive oxygen species formation in epidermis, elevated epidermal cycloxygenase, lipoxygenase activities, elevated epidermal ODC activity leading to increase in polyamine biosynthesis and enhanced DNA synthesis (13). Superoxide ions have been reported to play a major role in the cell proliferation with a concomitant increase in the xanthine oxidase activity during tumor promotion stage of carcinogenesis (18). Most tumor promoters including TPA have been reported to increase the rate of superoxide generation by increasing the xanthine oxidase activity (19). However, in the present study, the pretreatment of animals with asafoetida caused a reversal o in the TPA-induced xanthine oxidase activity in murine skin. Our results are parallel to the past reports that showed TPA treatment causing a depletion in the cellular antioxidant level
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Table 2 Effect of pretreatment of animals with Asafoetida on TPA-mediated increase in cutaneous xanthine oxidase activity, ornithine decarboxylase activity, hydrogen peroxide generation and protein carbonyl content in mice.



Treatment groups



Xanthine oxidase (mg uric acid formed / mg protein)



Protein carbonyl (moles of 2,4,dinitophenyl hydrazine H2O2 generation ODC (pmol [3H]thymidine incorporated / (nmol H2O2/g 14CO2 released / incorporation tissue) hr /mg protein) (dpm / mg DNA) 0.1 g protein)



Acetone treated (0.2 ml/animal)



45.0 6 5.0



250.0 6 8.0



TPA treated (20nmol/0.2 ml acetone/animal)



90.0** 6 7.0



375.0** 6 6.0



Asafoetida (300mg/ 200ml acetone/ animal) 1 TPA (20 nmol)



70.0† 6 5.0



350.0† 6 9.0



Asafoetida (400mg/ 200ml acetone / animal 1 TPA (20 nmol)



55.0†† 6 5.0



315.0†† 6 7.0



Asafoetida (500mg/ 200ml acetone / animal) 1 TPA (20 nmol)



48.0†† 6 4.0



290.0†† 6 9.0



300.0 6 30



200.0 6 20.0



200.0 6 12.0



1800.0** 6 100 450.0** 6 17.0



350.0** 6 15.0



1500.0† 6 110



390.0†† 6 14.0



315.0† 6 12.0



1100.0†† 6 60



325.0†† 6 12.0



290.0† 6 13.0



900.0†† 6 80



280.0†† 6 8.0



255.0† 6 11.0



Each value represent mean 6 SE, n56, ** represents p , 0.01 compared with the corresponding value for acetone treated control. † represents p , 0.05 compared with corresponding value for treatent with TPA alone. †† represents p , 0.01 compared with corresponding value for treatment with TPA alone



(20).In the present study, it was shown that the pretreatment of animals with different doses of asafoetida inhibited the TPA-mediated depletion in cellular antioxidant level and restored most of them approximately to their levels. This suggests that anti-tumor effect of asafoetida may be due to its anti-oxidant potential. Increased generation of hydrogen peroxide has been associated with increased rate of cell proliferation and DNA damage, the pre-requisites of early stages of carcinogenesis (21). Free radicals and other oxidants such as hydrogen peroxide have been reported to damage proteins including vital growth regulatory proteins by introducing carbonyl moiety in the protein molecules. In this study, however, the pretreatment of animals with asafoetida inhibited significantly inhibited the TPA-induced hydrogen peroxide generation and protein oxidation. Thus asafoetida affords protection to cellular macromolecules from oxidant damage. This indicates that the potential of asafoetida to inhibit tumorigenesis may be due to its role as the chemoprotectant against tumor promoter induced-macromolecular damage. The present study shows that topical application of Asafoetida prior to TPA treatment resulted in significant inhibition of TPA-induced cutaneous ODC activity and [3H]thymidine incorporation respectively in a dose dependent manner. A sharp decrease in TPA mediated
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induction in ODC activity and enhancement in [3H] thymidine incorporation with the pretreatment of Asafoetida suggests the anti-proliferative potential of Asafoetida. Further, pretreatment of animals with asafoetida caused a reversal of TPA-induced depletion in phase II enzymes glutathione S-transferase and quinone reductase parallel to the past reports which showed that asafoetida induced glutathione S-transferase activity (11). A wide range of studies has shown that several naturally occurring compounds possess significant anti-tumor promoting activity due to their antioxidant activity. The results in this study are parallel to the our previously published observations where we have shown that many plants possess strong antioxidant potential (6,14,17). The chemopreventive activity of asafoetida may be linked to the presence of phenolic compounds. The principle reported components of asafoetida are d-limonene luteolin and foetidin, a sesquiterpenoid coumarin (22). Limonene and luteolin have been reported as strong antioxidants and anti-tumor agents in many systems (23). The possible mechanisms through which asafoetida inhibited the tumorigenic events are (i) its effectiveness to intercept the free radicals due to presence of phenolic compounds in it, (ii) its effectiveness to induce phase II enzymes such as glutathione S-transferase and quinone reductase and (iii) its effectiveness to inhibit polyamine biosynthesis and DNA synthesis. The exact mechanism by which Asafoetida exhibits anti tumor activity in murine skin is not well known. In summary our data suggest that Asafoetida is an effective chemopreventive agent and capable of alleviating cutaneous carcinogenesis. Acknowledgments The author (SS) is highly thankful to Prof. M. Athar, Head , Department of Medical Elementology and Toxicology for providing the necessary infrastructure to conduct the study.
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