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ABSTRACT

The effect of clove oil (Eugenia caryophyllata L.) and aqueous infusion of miswak (root bark of Salvador apersica L.)
on glucan production by oral viridans group streptococci (VGS) was performed by precipitation method in terms of
reduced activity of GTFs (glucosyltransferases). The VGS isolates producing large amount of glucan were selected for
the study. The different concentrations of clove oil (0.5%, 0.25%, 0.125%, 0.0625% and 0.0313%) and aqueous
infusion of miswak (10%, 8%, 5%, 2.5%, 1.25% and 0.5%) exhibited varying degree of reduction in glucan production
in terms of reduced activity of GTFs. Comparatively, clove oil was found more effective than aqueous infusion of
miswak, and reduced the formation of glucan by approximately 80% in a dose dependent manner. Future research
studies should be focused on mode of action and chemical nature of active constituents of clove as well as miswak.

Key words: glucosyltransferases (GTFs), viridans group streptococci (VGS), aqueous infusion, glucan, clove,
miswak

INTRODUCTION

Medicinal plants have been utilized as conventional medicines for various human illnesses therapy since time
immemorial. Pakistan has a great diversity of medicinal flora and people use these ethno-medicines to deal with oral
problems (Megersa et al., 2019). There have been various reports of the utilization of medicinal plants and their
products in dental practice for the treatment of toothaches and oral infections. The accessibility, cost effectiveness,
and lower incidence of side effects of plant products offer considerable advantages in comparison to synthetic drugs.
The knowledge of indigenous medicinal plants is a part of Pakistani culture and traditionally, mostly in the rural
areas, is still being used safely and effectively by both the humans and livestock for various ailments. They are
cheaper, especially for those living in the rural areas with lower income. However, living in the urban areas also
believe in the traditional usage of these remedies (Ahmed et al., 2012; Khan et al., 2019). The use of traditional
medicinal plants is practiced regularly in homes and transferred from generation to generation as a cultural virtue.
Considering above views, the present study was aimed to determine the effects of aqueous infusion of miswake and
clove oil on glucan producing potential of oral viridans group streptococci (VGS) in terms of reduced activity of
GTFs (glucosyltransferases). GTFs are one of the crucial virulence factors of Streptococcus mutans, a major
etiological pathogen of dental caries. All the available researches indicate that extracellular polysaccharide,
particularly glucans produced by S. mutans GTFs; contribute to the cariogenicity of dental biofilms. Therefore,
inhibition of GTFs activity and the consequential polysaccharide synthesis may impair the virulence of cariogenic
biofilms, which could be an alternative strategy to prevent from dental caries. Up to now, many GTF inhibitors have
been recognized in natural products, which remain the major and largely unexplored source of GTFs inhibitors.
These include catechin-based polyphenols, flavonoids, proanthocyanidin oligomers, polymeric polyphenols, and
some other plant-derived compounds. Metal ions, oxidizing agents, and some other synthetic compounds represent
another source of GTFs inhibitors, with some novel molecules either discovered by structure-based virtual screening
or synthesized based on key structures of known inhibitors as templates. Although many agents have been shown to
possess potent inhibitory activity against glucan synthesis by GTFs, bacterial cell adherence, and caries development
in animal models, much research remains to be performed to find out their mechanism of action, biological safety,
cariostatic efficacies, and overall influence on the entire oral community. As a strategy to inhibit the virulence of
cariogenic microbes rather than eradicate them from the microbial community, GTFs inhibition represents an
approach of great potential to prevent dental caries (Ren et al. 2016). In this regards, clove oil was selected because
it is not seasonal, easily available and traditionally being used as a home ready to treat different types of dental
disorders such as toothache. Whereas, miswak is also commonly used as natural tooth brush for cleaning teeth all
over the world. It is an inexpensive source, easily available and reported to have many pharmacological properties
including antimicrobial, antifungal, antiprotozoal and anti-plaque activities.
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MATERIALS AND METHODS

The effect of clove oil and aqueous infusion of miswak on the glucan producing potential of VGS was
determined according to the method described by Masumoto et al. (1987) and Figueiredo et al. (2010) in terms of
reduced activity of GTFs.

ISOLATES

Fifty three isolates belonging to 6 different species of Streptococcus viz., S. anginosus (08), S. intermedius (05),
S. sanguis (05), S. salivarius (01), S. oralis (04) and S. mutans (26) were used for the study. These isolates were
recovered from oral cavity of carious and non-carious subjects from different areas of Karachi, Pakistan and isolates
were maintained on sodium azide blood agar medium (Baron et al. 1994).

SELECTION, COLLECTION AND AUTHENTICATION OF CLOVE OIL AND AQUEOUS INFUSION
OF MISWAK

Clove oil (Eugenia caryophyllata L.) and aqueous infusion of miswak (root bark of Salvadora persica L.) were
selected based on previous preliminary screening for their strong antibacterial activities on growth of VGS. Both
were purchased from local market of Karachi, Pakistan and identified by taxonomist and the herbaria were made and
deposited at Department of Botany, University of Karachi.

CONCENTRATIONS OF AQUEOUS INFUSION OF MISWAK AND CLOVE OIL

The different concentrations of clove oil (0.5%, 0.25%, 0.125%, 0.0625% and 0.0313%) and aqueous infusion
of miswak (10%, 8%, 5%, 2.5%, 1.25% and 0.5%) was prepared to check their activity on glucan production
(Mandava et al. 2019).

BASE MEDIUM

Brain Heart Infusion Broth (BHIB) (Merck) was used for preparation of inoculum and 5% Sucrose broth
containing 0.04% Sodium azide was used for preparation of cell-free supernatant used as the crude GTFs
(Masumoto et al. 1987).

PRECIPITATION OF GLUCAN

Precipitation of glucan was performed by precipitation method (Masumoto et al. 1987; Mandava et al. 2019).
One milliliter standardized inoculum was transferred to 9 ml BHI broth and incubated at 35-37°C for 18-24 hours.
After incubation, the tube was centrifuged at 3000 x g for 10 minutes at 4°C to obtain cell-free supernatant. This
cell-free supernatant was used as the crude GTFs (crude glucosyltransferase). BHI broth containing 5% sucrose
(8ml) was prepared and different concentrations of clove oil and aqueous infusion of miswak (1ml) were inoculated
into the media. Furthermore crude GTFs (1ml) was incorporated into the media to increase the glucan production.
All the sets of tubes containing different concentrations of clove oil and aqueous infusion of miswak including
positive and negative controls were incubated at 35-37°C for 24h. After incubation, the inoculated tubes of different
concentrations of clove oil and aqueous infusion of miswak were centrifuged at 3000 x g for 10 minutes at 4°C. The
precipitates of insoluble glucan were deposited at the bottom of the tubes and supernatant was decanted carefully
without disturbing the precipitates. The precipitate was then washed with sterile distilled water three times and
centrifugation was performed at 3000 x g for 10 minutes at each step. The precipitate of insoluble glucan was dried
and weighed.

INTERPRETATION
The difference in the amount of glucan produced by VGS in control and at various concentrations of aqueous
infusion of miswak and clove oil was noted in terms of the dry weight in milligram (mg) (Figueiredo et al. 2010).

RESULTS AND DISCUSSION

In the present study, clove oil and aqueous infusion of miswak were selected to determine their effects on
glucan production of VGS in terms to reduce GTFs. However, the effect of clove oil and aqueous infusion of
miswak against glucan production by VGS have not been thoroughly studied. But the demands of natural plant
based remedies like clove and miswak is increasing in developed and underdeveloped countries because these are
natural products, having no side effects, not seasonal, easily available at affordable prices, being non narcotic and
sometimes the only way of healthcare available to the poor. Besides, they have been reported for treatment of
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different oral problems (Nunez and Aquino, 2012). As clove oil is being used for toothache since long time whereas
miswak is commonly used as toothbrush for cleaning teeth (Chavan et al. 2014; Vahabi et al. 2011; Chaieb et al.
2007).

Table 1. Effect of clove oil in terms of reduced activity of crude glucosyvltransferase.

Organisms Subjects Code Control Glucan production (mg)
Nao. (mg) 0.5% 0.25% D0125% | 0.0625% 0.0313%
Carious SACI 734 243 271 283 202 207
SAC2 819 ND ND 0.7 1.1 1.9
SAC3 131.1 a0 107 121 129 132
5. anginosus SAC4H 186.2 93 g9 106 111 143
SACS 244 6 542 103.5 1541 2012 208.5
SACH 2725 152.3 173.2 181.4 1903 1988
SACT 388.5 108.4 130.1 175.5 2157 3048
Non-<arious S5ANMI1 123 ND ND ND 0.8 3.6
SAN2 16.6 ND ND 28 30 iz
SAN3 418 ND 6.0 7.0 g0 0.1
SAN4 078 ND ND 6.0 0.6 102
SANS 160.7 131.3 151.6 151.8 152.3 157.1
Carious SI1C1 625 30 7.4 83 101 134
2IC2 974 ND ND ND ND 5.2
5. intermedius SIC3 101.9 ND ND 57 79 a3
MNon carious Sl 187 ND MND 36 0.3 0.0
SIN2 484 ND ND ND 4.8 813
Carious SSNC1 206.2 ND 37 3.6 a1 143
5. sanguinis SSNC2 2077 ND 3.3 4.6 13 0.6
SSNC3 3246 ND 1352 1451 1608 163.6
Non-carious SENN1 504 25 14 319 52 7.0
SENN2 122 4 ND ND 411 Q75 121.7
S, saltvarius Carious S5LC1 773 0o 1.1 1.8 1.9 2.1
Non-carious ND
Carious s0C1 4.3 ND# 34 5.9 8.1 87
. i 80C2 1322 ND ND ND 333 450
S, oralls 50C3 340.7 1474 203.1 2114 2351 3262
Non-carious E0NM1 183 ND ND g1 X 10.1
Carious SMUC1 122 12 26 34 3.1 10.4
SMITC2 ] 9.3 17.3 15.3 12.3 20.3
SMUICS 32.9 ND ND 143 18.7 19.0
SMUCS 263 ND ND ND 0.9 17
SMUICS 52.1 8.3 11.0 114 4.3 145
ENUCE 543 ND ND ND 195 213
EMUCT 544 ND ND 0.5 o.0 o0
SMUCS 38 1.1 19 34 73 79
EMUCS G4 113 124 12.9 12.9 14.1
SMUCLO 67.38 13.3 20.1 214 274 2759
SMUC11 83.1 ND ND ND 03 07
S Mutas SMUCLZ 903 ND 213 234 274 201
EMUCLS 1115 ND ND 58 737 8.1
EMUCL4 12235 ND 150 351 451 001
SMUCL3 1777 331 124 1424 1474 1614
SMUICLE 221 1443 1472 1719 1844 184.8
SMUCL7 3332 1213 1324 150.1 1541 2510
EMUCLS 3536 338 1347 1643 1685 168.5
SMUC1S 541 1253 2074 287.5 4482 4514
Non-carious SMUIN1 433 ND ND ND ND 13
SMLIN2 73.1 1.4 24 29 31 43
N TE] 73.8 71 24 28 10.4 19.1
EMLIT4 38 3.9 9.7 59 10.3 11.9
SMUNS ] 17 2.1 144 6.1 12.8
EMULIE 1019 ND ND ND ND 32
BN 3211 ND ND 31 122 146

*ND - Not done
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Table 2_E ffect of aqueous infustion of miswak on the reduced activity of crude glucosyltransferase

Organisms Subjects Code Control Glucan production (mg)

No. (mg) 10% g4 sop 250 | 0.125% 0.5%

Carious SACL 734 5.5 711 717 24 725 731

SACZ 51D B2 553 570 63.0 E6.5 =]

SACS 131.1 7.3 24 | 901 w7 103 114

8 anginmus SAC4 1862 251 2. 626 714 753 CFY
SACS 2416 2290 2384 | 2397 2404 | 2416 2420

SACE 272.5 2154 2399 | 2508 2345 | 2368 25592

SACT 388.5 3192 338.8 | 3381 3612 | 3645 365.1

Nom-carious SAN1 12, 33 47 EE] 56 o1 107

SAN2 16.6 41 8.5 o 10.5 11.4 163

5AITS 418 25 56 ] 6.1 5.6 o3

SAN4 57.8 15.4 453 | 481 =05 82.3 841

] 1607 1548 1568 | 1571 1574 | 1598 1602

Carious SIC1 2.5 50.3 51.1 608 611 61.8 22

5102 o974 2.5 378 357 418 443 678

S hatermedie SIC3 101.9 6.0 0.6 989 103 105 107
Non-carious SIN1 18.7 113 132 136 137 13.6 141

SIN2 454 2.5 17.5 288 228 30.4 448

Cariouz BEMCL 206.2 2.7 2 80.5  83.7 105.6 137.2

S sanguinis BEMC2 207.7 2.2 513 578 603 E7.5 501
BE1CH 346 2008 2241 | 2283 2377 | 2342 278.2

Non-carious EE3NN1 85,4 7 2 64 54 7. oo

BSMNZ 1224 1118 1155 | 1189 1201 | 1207 1210

S salivariis Cariouz 53LC1 773 113 12.0 123 158 14.0 144

Non-carious MD

Carious 50C1 34.3 30.2 315 | 31.8 32.1 32.6 33.1
5002 132.2 o0.5 old | 962 087 108 1153
. 5003 3407 2881 3004 | 3119 | 3185 333.1 3374

3. oralis Noncarious SON1 18.3 144 152 | 163 | 168 181 181
Carious SNUCL 22 o4 00 | 0@ 113 110 12.0

SNUTC2 383 13.4 311 | 373 37.9 381 38.9

SNUCS =) 215 278 | 281 33.1 352 368

SMUCE 16,5 15.6 358 | 413 | 418 448 453

SNUCS 2. 331 378 | 411 | 424 168 511

SNITCE 543 144 305 | 314 | 518 531 53.7

SMUCT 44 111 05 | 283 334 40.3 40§

ENUCE 548 22, 413 | 445 | 463 310 32,

S nnstans SNITCE 5.4 34.1 402 | 411 | 472 49.1 312
g MUCL0 67.8 33.6 458 | 481 574 58.2 581

ENMUCL1 8.1 12.8 155 | 189 207 536 3]

EMUCLZ E=3E 571 574 | 621 634 65,7 ELl5

§MUCLS 111.3 50.2 664 | 68.1 694 90.5 98,3
ENMUC1LE 122.5 552 968 | 1008 | 1050 1078 1215
§MUCLS 177.7 1685 1730 | 173.1 | 173.8 1744 1740
§MUCLE 221.0 2088 2114 | 2138 | 2177 218.3 2204
ENUCLT 335.2 3085 3115 | 31485 | 3185 3248 3254
SMUCLE 3536 3504 3318 | 3322 | 3329 335.8 3353
ENMUCLD S41.0 5244 527 5304 | 5341 5373 5358

Noncarious | SMUN1 435 187 205 | 221 22, 274 281

ENIUNZ 731 541 33 | 575 605 651 673

SNIUNG 788 473 521 | 546 611 504 ]

SNIUNA 58.0 281 445 | 453 308 517 EEE]

SNIUNS o83 257 603 | 81.1 837 BEE 504

SMLTNE 101.2 47 5.9 447 | 467 50.2 956
SNUNT 5211 51 612 | 73.1 G54 1207 148.0

ND : Not done

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 19 (1): 35-43, 2022.




39

EFFECT OF CLOVE OIL AND AQUEOUS INFUSION OF MISWAK ON GLUCAN

Table 3, Percentage reduction m Glucan production by yindang roup streptococct m response to aqueous miusion of Miswzk and Clove oil

Percentage Reduction in glucan production
Organisms Subjects Code Control Agqueous infusion of Miswak (%) Clove oil (%)
No. mg) 10 [ 8 [ 5 |25 [0135] 05| 05 | 025 | 0.0125 | 0.0625 | 0.0313
Carions SACI 734 48 [ 32 | 24 | 14 Ni 05 | 669 | 631 61.3 60.3 396
SAC2 §lg 395|323 | 305 | 230 185 | 134 0 0 %1 8.7 917
SAC3 1311 335206 | 245 24 | 215 ) 131 832 ) %18 808 0.2 20
3. gnginasus, SAC4 186.2 §44 | 721 | 664 | 385 [ 375 | 304 | 951 | w47 044 041 024
SACS 2446 61 | L ) 1.3 13 07 | T 317 31 178 148
SACS 2723 42135 B35 02 20027 12 8 6.5 5.8 48
SACT 3883 78128 | 127 11 6.2 Y | 721 | 666 349 43 216
Non-carions | SANI 123 732|618 | 37 | M3 261 | 131 0 0 0 933 70.8
SAN 16.6 754 | 488 | 404 | 35 | 314 ) 18 0 0 832 2 80.8
SANS 413 G41 | 914 | 886 | B35 [ TS5 | TR0 83.7 81.2 802 78.3
SAN4 473 863 | 337 | 498 | 177 138 |41 0 0 038 0.2 894
SANS 160.7 37125 ) 23| 21 06 | 04 | 57 36 36 33 23
Carions SIC1 62.3 196 | 183 | 28 | 23 2 035 | 952 | 882 86.8 83. 78.6
sIC2 474 To8 | 611 | 393 | AT0 | 36 | 304 0 0 0 0 047
3. intermedis SIC3 1319 523 | 302 | 457 | 43. 23 412 0 0 00.9 837 040
Non-carious SIN1 18.7 396 | 205 | 273 | 268 [ 257 | M6 | 0 0 80.8 042 411
SIN2 484 S04 | 633 | 403 | 385 3712 | 75 0 0 0 oLl 82.
Carious S5NC1 2062 §42 | 679 | 61 | 5396 | 488 | 335 0 983 839 836 a3
5. sanguinis S5NC2 2077 802 | 828 | 806 | TR [ T3 [ TRR 0 280 08.3 1.6 6.8
S5NC3 3246 2] 3 071207 202|143 0 584 333 303 303
Non-carions | SSNNI 594 048 | 931 | 929 | 92 013 | 89 | 973 | 982 037 042 012
55NN 122 86 | 73 | L 19 14 | 05 0 0 66.3 204 0.6
3. salvaris, Carions 55LCI 713 834 | 845 | 841 | 82 819 | 814 | 989 | 986 917 16 13
Non-carious ND
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Tablz 3 (Continuad)

Beduction in glucan production (%a)

Organizms Subjectz | CodeNo.| Control Agueon: infozsion of Mizwak Clove oil
(mg) 10 B 5 L5 | 015 0.5 0.5 0,25 | 00125 ) 00625 | 00313
Cariouns S0C1 4.3 I |82 7 6.5 3 13 ] 843 799 764 747
02 13232 eI ITI] I3 T 1653 ] 9F ] ] ] 13.2 BE
3. gralis =0C3 407 126|119 B35 b.6 2.3 1 6.8 | 404 iB i1 43
Non- 201 18.3 214 17 11 8.2 1.1 1.1 ] { 0.3 45 443
carions
Cariouns SLIUIC] 12.2 23 [ 181 (107 74 2.3 1.7 a0.2 TB.7 122 137 14.8
aldLIC2 343 I EIEER! 3.6 3.1 1.1 i b 44977 4497 484
aldLIC3 3y 4l | 4270 VL [ LLs | Tk i ] CE Bl 33.2 4
aldlUC4 465 HENFERR YR R L LR i ] ] 95,1 264
aldLICS .l oo |27yl e | 102 ] L ] T8l 46 1.3
aldLICE 4.3 EENEEEREX R 1.3 1.2 i ] ] bd.> bill.a
aldLICT 4.4 e el [ 46l 8T T 8.2 i ] LR 83.3 B30
aldlICs 4.8 NI REFIRERN IR EE: i 3 98 26,6 938 ah 236
) aldLICY 2494 2B 224 2ue | LV4 ] 139 2l [k 8.3 8.3 6.3
<. TUHLINS, ahUCTIU 6.8 s sl ave]| 124 [ 142 [ 123 ] 797 ! b2 9.6 8.9
ahUCL] LR sro | el VEe | 63 [ 29| 33 i ] ] LN 9y 3
ahUCL2 9y 3 22| 422375 3L | P ] 18 i T8.6 8.3 ] N
ahUCLS 1113 SE N IENE N RN EET R i ] 24 5 ER| 2.8
ahIUC]4 245 IERN R R R 1o 12 .2 ] wd 4 bs.l b8 192
ahUCLS | N 44 [ 27 [ 26 2.2 | I 1B L 312 195 17.1 .1
ahUCLe | 2210 L[ 44 [ 23 | I .2 .3 4.8 134 223 lo.d lod
ahUCLY 31332 i) N 4.2 2.6 1.2 63.6 fill. 3 33 33.8 244
ahUCLE 31336 be | 6.2 b 3.9 2.6 4 4.9 b2 3.6 >i4 4
ahUCLY 410 LR R ] 1.3 0.7 .3 8.y 6l.7 469 172 166
Non- SMUN] 4353 S48 529492 474 | 371 | 332 ] { ] { 7.1
carions SMUNIZ 731 ] ATIT4] 173 11 ] OE.I 06 961 BN afJ
SN TE.B 64 [3I9TI0E] I13 I7 1113 o1 LLE! EED g6.9 T8
SMUNE EE.D 8T 4511 44 ENIEIEREM R EEEL :EY EEI EB3 B6.3
SMUNS oE.3 TOATIET]IITS] 148 | ] 91 ay.3 BT By B3.7 B0.G
SMUNG I01.% axd 9431361 I [3E] 61 ] ] ] ] 965
SMUNT 3211 IENEFERRL Bl 69 [ TIE ] ] L] N a5
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Table 4.Incidence of isolates of VGS exhibiting > 80% reduction in Glucan amount.

No. of isolates exhibiting > 80% reduction in glucan amount
Organisms - - . .
Aqueous infusion of miswak (%0) Clove oil (%)
10 8 5 | 25| 125 5 0.5 0.25 0.125 0.0625 0.0313
S. anginosus 02 01 | 01| 01 0 0 03 03 06 07 05
S. intermedius 01 0 0 0 0 0 01 01 03 04 03
S. sanguinis 03 02 | 02| 01 01 01 03 03 03 03 03
S. salivarius 01 01 | 01| 01 01 01 01 01 01 01 01
S. oralis 0 0 0 0 0 0 0 01 0 0 0
S. mutans 03 03 |01| O 0 0 07 07 08 09 11

The results are presented in Tables 1,2,3 and 4. Different codes were assigned for respective isolates used in the
study i.e. SMUC and SMUN for S. mutans isolated from carious and non-carious subjects respectively followed by
SAC and SAN for S. anginosus, SSNC and SSNN for S. sanguinis, SIC and SIN for S. intermedius, SOC and SON
for S. oralis (04) and SSLC for S. salivarius. The effects of different concentrations of clove oil (5%, 2.5%, 1.25%,
0.625% and 0.313%) and aqueous infusion of miswak (100%, 80%, 50%, 25%, 12.5% and 5%) were observed on
glucan production in terms of reduced activity of GTFs. The concentrations which did not inhibit the growth of VGS
were selectedbased on previously reported MICs/MBCs against VGS (Ahmed et al. 2012).The GTFs are sucrose
metabolizing enzymes that play an essential role in the formation of dental plaque as well as in the sucrose
dependent cellular adhesion (Shemesh et al. 2006). The production of glucans is catalyzed by GTFs using dietary
sucrose. There are three different types of GTFs such as GTFB, GTFC and GTFD. Among types of GTFs, GTFB,
GTFC and GTFD are responsible to synthesize insoluble glucans, both soluble and insoluble glucans and only
soluble glucans respectively. GTFB and GTFC are of great concern with respect to the virulence of cariogenic
organisms and pathogenesis of dental caries (Mandava et al. 2019). GTFs are active in nature and found on the
surface of cariogenic microorganisms. They are also present in the saliva and salivary pellicle which formed on the
surface of tooth in human oral cavity (Koo et al. 2003). As shown in Table I, overall, the results of present study
showed that the production of glucan by crude GTFs from all oral VGS obtained from carious and non-carious
subjects was significantly suppressed in the presence of various concentrations of clove oil. It is might be due to
presence of variety of constituents of clove oil. A major component of clove oil is eugenol (90-95%) and other
important essential constituents are acetyl eugenol, beta-caryophyllene and vanillin, crategolic acid, tannins
(bicornin), methyl salicylate, gallotannic acid, the flavonoidseugenin, rhamnetin, kaempferol, and eugenitin,
triterpenoids (oleanolic acid, campesterol and stigmasterol), and several sesquiterpenes(Uddin et al. 2017).

Few promising results are mentioned here. Like, in case of S. anginous obtained from carious subjects, glucan
production of SAC2, SAC4 and SAC3 were strongly reduced by concentrations of clove oil as compared to the
control used in the study. For S. anginous isolated from non-carious subjects, glucan production of SAN1, SAN2,
SAN3 and SAN4 were significantly decreased. As far as S. intermedius, S. sanguinis, S. salivarius and S. oralis are
concerned, a significant reduction in glucan synthesis by crude GTFs was found at all concentrations of clove oil.
The results of present study suggest the clove oil is very effective for oral VGS. Except in few cases, glucan
production was strongly reduced from different species of S. mutans obtained from carious (SMUCL1 to SMUC15,
SMUC19) and non-carious subjects (SMUN1 to SMUN7Y) (Table 1).

In case of aqueous infusion of miswak, the results of present study revealed that it did not show strong effects as
compared to clove oil. Overall, all concentrations of aqueous infusion of miswak were gradually reduced the glucan
synthesis and activity of GTFs but significant results were noted from 100% and 80% concentrations. Both
concentrations promising results but their effectiveness varied specie to specie (Table 2). This might be due to
bioactive contents of miswak. Constituents of miswak have potential to inhibit glucan production in terms to reduce
GTFs activity. The effectiveness of miswak is related to the presence of benzyl isothiocyanate, sulfur, alkaloids
(saladorine), tannis and chloride. The miswak also contains other few chemical components such as tri-methyamin,
salvadrin, fluoride, silica, mustard, vitamin C, calcium, and phosphorous. Although effects of miswak was not much
stronger than clove oil but present study could say that miswak containing mouth rinse could be considered as a
suitable oral hygiene alternative for use in subjects of all ages, socioeconomic backgrounds, and health conditions

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 19 (1): 35-43, 2022.




42 NAZIA MASOOD AHMED ET AL.,

especially as a long-term measure due to its safety, efficacy, cost-effectiveness, availability, and ease of use
(Jassoma et al. 2019).

In the present study, all the selected concentrations exhibited varying degree of reduction in glucan production
(Table 3). However, the effect of clove oil was stronger than aqueous infusion of miswak for inhibiting glucan
production as most of the concentrations of clove oil reduced > 80% glucan production % in a dose dependent
manner (Table 4).

CONCLUSION

The results of present study suggest that clove oil, compared to aqueous infusion of miswak strongly inhibit the
GTFs and glucan producing properties of most of species of VGS. But still further research studies are necessary to
be clarifying the active constituents of clove oil and other plants responsible for such biomolecular activities to
suppress or inhibit GTFs and glucan production by VGS as well as to improve the quality of treatment for dental
caries and many oral disorders.
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