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ABSTRACT

Use of natural bioactive agents obtained from tamhiaprocessed polysaccharides as growth promstithgtances
is an emerging technology to exploit full genetitgntial of crops in terms of growth, yield, andatity of plants. A

pot experiment was carried out to investigate tfiects of foliar application of depolymerised forofi gamma
irradiated (520 kGy) irradiated carrageenan (IC)goowth (shoot and root lengths, leaf area, freghdry weights
of plants), physio-biochemical attributes (conteftchlorophyll and carotenoid, nitrate reductasel aarbonic
anhydrase activities and leaf -N, -P and —K coitentl the alkaloid production @atharanthus roseus (L) G. Don,

a medicinal plant. Aqueous solutions of differeabcentrations (0, 10, 50 and 100 ppm) of IC werayed seven
times on foliage, using unirradiated carrageena@)(bind deionized water as control. Application 6ffgpm IC

significantly increased thgrowth and thehysio-biochemical characteristics. The IC (50 pprextmentlso

increased the total alkaloid content in leaves r@uds by 36.8% and 38.8%, respectively. This temqpimmiof foliar

spray of IC may be employed to improve the perfaroeaof plant including the alkaloid production whis of

great medicinal values.

Key words: Catharanthusroseus, anticancer alkaloids, irradiated carrageenanytroyield.

INTRODUCTION

Madagascar periwinkl€atharanthus roseus (L) G. Don) belonging to the family Apocynaceaeaisvell-known
perennial medicinal herb. More than 130 alkaloidsveh been isolated from different parts of this plan
[1].Vinblastine and vincristine are the importaiadoids extracted from this plant which inhibitetigrowth of
certain cancer-forming cells [2]. The antineoplastlkaloids (vincristine and vinblastine) are mgipresent in
leaves and antihypertensive alkaloids (ajmalicieepentine and reserpine) are found in roots.

It is now well documented that oligomers obtainednf radiolytically degraded polysaccharides havédva
applications in the field of agriculture, as plandbwth promoter [3] and they have ability to trigglee plant defense
responses [4]. The needs of increasing the praztuct plant derived alkaloids are cost effectivel #ims method
becomes more important for the increase in thel@tkgroduction. Keeping the medicinal value @froseus in
mind, the increase total alkaloid content and rsdpctivity is most desirable. The present studys weerefore
carried out to find out whether the foliar applioatof gamma-rays degraded carrageenan (carragedigamers)
could increase the growth and physio-biochemicara&tteristics and also the changes in its alkajaedd in
different parts of the plant. To our knowledgestts the first ever report where, a detailed efidajamma IC has
been carried out at morphological, physiologicalchemical and alkaloid level i@. roseus.
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MATERIALS AND METHODS

Experimental material

The authentic and healthy seedsQatharanthus roseuswere procured from Central Institute of Medicinalda
Aromatic Plants (CIMAP), Lucknow, India. The expeent was conducted in simple randomized block deiig
earthen pots (25 x 25 cm) in the natural envirortalaronditions inside the net house of the Depantroé Botany,
Aligarh Muslim University, Aligarh (27° 58l latitude, 78° 5 longitude, and 187.45 m altitude).

Carrageenan Treatment

Different concentrations of gamma IC solution [Qvpfcontrol), 10 ppm, 50 ppm, 100 ppm together wlitn UC]
were employed. Each treatment was replicated fioues, and each replicate pot carried one plantw@&rand
biochemical attributes were determined at 90 ddtgs alanting. Solid material of k-carrageenan (8igAldrich,
USA) was sealed in a glass tube with atmospheric ai

Gamma Rays Exposure

The samples of carrageenan were irradiated in C&&Mma Chamber, GC-5000 supplied by BRIT, Mumbai,
India, at a dose rate of 2.4 kGy/h. The samplegweadiated at 250 kGy. Different aqueous conegians of IC
were finally prepared as spray treatments usindpléodistilled water.

Effect of Gamma rays on Morphological behaviour

The effect of gamma rays was evaluated at morpladbtevel in terms of length of shoot and roottleé plant in
centimetre. The clean and blot-dried plants wesslus record shoot length and then they were ovietta@t 86C
for 48 h to determine the plant dry weight.

Chlorophyll Estimation

Total chlorophyll and carotenoids contents in fresdves were estimated using the method of [5]. fié®h tissue
from interveinal leaf area was grinded using mepiastle containing 80% acetone. The optical derf€iy) of the
pigment-extract solution was recorded at 662 ar&lrg4 (for the contents of chlorophyll a and b, sxtjvely) and

at 470 nm (for carotenoids content) using a sppbotometer (Shimadzu UV-1700, Tokyo, Japan). The
photosynthetic pigments were expressed as Trig\y.

Nitrate reductase activity
The nitrate reductase (NR) activity was estimatgdhie intact tissue method given by [6]. The metioHdased on
the reduction of nitrate to nitrite as per thedaling biochemical reaction

NO; + NADH + H* "*_, NQ + NAD' + H,0

The nitrite formed was determined spectrophotonieztlly. 200 mg of fresh chopped leaves were transfeto
each of the plastic vials containing the reactiartane [2.5 mL of phosphate buffer (pH 7.5), 0.5 mf.0.2 M
potassium nitrate solution and 2.5 mL of 5% isoprug], and then incubated for 2 h in dark a(@0To 0.4 mL of
the incubated mixture, 0.3 mL each of 1% sulphanide and 0.02% N-(1-naphthyl)
ethylenediaminedihydrochloride (NED-HCI) was add€&He test tubes were kept for 20 min at room teatpes
for maximum colour development. The OD of coloredluson was recorded at 540 nm using the
spectrophotometer. The NR activity was expressedvablO, g FW H'.

Carbonic anhydrase activity

The activity of carbonic anhydrase (CA) was deteadiin the fresh leaves using the method of [7). 2@ of fresh
leaf tissue was transferred to petri plates, foldwy incubation of the leaf tissue in 10 mL of ®f2cystein
hydrochloride solution for 20 min at 4°C. Thereafté mL of 0.2 M sodium bicarbonate solution ang 6L of
0.02% bromothymol blue was added to the homogefi&ie reaction mixture was titrated against 0.05@! Hising
methyl red as indicator. CA activity was expresas@iM CQ kg* leaf FWSs".

Estimation of leaf nutrient contents

Leaf samples, taken from each treatment at 90 aftgs sowing (90 DAS), were digested for the estiomaof leaf-
N, -P and -K contents. The leaves were dried iotaalr oven at 80°C for 24 h. The dried leaves vgeneded using
mortar-pestle, followed by passing the contentubtoa 72 mesh to get a fine leaf-powder. 100 mthefleaf-
powder was carefully transferred to a digestioretubo it, 2 mL of AR (analytical reagent) grade cemntrated
sulphuric acid was added. The mixture was heatea temperature-controlled Kjeldahl assembly at 8@tGbout
2 h and then cooled for about 15 min at room teatpee. To it, 0.5 mL of 30% hydrogen peroxide@s) was
added drop by drop, followed by heating the conggmtly. This step was repeated until the contéthe digestion
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tube turned colorless. The peroxide-digested lesenal (aliquot), thus prepared, was used to edgénper cent
content of N, P and K in the leaves on dry weigdi.

Estimation of Leaf Nitrogen content

Leaf-N content was estimated in the aliquot aceaydod the method of [8] with a slight modificatiomade by [9]. A
10 mL of the aliquot was poured into a 50 mL voltmceflask, followed by additions of 2 mL of 2.5 dbdium
hydroxide and 1 mL of 10% sodium silicate solutiaomerder to neutralize the excessive acid andgmeturbidity,
respectively. A 5 mL aliquot of this solution wasyped into a 10 mL graduated test tube and therbanl of
Nessler's reagent was added. Regarding estimatiolea-N content, the optical density of the saatiwas
recorded at 525 nm, using the spectrophotometer.

Estimation of Leaf phosphorus content

The method of [10], with a slight modification, iatluced by [11], was used to estimate the leafiRect in the
aliquot. A 5 mL of the aliquot was poured into a ml. graduated test tube, followed by additions afll of
molybdic acid (2.5%) and 0.4 mL of l-amino-2-namii-sulphonic acid. The content was kept at room
temperature for color development, followed by makihe volume up to 10 mL with double distilled amatThe
OD of the solution was recorded at 620 nm for Rafstimation, using the spectrophotometer.

Estimation of Leaf Potassium content

Potassium content in the aliquot was determinedrdang to [12] with the help of a flame-photome{€150,

AIMIL, India), using a specific filter for K emissh spectrum. The test solution (aliquot) was disglad through
an atomizer in the form of a fine mist into a chamlwhere it was drawn into the flame. Combustibthe element
(potassium) produced light of a particular wavetenfg max for K = 767 nm (violet)]. The light producechsv
passed through the appropriate filter to impingerup photoelectric cell that activated a galvanemigtading to a
digital display of the potassium content in thef s per the emission spectrum constructed.

Total alkaloid contents

Total alkaloid contents were estimated as describefl3] in the dry leaves/ roots powder. 500 mghad fine
powder of leaves/roots was taken in a 100 ml rdumitbm flask , to this known volume of ethyl alcbla@s added
and the mixture was refluxed for 6 hours .The mixtwas then filtered and a 50 ml of diluted HCL veasled to
the filtrate. The mixture was transferred to a safag funnel to which 50 ml of diethyl ether waddad. The
mixture was again transferred into a separatingduwith 50 ml of diethyl ether layer was decanted.the decant,
anhydrous solution carbonate was added. The mixta® again decanted in a reweighed dry porcelah dnd
evaporated till dryness. The weight of this poricetiish was then taken again.

Data Analysis

The data were analyzed statistically accordingat@momized block design using SPSS-17 statistidalvare (SPSS
Inc., Chicago, IL, USA). Mean values of the reswtre statistically compared using Duncan’s Mudtiflange Test
(DMRT) atP<0.05.

RESULTS

Growth characteristics

Foliar application of various concentration of I&yped better than control in terms of growth atités (Table 1).
Application of 50 ppm of IC proved better than ath@ concentrations. It significantly increased #i®ot length
(19.71%), root length (26.5%), leaf area (79.23%gsh (28.33 %) and dry (23.80 %) weights of thanpl
respectively when compared to the water sprayettaqgniants.

Photosynthetic pigments

Of the tested concentrations (0, 10, 50 or 100 ppm)C, 50 ppm showed the maximum increase in the
photosynthetic pigments. As compared to the corgral Un 10, foliar spray of IC at 50 ppm signifitgn(P <
0.05) enhanced the total chlorophyll (13.3 %, 1%pand carotenoid (10.70 %, 8.69 %) contents, #itre it
declined respectively. Similarly, the applicatid/€, proved better over control but was less efieecthan IC at 50
ppm (Table 2).

NR activity

Foliar spray of IC applied at different concenwas (0, 10, 50 or 100 ppm) showed a significdht<(0.05)
difference in NR activity. A linear increase in NiRtivity was noticed from control to 50 ppm (IC)owever, foliar
application of 50 ppm of IC enhanced the NR (242316.38 %) enzyme activity as compared to coranal UC
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(Table 2).In addition to this, UC proved best otle water sprayed control, but less effective wb@mpared with
IC 50 ppm respectively.

CA activity

Like the NR activity, The activity of CA was alsoogitively affected by the IC application. Of thested
concentrations of carrageenan maximum CA activit®.q2%) was reported from IC 50 ppm treated plant,
thereafter, it showed decline at IC 100 ppm respelgt when compared to water sprayed control plants
significant @ < 0.05) variation in CA activity against differeméatments has been shown in table 2

Leaf NPK content

Table 2 showed the variation in NPK content quétifrom treated and untreated plants at 90 DAPewsvely. A
linear progressive increase in NPK values with itherease of IC concentration was noticed up to pth @as
compared to control and Un 10, thereafter, it sthito decline significantlyR < 0.05).Therefore, amongst the
different concentration of IC, 50 ppm proved tohighly effective for the enhancement of N, P anddfitent by
13.17 %, 10.87 % and 14.79 % respectively when ewewpto water sprayed control plants (Table 2).

Alkaloid content

Foliar application of IC also altered the total atkd content and its yield when compared with omnand

untreated carrageenan in leaf and root€aiharanthus plants at 90 DAP respectively. A linear increasealkaloid

content in both leaf and roots was noticed witlréasing IC concentration, but this enhancementomfsreported
up to 50ppm IC, thereafter, it declined. Fig. 1\wimg a comparative account of total alkaloid yigideaf and roots
grown under different concentrations. Maximum tattkdaloid content was isolated form root respedtyi€ig. 1).

In terms of percent, the 50 ppm IC increased thalad content by 36.8 % in leaves and 38.8 % imisavhen
compared to the water sprayed control plants.

DISCUSSION

From the present study it is observed that thefdpray of IC exhibited significant effect to impe the growth
attributes as compared to the water sprayed plémglication of 50 ppm of IC significantly amelidgesd shoot
length, root length, fresh and dry weight of thanpl The plant growth enhancement might be du€tintluced
changes in the processes like cell division, céfeéntiation and morphogenesis [14,15]. Thesalltssare in
agreement with those who has reported the folipliegtion of IC increased all growth attributesémnel [16]. The
growth-promotingeffects of degraded natural polgbacides on growth and yield characteristics ofotar crops
have been reported by several other workers [17,12820, 21]. Moreover, the plant growth promotiffect of
polysaccharides including alginates, carrageenahchitosan in their depolymerised form has alsonbeeved
recently by various authors [22, 23, 16].

Application of deploymerised form of carrageena@)(lat 50 ppmincreased total chlorophyll and caraitén
contents at 90 DAP as compared to the control.inerg in the chlorophyll content due to applicatadiC might
be ascribed to a favorable effect of IC applicatonphotosynthesis as well as on the overall gradfiine plantin

fact, various workers have reported positive effecirradiated sodium alginate (ISA) regarding misyinthetic
pigments and rate of net photosynthesis [23,24@1,1

The CA enzyme is one of the most abundant zincatoinig protein in plants. It has an active rol@hotosynthesis,
which is evident by its presence in all photosysthieg tissues. It catalyzes the reversible hydratif CQ to
carbonic acid, thereby increasing the availabiityCO, to Rubisco in photosynthesis [25]. The applicatdénC at

50 ppm proved optimum for the CA activity. Such lanp response to IC application is expected because
deploymerised natural polysaccharides have beeartegpto increase the stomatal conductance signitfig [16],
which might facilitate the diffusion of additionaimounts of C@through the stomata to be acted upon by CA,
resulting in the enhanced CA activity. Further,rabable reason for the enhancement of CA activityict be the
IC-mediatedde novo synthesis of CA, which might involve transcriptitvanslation of the genes associated as has
been reported for other degraded natural polysaicdsa[26]. Expectedly, the enhancement of CA dgtiin the
IC-treated plants might be responsible for the ankd rate of C@fixation (not measured in this study) that could
have resulted in significant increase in fresh drnydweights of the plants.

Leaf —N, -P and —K contents were also significaetijhanced by the application of IC 50 ppm. In camfty with
these results, a significant increase in the uptdkihese elements (N and P) at an IC concentratfdsOppm in
Foeniculum Vulgare Mill has been investigated [16] earlier. Such mpact, if IC application could be ascribed to
the IC-mediated increase in overall growth of pdanwhich accordingly demanded for higher uptakethefse
nutrients from the soil, leading to their signifitaaccumulation in the leaves. Moreover, IC, agbké 50 ppm,
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increased the NR activity maximally. N and P mestiancrease in the uptake of various nutrientsthadesultant
increase in the NR activity has earlier been eistladd under normal conditions [27]. Thus, one efrgasons of IC-
enhanced NR activity in this study might be theel@anced leaf-N,-P and —K contents. Thepositivetffe
| C applicationonNRactivityhasalsobeenreportedpreviousbase ofoeniculm Vulgare Mill [16]. Additionally, the
increase in NR activity of plant with increasingrregeenan concentrations in the present investigas in
agreement with the findings reported byAiemisia annua L [23].
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Figure 1: Effect of irradiated carrageenan on totalalkaloid content in leaves (A) and roots (B) o€atharanthusroseus (Each bar
represents means of four replicates + SE). Meanslfowed by the same letter(s) in the histogram notignificantly different (p < 0.05).

Table 1: Effect of irradiated carrageenan on growthparameters ofCatharanthusroseus (Means of four replicates + SE). Means within a
column followed by the same letter(s) are not sigficantly different (p < 0.05).

Irradiated carrageenan concentration (ppm)

Growth Parameters

Water (Control) Un 10 IR-10 IR- 50 IR-100
Shoot length planti(cm) 28.4+0.97 33.0:0.99 34.020.87  36.0+0.88 31.7+78
Root length plant*(cm) 20.0+0.40 18.0+0.48  19.0+0.28  25.3+0.38  15.3+0.44
Leaf area plant® (cn?) 8.86+0.13 12.94+40.2% 13.5+0.38 15.88+0.38 11.93+0.19
Fresh weight plant* (g) 73.4+1.09 79.7#1.17  84.0x1.18  94.2+1.18  84.3+1.14
Dry weight plant (g) 19.28+0.48 19.02+0.46 18.67+0.58 23.87+0.34 20.780.4%

Table 2: Effect of irradiated carrageenan on biochmical parameters ofCatharanthusroseus (Means of four replicates + SE). Means
within a column followed by the same letter(s) ar@ot significantly different (p < 0.05).

Irradiated carrageenan concentration (ppm)
Water (Control) Un 10 IR-10 IR-50 IR-100
Total chlorophyll content 0.99+0.93 1.00+0.95 1.03+0.87 1.12+0.88 1.04+88

Biochemical parameters
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(mg g* FW)

Total carotenoid content 0.271+0.08 0276+051  0.2810.32  0.300£0.32  0.285+0.44
(mg g~ FW)

NR Activity

("M NO> g FWh') 221.6+11.07 235.2+11.15 252.4+18.1% 275.3+13.1%5 256.2+20.12
CA Activity c

[mol COKg™ (FW)s] 4.54+0.43 4.76+0.45 4.93+0.52 5.54+0.43 5.18+0.46
Leaf-nitrogen content 2.96+0.10 297+0.18  3.15:0.68  3.35:0.46  3.19+0.18

(%)

Leaf-phosphorus content
(%)

Leaf-potassium content
(%)

0.322+0.014 0.327+0.017 0.336+0.01% 0.35720.022 0.3430.01%

3.11+0.32 3.16+0.44 3.32+0.36 3.57+0.38 3.35+0.36

According to the previous report the irradiatediradte promoted the alkaloid contentRapaver somniferum[24].

Therefore, an increase in growth and physiologieahmeters of treated plants was expected to iseri@aalkaloid
content. These studies shows that the irradiatggbsdccharides act as the plant elicitors like tplgrowth
regulators (PGRs) and by these RGRfluence the secondary metabolites production].[23s0, the alkaloid
content in plant tissues was affected by the ratbiasynthesis and catabolism and varies with retspe plant
development, diurnal variations, functionally difet parts of plants and environmental factors .[28]present
investigation, exposure of IC 50 ppm enhanced ¢kellof total alkaloids in both leaf and root whmympared to
the other tested IC treatments. Therefore, an &serén the contents of these alkaloids is in acswé with the
known fact that exogenous application of plant gfovegulators evokes the intrinsic genetic potémtighe plant
causing increase in enzyme activities, uptake dofients, enhanced photosynthesis and improved Itreatson of
photosynthates and other metabolites to the reptoduparts [29].

The application of IC resulted in significant imgement in growth, physiological, biochemical atiitidss and
alkaloid contents. Based on the results it candmeladed that 50 ppm proving the best IC concentrah order to
promote physiological and biochemical attributesptaEints and the alkaloids production @ roseus. However,
further investigations are further needed to coimgne the mechanism and mode of action of carragegedved
oligomers in plants.

CONCLUSION

The application of IC resulted in significant imgement in growth, physiological, biochemical atiitidss and
alkaloid contents. Based on the results it candmeladed that 50 ppm proving the best IC conceintmah order to
promote physiological and biochemical attributeplaints and on the alkaloids productiondatharanthus roseus
L. However, further investigations are requiredctimprehend the mechanism and mode of action ohatlg
derived oligomers in plants.

Acknowledgment
The authors are thankful to the Head of the Depamtrof Botany, Aligarh Muslim University, Aligarindia) for
providing necessary laboratory facilities.

REFERENCES

[1] A. Junaid, A. Mujib, M.P. Sharma, Vincristine andnblastine production by biotechnological intervent
LAB, Academic publisher201Q Germany, 220.

[2] J. Stodola, J. Volak, The lllustrated Encyclopaetfiétderbs, Chancellor Press, Michelin House, Lond@92

299.

[3] N. Nagasawa, H. Mitomo, F. Yoshii, T. Kuniglym. Degrad. Sabil. 200Q 69, 279.

[4] P. Potin, K. Bouarab, F. Kupper, B. Kloar€&urr. Opin. Microbiol. 1999 2, 276.

[5] H.K. Lichtenthaler, C. Buschmann In: Current Profsdn Food Analytical Chemistry, (John Wiley andnS,
New York,2001) F4.3.1-F4.3.8.

[6] E.J. JaworskiBiochem. Biophys. Res. Commun.197143,1247.

[7] R.S. Dwivedi, N.S. RandhawRlant Soil, 1974 40, 445.

[8] R.C. LindnerPlant Physiol. 1994 19, 76.

[9]J. Novozamsky, V.J.G. Houba, R. Van Eck, W. Vanky@omm. Soil <ci. Plant Anal.1983 14, 239.

[10]C.H. Fiske, Y. Subba, Row,Biol.Chem., 1925 66, 375.

[11]1.H. Rorison, R.E. Spencer, P.L. Gupta, In: G.A#endry, J.P. Grime (Eds.), Methods in comparatilaatp
ecology (Chapman and Hall, New Yod993 156.

[12]P.M. Hald,J. Biol. Chem., 1946 163, 499.

[13]S.H. Afaq, Tajuddin, M.M.H. SiddiquKlort. Sci., 1994 34, 233.

25
Scholars Research Library



Zeba H. Khanaet al Arch. Appl. Sci. Res., 2016, 8 (4):20-26

[14]J. Larkindale, M.R. Knight?lant Physiol. 2002 128, 682.

[15]M.A., El-Tayeb,Plant Growth Regul.,2005 245, 215.

[16]N. Hashmi, M.M.A. Khan, Moinuddin, M. Idrees, Z.iKhan, A. Ali, L. VarshneyCarbohydr. Polym. 2012
90,407.

[17]M. Natsume, Y. Kamo, M. Hirayama, T. AdacBarbohydr. Res. 1994 258, 187.

[18]L. Relleve, N. Nagasawa, L. Luan, T. Yagi, C. AtianiL.Abad,Polym. Degrad. Sabil.,2005 87, 403.
[19]L.V. Abad, H. Kudo, S. Saiki, N. Nagasawa, M. Tamad. Katsumura, C.T. Aranilla, L.S. Relleve, A.Me
La RosaCarbohydr. Polym.2009 78, 100.

[20]A.H. Qureshi, M.Sc. Thesis, Aligarh Muslim Univeys{Aligarh, India,2010.

[21]A. Sarfaraz, M. Naeem, S. Nasir, M. Idrees, T. AtdbHashmiJ. Med. Plants Res. 2011, 5, 15.

[22]M.K. Jamsheer, M.Sc. Thesis: Aligarh Muslim UnivgrgAligarh, India,2010.

[23]T. Aftab, M.M.A. Khan, M. Idrees, M. Naeem, M. Smg\. Ram J. Plant Interact.,2011,5, 273.

[24]Z.H., Khan, M.M.A. Khan, T. Aftab, M. Idrees, M. Bam,Front. Agric. China, 2011, 5,122.

[25]M.R. Badger, G.D. Pricénnu. Rev. Plant. Physiol. PlantMol. Biol., 1994 45, 369

[26]N.R. Knowles, S.K. Ries?lant Physiol. 1981, 68, 1279.

[27] Samiullah, Moinuddin, S.A. Ansari, M.M.R.K. Afridi, Plant Nutr. Soil Sc.1998 9,785.

[28]C.A. Jaleel, K. Riadh, R. Gopi, P. Manivannan, nksl H.J. Al-Juburi, Z. Chang-Xing, S. Hong —Bo, R.
Panneerselvamfycta Physiol. Plant, 2009 31, 427.

[29]R. Khan, M.M.A. Khan, M. Singh, S. Nasir, M. NaedvhH. Siddiqui, F. Mohammadicta Agric. Scand. Sect.
B-Soil Plant Sci., 2007, 57, 307.

26
Scholars Research Library



