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Abstract

Major objective of this study was to appraise the variations in biological activities and phenolics of
enzymatically hydrolysed medicinal plants, namely Morus alba (L.), Momordica balsamina (L.), Capparis
spinosa (L.), Pongamia pinnata (L.) and Peganum hermala (L.) indigenous to Pothoharic region of Pakistan.
Enzyme cocktails such as kemzyme dry-plus, natuzyme and zympex-014 were employed for enzyme-assisted
extraction. Best antimicrobial activity was exhibited by zympex-014 produced extracts against selected
strains of bacteria and fungi with inhibition zone of 18.54 and 21.45 mm, respectively. Similarly, zympex-
014 produced C. spinosa extract (1.21%) exhibited least hemolytic activity. However, greater thrombolytic
activity (51.93%) was exhibited by kemzyme dry-plus produced M. balsamina extract. Moreover, major
phenolics detected in selected medicinal plants using RP-HPLC were gallic acid (272 pg/g), quercitin (269
Mg/g), benzoic acid (184 pg/g), vanillic acid (100 pg/g) and cinnamic acid (68 ug/g). Overall, the above
results revealed that enzymatic pre-treatment facilitated in the liberation of bound phenolic moieties from
selected medicinal plants and thus improved their biological attributes.

The use of wild plants for the treatment of different health disorders has been an ancient
tradition in the folk system of Indo-Pak medicines (Muhammad et al. 2015). Even though
allopathic medicines are extensively employed for medication, however, the treatment of different
diseases and health problems using wild medicinal plants products is still a common practice,
especially in rural communities of Pakistan. Pakistan is overwhelmingly an agricultural country
and is blessed with diverse agro-ecological zones. In this regard, the Pothohar Plateau, forming the
northern part of Punjab, is especially important due to its rich and valued biodiversity and flora of
wild medicinal plants (Ahmad et al. 2016).

Natural antioxidants such as phenolics, found in various plant products may lessen the risks of
various pathologies and improve general human health (Shahid et al. 2007, Zahoor et al. 2016).
However, selection of an appropriate procedure is a key step for extraction of optimum amount of
plant phenolics with potent biological activities (Sajid et al. 2012). To cope with the challenges of
less efficient conventional extraction methods and in line with the green chemistry principles, a
recent development in the area of plant bioactives extraction is the use of enzyme-assisted
maceration (enzymatic pre-treatment) to facilitate and improve the recovery of phenolics from the
compact and complex plant cell wall structures into the extraction solvent (Anwar et al. 2013).

The present study was mainly designed to evaluate the effect of different enzyme pretreated
macerations on the yield, and biological attributes of phenolic components extracted from selected
medicinal plants wildly growing in the Pothoharic region. The selected medicinal plants have not
yet been explored for the phenolic bioactives profiling with the primary aim to link up and
establish scientific basis for their traditional folk medicinal uses. Hence, this gap of scientific
information prompts the need to screen the selected wild medicinal plants growing in and around
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Pothoharic region for their phenolic antioxidants/antimicrobial profiling and biological
bioactivities.

Commercial enzyme mixtures (kemzyme dry-plus, natuzyme and zympex-014) were procured
from local suppliers. All other chemicals (analytical grade) used in different experiments were
purchased from Sigma-Aldrich Chemical Corporation, Germany.

Three different samples of the selected parts of medicinal plants such as leaves of M. alba,
P. pinnata, P. hermala, and fruits of M. balsamina and C. spinosa were collected from Pothoharic
region of Punjab, Pakistan. After ambient drying, the materials were ground into fine powder. For
enzymatic pre-treatment/hydrolysis, the material was mixed with 15 ml of phosphate buffer (6 - 9
pH) in a flask and blended with selected enzyme complex (0.5 - 6.5 g) for 30 - 90 min. After
heating at 100°C for 10 min to deactivate the enzyme, the treated material was extracted in orbital
shaker with 100 ml 80% aqueous methanol and filtered (0.22 pum) under pressure (Heidolph,
Germany). After removal of excess solvent via distillation under reduced pressure using rotary
evaporator, the crude concentrated extracts were obtained (Qadir et al. 2019).

Disc diffusion method was employed to evaluate antimicrobial activity of the extracts against
Escherichia coli, Bacillus subtilis, Aspergillus flavus and Fusarium oxysporum (NCCLS, 1997).
Rifamycin and fluconazole (10 mg/ml, 10 pg/disc) were used as positive references for bacteria
and fungi, respectively.

By employing spectrophotometeric method, in vitro haemolytic activity was examined by
taking measurement at 540 nm (Qadir et al. 2018). Phosphate buffer saline and Triton X-100 were
used as negative and positive hemolytic controls, respectively.

Appraisal of antithrombotic activity was made by procedure described by Prasad et al. (2006)
with slight modifications. Streptokinase (SK) was used as a positive control.

The most potent i.e., zympex-014 assisted extract was analysed by reversed phase high
performance liquid chromatography (RP-HPLC) with little modifications (Abadio et al. 2012).

Antibacterial potential of the selected medicinal plant extracts was evaluated following the
measurement of zone of inhibition (ZOI). The results indicated that B. subtilis was the most
sensitive microorganism showing greater zone of inhibition, from 12 - 18 mm when exposed to
the leaf extracts of P. pinnata among others (Table 1). However, E. coli showed better results
upon exposure to the M. alba leaf extracts by showing zone of inhibition in the range of 12 - 16
mm. On the other side, the fruit extracts of M. balsamina exhibited lowest ZOI from the edges of
paper disk (4 - 8 mm and 5 - 8 mm) against E. coli and B. subtilis, respectively. However, C.
spinosa extract exhibited value in the range of 9 - 14 mm and 8 - 12 mm against E. coli and B.
subtilis, respectively. Nevertheless, these activities were apparently lower than the drug
(Rifamycin) used as positive control.

In case of antifungal activity, maximum ZOI was observed against A. flavus (15 - 21 mm) and
F. oxysporum (16 - 19 mm) by M. alba extract. On the other side, lowest inhibition zones were
expressed in case of A. flavus and F. oxysporum by M. balsamina extract ranging from 6 - 11 mm
and 5 - 8 mm, respectively (Table 2). Overall, the activity exhibited by zympex —014 extract was
relatively higher in all cases except in C. spinosa, where kemzyme dry-plus extract showed
superior activity.

Previous results reported by Bajpai et al. (2009), Wang et al. (2012) and Ines et al. (2014)
confirm the present findings and support that enzyme-assisted extraction enhanced the bioactives,
thereby resulting potent biological activities of plant extracts.



165

VARIATIONS IN BIOLOGICAL ATTRIBUTES AND PHENOLICS

PpozATeue surens [e3unj JUSIONJIP SUOWE SUBIUWI JO SOOUIIIIP (0" () > d) Jueojrudis

9)BOTPUI MOI JWIES Y} UIYHM $10139] }d110s19dng ‘WNIPOUW UOTIOBNXD ) TUOWE SUBIW JO SOUIPIP (G0°(Q > d) JUedTUIIS 9)LITPUT UTN[OD JWES ) UTYIM
s10199[ 1dirosqns U *(S0°0 > d) oreorjdin ur Ajjenpiarpur pazAjeue ‘soads jued yoes Jo sojdwes JUSIQIIP 901y} 10] o5eIoAE oI8 (PS F UBOIA) SonjeA

8.%€0C 9,89°0F SO'ET a,2S0F 9501 TLTOFPEYI 3,TE0F €86 wn.10dsqxo vsouds
V. SPYT 9,29°0 F$9°01 D ESOF0'TT 94, €T 0FSY'TI AT OF LY TT snavyf "y s1pddp)
8.%€0C 4 TT0FSY9 4,STOFLES 9,,600F CI'L 4 L00F LS9 wn10dsdxo punuvsIpq
V. SPYT q,PLOF 0T 1T 4,210 F86'L 4,50 F §9°01 4 €€0FL89 snavyf "y DIIPALOUON
q.v€0C 2, T0°TF L8'FT Oy LLOFLE FT 4,790 F SY'ET 99, L0°0F 95°0T wn.10dsdxo . ULy
V.SPYT 98, CE0FLE'ST 2,97 0FIL'ST 94 61°0F 2E'TI A ECOFEYTI snavyf "y wnup3od
8.4€0C W CSOF SHEl a4 ETOFSLTI a4, SE0F SEET @, 60°0FCETT wn.10dsdxo . vpuurd
V.SPYT 8, L9 0FIL 9T 9, SSOFL8 V1 O, LTOF v7'ST O,LT0F SSET snavyf "y DIMOSUD]
8.%€0C YV, LS'OF9S 61 8IS 0FIT'8T 8, 7E€0F 86°LT 8,770 F 9591 wn.10dsqxo nqv
VSYHT VCEOFSH 1T V9T 0F8L 0T VL IE0F ¥E0T VITOF SHST snavyf "y SHAOp

(s10zouedn|[q) JORIIXD JORIIXD JORIIXD JORIIXD surens

Snip piepuerg p10-Xodwdz owdznjeN  snjd-A1p swkzwoy| ST[OUBTIOIN [eSung ordureg

(L U UOTIQIYUT JO 9U0Z) KNATIOE [eSUnyiuY

*$398.)X9 sjpue[d [BUIIIPIW PIJIIIS JO AJANIR [eSunjiuy 7 d[qel

PasATeue surexns [e119)0eq JUSISJJIP Suoure SUBSUI JO SOIUAIIP (50°(Q > d) JueoyTuSIS 9)eOIPUI MOI
qwes 9y} uIyim s1039[ Jdirosiodng Swnrpaw uonornXs oY) Juowe SUBSW JO SIOUIIIIP (S0°0 > d) JueoryruSIs 9JedIpur UUIN[OD JUIES Y} UIYIM SIdNI[
ydmosqns Juaregi "(50°0 > d) oyeorydin ur Aqrenprarpur pazAjeue ‘saroads juerd yoes jo sopdures JuIdIJIP 99IY) JO aFeI0AR Ik (PS F UBIA) SIN[BA

qLTETT 4 €SOF ¥P 0T DITIFETTI . 180F L9TI 2,8 0F 9S8 singns g vsouids
V.S9vT 2170 F S9°€l 4Lyr0F €801 VJIOTFILYI 2,69°0F 896 noo'q stvddn)
9,2¢°1¢ 19T0FSP'L 4.8€0F LIS 9,850F CTI'9 9TE0F LIS siugns g punups|pg
V,.S9vT IT0F¥ES 4,9T0F ¥S9 LITOFEY'Y LYE0F LY nooq DI1IPLOUON
q,7¢'1¢ 4.€90F 1191 4960 F vEvl 89L°0F29CI 2,8L'0F 9576 siugns g vjpuLidy
V,S9vT P 1S0F €T I 2,790 F 01°C1 v 88 0FTE€El 98 680 F 95701 noo'q wnup3aq
LA AR I VLEOF ¥S81 Vov0 T F €991 VorOTFITYI LI0TF 9T 11 siugns g vpuurd
V. S9YT 9.69°0F €L°SI V,ES0F 0961 LLYOF TH'TI 6L0FSS'8 noo'q DIUOSUD
q.7€1T OV 0 F L8 YT VIE0F €9V VaaP€0F €TV V.SV OFILET siuqns g
V.S9vT 9960 F 9591 Vo EP0F vEST V.S90FTIYI 4V SS0F SY'Tl oo vqqv SnLop
(uroAwrery) 108IXd 108X 108X 108X surexs
Snip piepuels y10-xodwiz JwAznyeN snyd-A1p owAzwoy] OI[OUBTIOIN [elRIoRg ordweg

(W ur uonIqryu Jo Auoz) ANANJE [BLIJOBRqHUY

*$§30.)X9 sjued [BUIIPIW PIJIIAS JO AANIE [BLIIEqUY '] J[qE],



QADIR et al.

166

¥S'18  eseunjoydeng S¥'96  001-X UoyiL

9¢°¢ I91e M L0 Sdd

TITTFSTSY GSOTFVTLY  F€TTFT8TE 39T F868T 9 800FITT  2ITOFHET Y 600F 6L T  2TZI0F99E psouids ')

GOTTFVEOS IS 1F€T8y LITIFEIS L860FLOEE  E610FSEE HICOFSEY  Vob€0F96'S  ETH0F 9y’ L  vunuvsipg W

PV T FYETE 29ETF00E b0 TF8I'LT %pS6'0FCITC T 0F¥T e 2 pe0F96°€  &ISOFS69  VtSOFSHS vjouLidy “d

9STTFYEOT TV TFONST LTTF 88T SL8OFISCT  PpECOFPSE  ITOFEYT Y b9OFETHT  ITO0FI16°L vwuuid

VL6 0OF ESHT ViTOTF VT IT Vog6S0F LIET VoS90F VS TI  Yo€TOFVES  YoLSOFTISY  2€TO0FHP8E b0+ €49 g W
snjd-K1p 1eNX0 snyd-£1p 10BIX0

y10-xedwiz QWAZNIEN QWAZWSY OTOUBYRIN  $]0-XedwAZ QWAZNIEN QWAZWSS] STOUBYIA ordwreg

K)ATIOR OTATOqUIOIY T, A)AnoR SNAJOWSH

*$)oe.1)Xd sjue[d [BUIdIPIW PAJIIPS JO AJIADIE INA[OqUIOTY) pue AJANIE INAOWIH € d[qeL



VARIATIONS IN BIOLOGICAL ATTRIBUTES AND PHENOLICS 167

The hemolytic activity of selected medicinal plant extracts such as M. alba, P. pinnata,
P. hermala, M. balsmaina and C. spinosa was noted to be in the range of 3.84 - 5.34, 2.83 - 8.23,
3.24 - 6.95, 3.35 - 7.96 and 1.34 - 2.34%, respectively (Table 3). Overall, the highest hemolytic
activity was observed for P. pinnata extract (8.23%), recovered with kemzyme dry-plus, while the
lowest activity was exhibited by the fruit extract of C. spinosa (1.21%) which was extracted with
zympex-014. Lower hemolytic activity (<5%) directly relates to lower cytotoxic effects of natural
products and this supports the potential uses of under study plant extracts in nutra-pharmaceutical
industries (Qadir et al. 2018, Mehmood et al. 2019).

The results of the present study, showing that enzyme-assisted plant extracts have good
activity relative to the control, can be supported by the previous findings of Sabah et al. (2012),
Milad et al. (2014) and Suthin et al. (2014) who investigated enzyme-assisted extraction to be an
effective process for optimal recovery of bioactive extracts.

Thrombolytic activity of the enzyme-assisted extracts obtained from the selected medicinal
plants such as M. alba, P. pinnata, P. hermala, M. balsamina and C. spinosa was found to be in
the range of 12 - 16, 15 - 26, 22 - 32, 33 - 51 and 28 - 47%, respectively (Table 3). Streptokinase
was used as a positive control (81.54%). The highest thrombolytic activity was observed for
kemzye dry-plus and zympex-014 based extracts of M. balsamina (51.93 and 50.34%) while the
lowest for methanolic extracts of M. alba and P. pinnata (12.54 and 15.51%). In case of C.
spinosa, the maximum thrombolytic activity was observed for natuzyme-based extract (47.24%)
while the minimum for control was methanolic extract (28.98%).

Based on the results of thrombolytic activity, it can be conferred that zympex-014 based
C. spinosa and M. balsamina extracts exhibited better activity compared to other tested extracts.
As enzyme complexes have different extracting power to recover phenolic contents, therefore the
difference in thrombolytic activity among different enzyme complexes might be related to their
varying composition in addition to bioactives composition of plant.

Table 4. HPLC characterization of phenolics in selected medicinal plants (zympex-014-assisted plant

extracts).
SI.  Phenolics Phenolics concentration (ug/g)
No. M. alba P. pinnata  P. hermala M. balsamina C. spinosa
1 Quercetin 102 £3.51 143+5.71 132+351 169+5.33 175+2.71
2 Gallic acid 120 £5.12 164+6.52 106+0.92 107+1.84 95+ 3.12
3 Caffeic acid ND ND 20+0.43 ND ND
4 Vanillic acid 34+233 41+£1.55 ND ND ND
5 Benzoic acid 12+2.44 ND 13+1.54 14+2.32 11+0.82
6 p-coumaric acid 17 +0.55 ND ND ND ND
7 Chlorogenicacid  ND 28+ 0.78 ND ND 30+1.63
8 m-coumaric acid 11+ 1.34 ND 19+ 0.46 13+0.51 14+0.94
9 Ferulic acid ND ND ND 36 +0.89 ND
10  Cinnamic acid 35+2.36 25+3.17 ND ND 28+19
11  Sinapic acid ND ND 19+ 1.17 13+0.78 ND

ND = not detected.

The most effective i.e., zympex-014-assisted plant extract was subjected to phenolics analysis
by RP-HPLC that revealed the presence of a pool of phenolics (Table 4). Major phenolics detected
were gallic acid, benzoic acid, quercetin, vanillic acid and cinnamic acid. The amount of gallic
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acid varied over a broad range, 46 - 271 pg/g. Other important phenolic compounds such as
caffeic acid and ferulic acid were present only in P. hermala and M. balsamina, respectively.

Previous HPLC results of M. alba and P. pinnata leaf extracts demonstrated the presence of
p-hydroxybenzoic acid, vanillic acid, chlorogenic acid, m-coumaric acid (Ayaz et al. 2010, Sajid
et al. 2012). Likewise, various phenolics were also identified and isolated from the methanolic
extracts of C. spinosa (Yu et al. 2006, Tehseen et al. 2015). Moreover, the identified phenolic
compounds are known to have antioxidant and other useful biological properties and this supports
the medicinal and health promoting role of these phytochemicals.

References

Abadio F, Kammerer DR, Carle R, Tseng WH, Boser S and Graeve L 2012. Antioxidant activity and
characterization of phenolic compounds from bacaba (Oenocarpus bacaba Mart.) fruit by HPLCDAD-
MS. J. Agric. Food. Chem. 60: 7665-7673.

Ahmad N, Zuo Y, Lu X, Anwar F and Hameed S 2016. Characterization of free and conjugated phenolic
compounds in fruits of selected wild plants. Food Chem.190: 80-89.

Anwar F, Zreen Z, Sultana B and Jamil A 2013. Enzyme-aided cold pressing of flaxseed (Linum
usitatissimum L.): Enhancement in yield, quality and phenolics of oil. Grasas. Y. Aceites. 64: 463-471.

Ayaz AM, Najma M, Devanand LL, Bhanger MI and Amanat AP 2010. Phenolic acids profiling and
antioxidant potential of mulberry (Morus laevigata W., Morus nigra, Morus alba L.) leaves and fruits
grown in Pakistan. Pol. J. Food. Nutr. Sci. 60: 25-32.

Bajpai VK, Rahman A, Shukla S, Mehta S, Shukla S, Yassir SM, Rahman MM and Ferdousi Z 2009.
Antibacterial activity of leaf extracts of Pongamia pinnata from India. Pharma. Bio. 47: 1162-1167.

Ines T, Walid E , Nizar T, Manel Z , Maria GC and Ali F 2014. Phenols, Flavonoids, and Antioxidant and
Antibacterial Activity of Leaves and Stem Bark of Morus Species. Int J Food Properties. 17: 842-854.

Mehmood T, Afzal A, Anwar F, Igbal M, Afzal M and Qadir R 2019. Variations in the composition,
antibacterial and haemolytic activities of peel essential oils from unripe and ripened Citrus limon (L.)
Osbeck fruit . J. Ess. Oil. Bear. Plants. 22(1): 159-168.

Milad M, Peyman M, Shahin A, Mchammad HA and Jalal S 2014. Pharmacological and therapeutic effects
of Peganum harmala and its main alkaloids. Pharmaco. Reviews. 7: 199-205.

Muhammad G, Hussain MA, Anwar F, Ashraf M and Gilani AH 2015. Alhagi: A plant genus rich in
bioactives for pharmaceuticals. Phyto. Res. 29: 1-13.

National Committee for Clinical Laboratory Standards (NCCLS). Approved Standard M2 A6, 1997, 5th edn.
NCCLS: Wayne, PA.

Prasad S, Kashyap, Deopujari RS, Purohit JY, Taori HJ and Daginawala HF 2006. Development of an in
vitro model to study clot lysis activity of thrombolytic drugs. Thromb. J. 12: 10-14.

Qadir R., Anwar F, Batool F, Mushtaq M and Jabbar A 2019. Enzyme-assisted extraction of Momordica
balsamina L. fruit phenolics: process optimized by response surface methodology. J. Food. Measur.
Charact. 13: 697-706.

Qadir R, Anwar F, Mehmood T, Shahid M and Zahoor S 2018. Variations in chemical composition,
antimicrobial and haemolytic activities of peel essential oils from three local Citrus cultivars. Pure.
Appl. Biol. 7(1): 282-291.

Sabah B, Djamila A, Moufida A, Meriem D, Seddik K, Lekhmici A and Abderrahmane B 2012.
Antihemolytic and antioxidant effects of medicinal plant Capparis spinosa L. J. Life. Sci. 6: 637-643.

Sajid ZI, Anwar F, Shabir G, Ghulam R , Alkharfy KM and Gilani AH 2012. Antioxidant, antimicrobial
properties and phenolics of different solvent extracts from bark, leaves and seeds of Pongamia pinnata
(L.) Pierre. Molecules. 17: 3917-3932.

Shahid I, Bhanger MI and Farooq A 2007. Antioxidant properties and components of bran extracts from
selected wheat varieties commercially available in Pakistan. LWT: Food. Sci. Tech. 40: 361-367.

Suthin A, Waraporn S, Sukanya C and Voravuth S 2014. Antihemolytic activities of green tea, safflower, and
mulberry extracts during Plasmodium berghei infection in Mice. J. Pathogens. 2014: 1-4.



VARIATIONS IN BIOLOGICAL ATTRIBUTES AND PHENOLICS 169

Tehseen G, Anwar F, Sultana B, Maria ACA and Nouman W 2015. Capparis species: A potential source of
bioactives and high-value components: A review. Ind. Crops. Prod 67: 81-96.

Wang W, Yuangang Z, Yujie F and Thomas E 2012. In vitro antioxidant and antimicrobial activity of
extracts from Morus alba L. leaves, stems and fruits. Amer. J. Chinese. Med. 40: 349-356.

Yu 'Y, Gao H, Tang Z, Song X and Wu L 2006. Several phenolic acids from the fruit of Capparis spinosa.
Asian. J. Trad. Med. 1: 1-4.

Zahoor S, Anwar F, Mehmood T, Sultana B and Qadir R 2016. Variations in antioxidant attributes and
individual phenolics of Citrus fruit peels in relation to different species and extraction solvents. Chil. J.
Chem. Soc. 61: 2852-2857.

(Manuscript received on 28 July, 2018; revised on 22 April, 2019)



