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ABSTRACT

This study was aimed to explore allelopathic effedtaerial parts aqueous extract of Ampelocisatifolia (Roxb.)
Planch. (AAEAL) in terms of cytological and morpigital alterations in root apical meristems. Allphthic
effects of AAEAL was studied on green gram andnorgot apical meristems by analysing growth retdiola and
/or by scoring mitotic index, colchicine like mehtage arrest and interphase nuclear condensationEAA
treatment showed significant allelopathic effectsterms of growth retardation in green gram andasnapical
meristem cells in a dose dependent manner. In awiontip cells mitotic index reduced after AAEAgatment and
could induce decreased nuclear volume, increasestghase chromatin condensation and various chramad
abnormalities in onion root tip cells. In conclusidt may be said that aerial parts of A. latifolé@ntain water-
soluble effective allelochemicals.
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INTRODUCTION

Allelopathy has been recognised as a vital ecoddgirocess that influences the primary and secgngimt
succession and the structure, composition and digsashi native and cultivated plant communities J1js defined
as any direct or indirect, stimulatory or inhibfonfluence of plants on other plants due to tHel@ahemicals
released into the environment [2]. Allelochemidalsiude phenolics, alkaloids, long-chain fatty aciterpenoids,
flavonoids etc. and play a significant role in agemsystems and affects the seed germination awitlgrquality
and quantity of crop products [2]. Some of thelalbemicals exhibit biological activity and haveebeused in the
pharmaceutical and agrochemical industries [3Thg action of allelochemicals is governed by tipegsence as a
single compound or mixtures. Imbibitions, seed deation, seedling growth and morphological altenatiare
widely considered for determining the allelopathéctivity of plant products. Physiological effectd o
allelochemicals include inhibition of photosynttsesispiration and enzymatic activities [2].

Ampelocissus latifoligRoxb.) Planch(Family: Vitaceae), native to Indian subcontinentuised extensively for its
medicinal values [5-8]. Recently antibacterial, i@xitdant [9, 10], cytotoxic and phytotoxic [11] and
antiproliferative activities oA. latifolia have been reported [12]. This plant exhibits-arftammatory activity due
to its inhibitory effect on histamine kinin and ptaglandin release [13]. Acetogenins like 22-epidsifin,
uvaribonin and chalcone isolated from the root dilllippine Ampelocissusshowed significant cell growth
inhibitory activity against a panel of human cancelt lines [14].

The use of synthetic chemicals for controlling untea herbs or weeds is one of the most effectivéhods.
Indiscriminate use of synthetic chemicals is camtimsly being phased out because of their advefsetgfon the
environment. As a result, the use of plant secondaetabolites as herbicide or weedicide is gaimegewed
interest. At the present state of knowledge allefbic activities ofA. latifolia are not studied. Hence, the objective
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of the present study was to evaluate the allelopatfects of AAEAL through simple laboratory bisays and to
explore its cytological and chemical basis. Hehe, phytotoxic, antiproliferative and cytogenotogiffects were
considered as the underlying allelopathic modectbas and were correlated with its total phenolics

MATERIALS AND METHODS

2.1 Chemicals
Glacial acetic acid, orcein and methanol were olethifrom BDH chemicals Ltd., UK. Other chemicalsdisn the
study were of analytical grade from reputed martufaes.

2.2 Plant products collection, storage and extragireparation

Fresh aerial parts @A. latifolia were collected from Burdwan University campus, YW@sngal, India. This plant
species was taxonomically identified by Dr. Amblariukherjee (Taxonomist), Professor, DepartmerBatany,
the University of Burdwan. The voucher specimens.BUGBAC012) are maintained in the department fauarfe
reference.

Collected plant materials were washed in tap watesde dried, directly crushed into small pieces faliowed to
pulverise using electric grinder (Philips Mixer @aer HL1605). Ground powder was stored in air tiginitainer
for future use.

Twenty grams of dried powdered plant material wetsagted in 400 ml of distilled water for 6 h abwsi heat (50
C) in water bath. At the end of 6 h extract wéterfed through No. 1 Whatm@ilter paperand stored at -2 for
further use.

2.3 Experimental plants

Green gram\{igna radiatg seedlings and onio\(ium cepag roots were used as experimental plant modelsiGre
gram seedlings were used for root growth retardagissay. Onion roots were used for cytometric, miosmmal
aberrations and cell cycle kinetics analyses.

2.3.1 Culture and treatment of green gram seedlings

Green gram seeds were surface sterilized with Io@tum hypochlorite solution for 2 minutes and wakheth
distilled water vigorously for ten minutes and aléml for germination in dark at 2522 on wet filter paper in glass
Petri dishes, containing different concentratich%, 0.5, 1, 2, 4 and 5 mg/ml) of AAEAL, covenedh another
Petri dish. Seedling lengths were recorded at.9®ry distilled water was used as culture mediomuntreated
control seedlings.

2.3.2 Culture and treatment of onion roots for cyttogical analysis

Onion bulbs were collected from local market armdilsir sized bulbs were allowed for root sproutingést tubes.
The 48 h aged onion root meristem cells were exptséwo different concentrations (0.5 and 2 mg/oflAAEAL
for 2, 4, 6, 12 and 24 h. The untreated roots weaéntained simultaneously in distilled water. Rbps were
processed and squashed for light microscopic asabs described earlier [11]. The frequency of emsed
interphase nucleus and mitotic index depressionslation to the untreated controls were calculated

2.4 Scoring and Statistical analysis

Green gram seedlings growth was recorded and thatigmetardation percentages were calculated. Tferehce
between the untreated and treated groups for #ndlisg lengths and cytometric variations were asedlywith the
Student’s t test. Differences between correspondorgrols and exposure treatments were considdadidteally
significant at

p <0 .001.

RESULTS

3.1 Green gram root growth retardation

Data clearly indicate that AAEAL could induce dasependent growth retardation on green-gram seedlifige
growth inhibition was calculated as 30, 31, 38, 32, 62% respectively for the concentrations 0®5, 1, 2, 4, 5
mg/ml of AAEAL at 96 h(Table. 1).

3.2 AAEAL induced cyto-metric variation in onion root tip cells
Light microscopic study on AAEAL treated onion rotip cells revealed increased percentage of comdins
interphase cells (0.91, 3.24, 4.36, 4.87% aftatinent with 0.5 mg/ml of AAEAL and 8.67, 12.39, 24, 17.87%
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after treatment with 2 mg/ml of AAEAL for 2, 4, 84 h respectively as compared to control groupshviniere
0.60, 1.16, 0.95, 1.42% for the aforesaid hourpeetively (Figure. 1, 2). The extract also induckede and time
dependent reduction in cellular length and nuctéameter (Table. 2).

Table. 1 Pooled data showing AAEAL induced green gm seedlings growth retardation effect

AAEAL Seedling Length (cm)
Concentration (mg/ml)  Range  (Mean + SEM) Inhibition %
0.00 3.7-235 13.30+1.58 00
0.25 1.1-20.9  09.22+2.06 30
0.50 0.7-185  09.12+1.74 31
1.00 1.0-185  08.19+1.71 38
2.00 0.6-15.3  07.64x1.06 42
4.00 0.2-15.0  06.10+1.36 54
5.00 0.4-12.8  05.21+1.15 62

™ Significant at p < 0.001 with Student’s t- test.

3.3 AAEAL induced c-metaphase formation in onion rot apical meristems:

AAEAL (0.5-2 mg/ml; at 2-6 h) induced high frequgnof c-metaphase (haphazardly arranged shorter and
condensed chromosomes) in onion root tip cells,reviige frequency was maximum (84.44% c-metaphasetalf
metaphase cells) at a concentration of 2 mg/miratFigure.1, 3)

Figure 1. Photomicrographs showing AAEAL induced inerphase chromatin condensation and c-metaphse imimn root tip cells. A-B
(untreated control) and C-K (AAEAL treated) squashel and aceto-orcein stained onion root tip cells. Asquashed root apical meristem
cells showing normal characteristics of cell cyclphases, B; ideal metaphase chromosome arrangeme@t, G and K; AAEAL (2.0 mg/ml)
induced c-metaphase, D, E and F; respectively for, 8 and 12 h at 0.5 mg/ml AAEAL treated and H, | ad J; respectively for 2, 6 and 12
h at 2.0 mg/ml AAEAL treated
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Figure 2. Showing AAEAL induced condensed interphasnucleus % in onion root tip cells
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Figure 3. Showing AAEAL induced c-metaphase % in oion root tip cells

Table. 2 Pooled data showing the influence of AAEAbN nuclear diameter and cell length of onion rootip cells

- ND(um) CL(um) ND/CL
Dose (mg/ml)  H  CS Range MeantSEM Range Mean+SEM Range Mean+SEM
0 4 63 12-30 20.92+0.41 28-70  39.47+0.94 0.33-0.7 0.54+0.01
0.5 90 6-27 14.77+0.38 18-63 31.65+0.78 0.26-0.74 0.48+0.01
2.0 83 10-18 13.20+0.71 20-37  28.69+0.44 0.31-0.60 0.47+0.01
0.5 6 80 10-21 15.22+0.30 20-49  35.28+0.80° 0.21-0.67  0.44%0.01
2.0 48 11-20 14.15x0.78 24-57  34.83+0.9%4 0.26-0.58 0.42+0.01
0.5 24 66 9-21  13.98+0.35 22-56  34.03+0.83 0.23-0.65 0.42+0.01
2.0 80 5-18 13.21+0.78 19-53  33.15+0.80° 0.17-0.61 0.40+0.01
™ Significant at p < 0.001 as compared to their retjye control with Student’s t- test. H; Hours, GXlls scored, ND; Nuclear diameter, CL;
Cell length.
DISCUSSION

Allelochemicals are secondary metabolites or natpraducts that help to regulate the structure tEnp
communities [1]. It may be present in all plantamg but their quantities vary from one organ totlagio[15, 16].
The chemical exudates from allelopathic plants mayital role in the allelopathic action. In theepent study
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allelopathic activity of aerial parts aqueous estisafA. latifolia (AAEAL) was evaluated to explore the underlying
allelopathic mode of actions.

AAEAL showed allelopathic potential in terms of seedliggpwth inhibition, delayed cell cycle kinetics,
chromosomal and nuclear abnormalities. In the ahiéixperiments, a wide range (0.25-5 mg/ml) of AAEA
concentrations were used for morphometric bioassaygreen gram seedlings and onrolts, and finally two
concentrations 0.5 and 2 mg/ml were selected ftolagical analysis on onion root tip cells. The AAEtreatment
could significantly reduce the lengths of greenngrseedlings in a dose dependent manner. Growthdetian
percentage increased from 30 to 60% for increasedentration from 0.25 to 5 mg/nmp<0.001) (Table. 1). The
phytotoxicity and alleopathic effects of plant extis in terms of seedling growth inhibition are vaglcumented in
the literature [16, 17]. This can be attributedhe fact that seedling growth is characterized gy Imetabolic rates
and are therefore highly susceptible to allelocleaisi[18].

In our previous study we have shown AAEAL inducedtrmorphological and cytological alterations likdtening,
swelling, atrophication of root hairs in the trehteheat seedlings as compared to untreated comtraistained in
distilled water [11]. Our study also indicatedyfitoxic, cytogenotoxic and antiproliferative pdiais of leaf
agueous extracts @f. latifolia where mitotic index depression bioassay on oniah apical meristem cells revealed
that the AAEAL treatment could reduce the mitotimléx. Such a dose dependent reduction in mitotiexn
percentage suggested that the exposure of AAEADbdbapical meristem cells led to cytotoxic stressluction in
cell numbers entering into mitotic cycle and aljether increased interphase cell frequency [11, M@feover,
increased cumulative frequency of prophase-metapaad decreased cumulative frequency of anaphbgsibse
indicate AAEAL induced delayed cell cycle kinetiosonion root apical meristem cells [12]. Levinst introduced
onion root tip assay and later it was proposed stmdard method to study toxicity of the toxicaii-23]. A
number of earlier studies have also suggestedthieakevel of growth inhibition increases with inaséng extract
concentrations [11, 24, 25]. Our present studycaigis, dose-and time dependent increased conderieguzhase
cell frequency, where the percentage (17.87%) uglselt at 2mg/ml at 24 h (Figure. 1, 2). Light rosxopic study
on AAEAL treated onion root tip cells also reveatbd presence of interphase cells with reducedeandiameter
that supports the phenomenon of AAEAL induced afiathicantiproliferation in meristem cells (Figure. 1, Tab
2). Furthermorethe light microscopic study also revealed that AfEAL treatment could induce formation of
higher frequency of c-metaphase (84.44%) than nlometaphase (15.56) and which might have occurresltd
the microtubule disruption (Figure. 1, 3). Microtid disrupting agents arrest the cells in mitosistriggering
activation of a mitotic check point, which ensuagsurate attachment of chromosomes to the mitpiidte, before
entering into anaphase. When drug treatment camse®tubules to fail to attach to the kinetochorestotic
checkpoint continues to generate signals that inhiletaphase to anaphase transition leading tophate arrest
and induction of c-metaphase [26, 27].

In our previous study detailed phytochemical pho§il of AAEAL was done and revealed the presenceacious
phytoconstituents like phenolics, tannins, flavaispianthraquinones, saponins, alkaloids, carboltegirglycosides
and terpenoids and also indicated that AAEAL cimsthigher percentage of phenolics [12], which roagtribute
in these allelopathic activities. Among various fithemicals, phenolics are the most abundant sutedathat
affect seedling growth and cell division [28, 28tal phenolics in AAEAL was also determined (203 %) as
tannic acid equivalents on dried extract matteisja£].

Therefore, the novel findings of the present stady/the exploration of allelopathic potentials KBAL, wherein
the antiproliferative, cytogenotoxic and phytotozittivities are the underlying principle of thigigity and which
may occur due to the presence of polyphenolicsARAL.

CONCLUSION

In conclusion, the AAEAL possess significant alfgthic potentials where the interphase chromatirdensation,
chromosomal aberrations, microtubule disruptiomyt@toxic and cytotoxic activities were possibly thnderlying
mechanisms of allelopathic interactions. THRudlatifolia may hold future prospect as a biological herbicatzd
weedicidal agent.
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