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Abstract The present study was undertaken to explore the in vitro antibacterial effects of four different leaves extracts of
Ocimum sanctum (OS) and Argemone mexicana (AM) against Salmonella enterica serovar Typhimurium and Escherichia coli O26.
Besides in vivo antibacterial effects of the hot aqueous extracts (HAE) of OS and AM against the above said enteric pathogens was
evaluated in chicken model. In vitro antibacterial activity was determined by disc diffusion and it was concentration dependent. Disc
containing 20 mg concentration of all the extracts of OS and AM showed maximum inhibitory effect on the growth of S. enterica
serovar Typhimurium and E. coli 026. Among all the extracts methanolic extracts of both the plants had stronger antibacterial
activity. On prolonged incubation bacterial colonies reappeared within the zone of inhibition indicating bacteriostatic effect than
bactericidal activity. 250 mg/kg body weight oral dose of OS and AM was found ideal and nontoxic in chickens and experimental
chickens were fed this dose for 21 days for determination of in vivo antibacterial effect. On 22" day respective groups of chickens
were challenged orally with 1Dso dose of Salmonella enterica serovar Typhimurium and Escherichia coli. 83% chickens of OS fed
groups and 66% chickens of AM fed groups were protected from challenge of S. enterica serovar Typhimurium and E. coli 026. OS
provided better clearance of both the pathogens from blood as compared to AM.

Keywords Antibacterial; Argemone mexicana; Ocimum sanctum; Leaf extract; S. enterica serovar Typhimurium; E. coli 026
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TEB AL ST N 077 10 5K 8 B8 25 5 S R A DA R B VR o TR TR R B R IS I AE B S AR M B 2 M 3
e ARV EA R AR 2 B L AL )1, AT S BRI MR L2 R 2P, (A L —P
WAt . BT ARG ENRRAEM, U RTEREEGM, MK 7z l, Hib S RIRE 5 g5
o XA FE IR R SRR T AEE AR, T B NAR & B8 A K ff o X — 7] 8 (Tamara et al.,
2009). N T IRFFR @M AIGK IR, 1R AR B SCRRRA A TE, D B Bz AT P T PR . R — AN
Jiti ] fE A T 2 R FH 28 R S B0 00 245 AR AR R i AR R B AR o 25 R RE W TT DA D3 B R 7 IR AE SR
(Ahmad et al., 1998). AEY)IT % O B T X Hu e ded J5fh, BB AE. B RIEIE A BRI REE (Lee et
al., 2007).

TEIXLEAH ) XD BN (OS)TEVF Z Wy AEINAI R EINE KA LR h R p G EE WA . thaT, SFW
L HRE T X P #(0S) P E MBS (Ahmad et al., 1998; Ahmad and Beg, 2001; Mishra and Mishra, 2011). 144
2N R, FEB(OS) P ME RS th T IHAR N & 178, My 28 REE M) i (Ahmad and Beg, 2001).

B T IXEAT B ZiA, A PR R LR A, EI R SE (AMD. B EHRE RN, #HIBE
(AM) A5 F 7t 41 B 35 P (Kempraj and Bhat, 2010) .

FT UL BRI, A AR R A [F) 22 #(0S) FH i 22 S (Am) SR EU1 % 6 Bl UL 5K 859 i AR 1 A o A v
WENE, OB, RUGEEV TR ARG B 026,

1R 55
L1 GRA 3 BuE N 2 A E X5 8 (OS)H B A S I B RCR

R Y 26 % ) (OS) S MU BR AL FE VD T TR AR AT 1 026 PRI B T B vE 1t . S 4 FhoAS [ il 1) 42
HEZ H(OS)H H MR, Bl RA K K. HEERI S BRI o BB B R 4 FREE, B2 mg/ls 5
mg/Fr+ 10 mg/ i F1 20 mg/fv. RIS EE =k, HCPIME (R 1. R 2). JupiEtE2RERS . BrE 2 mg/ v
TR FE B BN 73 B8 1A A A1 0 O Sl 35 IR AR, ARTTT T AT 20 mg/ v R B2 (R B2 BV ox B 493 € 00 11 B R R B A v
026 P TR T B 7 (1) A KA e KA HIE R o 22T A RIS o H B SR YD 2 B0t S i O P B R, o B A
FEV T T ARG AT R 026 40 5= T 20 mm Al 18 mm FIPLE X 8. AT S EUst KIGAT B 026 4T i 1 I #1
Foxt RAGZEV TR /N (B Do W38 RIR, 76 10 mg/ il FE I s E B X3RN, A77E 78 Ui (0 240 18 1
%o H, fERERIFIHEERT, S8 HmHE 28k .

® 1 EZHOS)H K. Ve rKIREUINS AT RV 1T AR BT B 026 BRI RUR
Table 1 Effects of cold and hot aqueous extract of OS leaves against S. enterica serovar Typhimurium and E. coli 026

Zone of inhibition (mm) Zone of inhibition (mm)
Quantity of Extract mg/disc S. enterica serovar Typhimurium E. coli 026

24h 36h 48 h 24h 36h 48 h

CAE HAE CAE HAE CAE HAE CAE HAE CAE HAE CAE HAE
2 6 6 5 5 4 4 Nil  Nil  Nil  Nil  Nil Nil
5 11 12 11 11 10 10 8 8 6 6 4 4
10 14 14 12 12 11 11 12 12 11 10 9 8
20 16 16 15 15 14 14 14 16 13 13 12 12

TE: CAE Fon v /KIRIY), HAE R KR YY)
Note: CAE: Cold aqueous extract; HAE: Hot aqueous extract

1.2 AT BUR TR A FE 22 5 (Am) R EU KA SRR

X 8 22 SE(AM) SR U SR FE VD T TR AR AT IR 026 PIAMAH G IO HT s PR EAT TRl FHVR 7K. #4
K BRI 4 AN 7] 77 S BB 2 SE(CAM) I e D 5T, A DR A S BCYIE 2 mg/ . B mg/ . 10 mg/fy
A1 20 mo/ i PURREE T P ETE, WIRER =0, BOPHE (R 3. R 4). 2 mgl ik FE IV KA H RS2
Y5t 0 40 B S A AR AT U . 5 gl R B 1 8 2 SE(AMY) S EUD 08 R AR T A S B A iR X,
B 1 24~36 /N, SRJEAE BT B DX I T B REVD T T MR I AT R 026 B VA 20 mg/ I B2 ) i 22
SE (AM) H-$i BV 08 79 o 200 T 2 0L HE T e R R ) X sl A X6 1 38 O PP I 2 B A o 19 e 40 1 AT e 2 ) 70 BT 4R
M (& 2).
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R 2 XD H(OS)H I, HEESRHUYINT B 05 FE VD T T MU AT B 026 IR St B AR
Table 2 Effects of methanolic and hydromethanolic extracts of OS leaves against S. enterica serovar Typhimurium and
E. coli 026

Zone of inhibition (mm) Zone of inhibition (mm)
Quantity of Extract mg/disc S. enterica serovar Typhimurium E. coli 026

24h 36h 48h 24h 36h 48h

ME HME ME HME ME HME ME HME ME HME ME HME
2 8 6 6 4 6 3 7 5 6 4 6 4
5 16 10 14 9 12 7 13 8 12 6 10 6
10 18 14 16 13 14 11 15 12 14 11 11 10
20 20 16 18 15 16 12 20 14 17 12 14 10

v ME: FIEZR Y, HME: HBSIREUY)
Note: ME: Methanolic extract; HME: Hydromethanolic extract

(a) S. enterica serovar Typhimurium (b) E. coli 026
P 1 2E% )(OS) - HHY I S FU 50 8 200 T F) 42 S0 1 28R

Figure 1 In vitro Antibacterial effects of methanolic extract of O. sanctum leaves against two bacterial species

R 3 EVESE(AM)IH RO . 7K SIS BRATFEVD T B AN K B AT i 026 AR SMIT I BUR
Table 3 Effects of cold and hot aqueous extract of AM leaves against S. enterica serovar Typhimurium and E. coli 026

Zone of inhibition (mm) Zone of inhibition (mm)
Quantity of Extract mg/disc) S. enterica serovar Typhimurium E. coli 026

24h 36 h 48 h 24h 36h 48 h

CAE HAE CAE HAE CAE HAE CAE HAE CAE HAE CAE HAE
2 Nil Nil Nil Nil Nil Nil Nil  Nil  Nil  Nil  Nil Nil
5 8 8 8 8 7 7 8 8 7 7 7 7
10 12 12 12 11 11 10 12 12 11 12 10 10
20 14 14 14 14 12 12 14 14 14 12 12 10

T CAE FoR v /KA B, HAE 22 #UKIR )
Note: CAE: Cold aqueous extract; HAE: Hot aqueous extract

R A BV ESE(AM)I B SRS BRAT FE VD T B AN K I AT 8 026 AR SMIT R R
Table 4 Effects of methanolic and hydromethanolic extracts of AM leaves against S. enterica serovar Typhimurium and
E. coli 026

Zone of inhibition (mm) Zone of inhibition (mm)
. . S. enterica serovar Typhimurium E. coli 026
Quantity of Extract mg/disc 24 h 36h 48h 24 h 36h 48h
ME HME ME HME ME HME ME HME ME HME ME HME
2 6 6 4 4 4 4 5 4 4 3 4 3
5 12 10 11 10 10 9 10 9 9 8 8 6
10 15 14 14 14 13 12 13 11 12 10 12 9
20 18 16 17 15 14 14 6 12 14 11 12 11

1 ME: LY, HME: HIREHRELY)
Note: ME: Methanolic extract; HME: Hydromethanolic extract
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(a) S. enterica serovar Typhimurium (b) E. coli 026
P 2 % 2% SE(AM) - PR VDT 7 b 400 T ) AR A/ 470 T8 R00CR
Figure 2 In vitro Antibacterial effects of methanolic extract of A. mexicana leaves against two bacterial species

1.3 XZ H)(OS) AT B (AM) HoK HREIX RAGEW T ARG E 026 K& A HiE1E A
1.3.1 95 1D50 75 BR A FEVD T TR FI R W FF I 026 i 35 [ 52 1

ID50 7| & 1 B ZE 70 T T AR AT B 026 4379 1.68><109 CFU/mI #1 6.75%109 CFU/ml. 438K 8 H K
P IREEL AR BEVS . FBEEL. B4R RTINS SR . MUY S RIBE S N A SR IE P R
YA

1.3.2 [a14 1D50 7 (1) SR AGFEVD 1T TR A KA AT B 026 /4% T i 36 X8 I £ 25 5 (O S) Al ] 22 S (AM) #A K -4 HL
Y, RIS AR A L

X (OS)MEFRAA 83%HIRILNS T T4 SRAGFEV T M K IHAF I 026 BRYy, 1 #i 2 SE(AM) MEFR 4
66% RIS S T HR By, BN BATEA RIVHERIER (K 5),

X B #(0S) HUKSE I RE AT HuyE b il A FEW T TE M KT 026, i 25 SE(AM) F UK S BV 40 8
RARBA XD E(0S)aF, HEMT XA (k6. B3, K 4.

2% 5 IR R A I E 2 2 ) (OS) A i 2 SE(AM) - R K SR B0t BRAG FE Vb T AR AT 18 026 (44 P 470 18 ROR
Table 5 In vivo antibacterial effects of HAE of OS and AM leaves against S. enterica serovar Typhimurium and
Escherichia coli 026 infection in chickens

Groups Number Challenged with IDso dose  Infected Infectivity rate  Prevention rate (%)
(CFU/ml) (Clinical sign present) (%)

Unfed (Control)(GI) 6 1.68x10° 3 50.00 50.00
S. enterica serovar
Typhimurium

0. sanctum fed (GII) 6 do 1 16.66 83.34

A. mexicana fed (GIII) 6 do 2 33.33 66.67

Unfed (Control)(GIV) 6 6.75 x10° 3 50.00 50.00
E. coli 026

O. sanctum fed (GV) 6 do 1 16.66 83.34

A. mexicana fed (GVI) 6 do 2 33.33 66.67

6 30N A 2 B (OS) AN # B2 SE(AM) H-$E B W I L3 401 8 6 28 ARG N
Table 6 Determination of bacterial load in blood of OS and AM fed chickens

Experimental groups Number of bacterial colonies (CFU) recorded on
23"day 24 day 25 day

Unfed infected with S. enterica serovar Typhimurium (GI) 132.66 230.66 387.33
OS fed infected with S. enterica serovar Typhimurium (GII) 76.33 113.33 91.33
AM fed infected with S. enterica serovar Typhimurium (GII11) 105.33 135.33 107.66
Unfed infected with E. coli 026 (V) 180.33 290.66 397.33
OS fed infected with E. coli 026 (GV) 107.66 160.66 115.33
AM fed infected with E. coli 026 (GVI) 127.66 186.33 135.66
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Figure 3 Line diagram showing the antibacterial effect of HAE of OS and AM leaves against S. enterica serovar Typhimurium in
blood of fed and unfed chickens
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Figure 4 Line diagram showing the antibacterial effect of HAE of OS and AM leaves against E. coli 026 in blood of fed and unfed
chickens

FBEMEE T ID50 775 1.68 X 109 CFU/ML [ B AL FEYL 1T IR A 6.75>109 CFU/mI 1R T 18 B3 XS 5 2%
% ) (OS) A i) 22 S (AM) H- FOK S B B Ak N BB TG IR BEAT RS (3R 5). R & T &2 #)(0S) Fl #i 2 3¢
(AM) M2 ISR 3 T 2 (RS, SxtBRAIAN LS HBUIGARE R . B A T S I i 56 39 5 Xt B 41
(RS A Y IR ) BRAG FE VD TTIR T . KM B S 283158 24, 48, 72 /N EHTSTEL . #RE T X5 #(0S) Al
] 2 S (AM) R B0 XS IR HH SR A 200 171 IR B 109k B AE T A B0 B B R R L R M Xk AR (R 6, & 3D
KA 026 HIREGSE R 5 UEARL. X 35 B F 35 % 3 (OS) Fl i 22 57 (AM) - H B WS -Ar f X0 5t 40 T A 5 2 O3
PirEH

DA 3R 56 £ SR 26 1 2 2 80O S) AN 22 SE(AM) -6 SR A% FE V0 1T BT AN K I AT 8 DL i 1

IMELETHE
3.1 IR RIS Mok, B ER B RER Y

EIRE T B BSA KA R 3 B #1(OS) R 28 5 (AM) BRI IHEAT T %55 o 7 10 PR A e it 1% S
b X US4 3 5 (OS) FI B 22 SE (AM) I o BERFZERSTH T 15 T 1 4 HOKIRELY (HAED. A KIREUY
(CAE). HIEHZEY (ME) RIFESZEY (HME). TRSMIBIYE LT 52 BB M & TR, Tikpyt
Bk % B A KSR 3 B 0 (OS) AT 4 SE (AM) I -

¥ 59g 3B #(0S)/H] 2 SEAM) I T4 CB 75 BB (1 2 FLIB B e At b, FIEIACE — A4 750 27}
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T (TOW/H SR IRe. By, IR AR A . R B RARYE % B IOV 7R (TOW/H R/ R D 1Y
Wb, SRS RE G ERSE 16~20 MEIS, JFRCE SR KIBE . KB P TR 2 Kk, O
I 5E AR o

3.2 P14 & X5 81 (OS) MET B (AM) K14 KRB

EZEERT, B 150 g THEHRIELE 750 ZF 0 =E AR MKIUKR. I 2 2 4 a7, AR Ik EE e
Ko BRIEHRATERER 3K, 4 KIGJ)E A 1 ke MEIE40R 0.45 pum FOEIERS ST b 8 . K5 )€
W IR ZE R, SREHT: BRIk R E, 4°CIR7E&E .

33 EH
HIENEZ 5 h DUVASU HIfZE =2 A el 22 R 3R BB D5 9800 T IR AR I AT 1 026, X 1 248 1 i T
il 2 %7 ) (OS) AN ] 22 SE(AM) SR BV R 44 AL 1A/ o v 1

3.4 RHYG

1 B9 Uday AL S — 1. o — RRIZNG, FFIEFR1E DUVASU X &1, Firf i3S
HAEARIEGE — IR AF TR BMIRIR . 9 T RTIEIAEEE S, REC T Pl At fERR IR dl i, FRAREH B
PSR AR -EH AN, PrakieyiEed 7 “seiRshve sz fe (AEC)” KdtHE, JIFfE
TR B Tt T . ARl e AL A 6 Halkxg.

3.5 HiE X Z #)(OS) B R (AM)H-HUKIREY (HAE) KIEBAE

222 ) (OS) Al 25 SE(AM) I #oK $2 5L (HAE) o 8555 & N =AU iR5fI & 250 mg/kg. 500 mg/kg Al
1000 mg/kg HrikFE. KA PLEE MR T, 250 mglkg 7R L P ) (OS) Al B2 S (AM) - H K $7 B
(HAE) {#i I tERIE (Varshney et al., 2013).

3.6 il R EEA R E KIS 81 (OS)ME] & R (AM)HI_ B B L 40 7 /2454

KHIEAE79 6 mm () Whatman 1 5848, K3 T 160°C il 1972 U KB 60 708 . SR )5 HIUEAR A i 4 AN A
WL 1 222 ) (OS) M1 22 SE(AM) SR B, % 458 ) RV AT BN 6 PR S 25 40 1o 46 20 il & A v 7k
PR PR PR A RS BRI 25 2 3 (O S) AN 2 SE(AM) IS BV O B 25 48, BE AR U L 0l B % 2 mg. 5
mg. 10 mg A1 20 mg PUFIKEE . IXLEEE LG /0K T3 2 9 (OS) Al i 22 S (AM) B2 BU) BR A €00 1]
R AR AT 1 026 TR s 1 «

3.7 WA [E] SR I A S P e Vi 1

KU #% (Baver et al., 1966). 0.5 ml [1)4 &5 &5 (1 B & 85 72 A S o A TAR P, BERIRIE N 3x104
CFU/ml. f15F 2 mg. 5 mg. 10 mg H1 20 mg ¥ FE )2 %' 1) (OS) Al i 22 SE(AM) FHHE BU BL 25 4% 48 E T
8~10cm (1) CHEMB T I E FREEIR b, 78 37°CHEFR 48 /Nifo WE B 2540 B30T Xk i) BLAR K AN KRR 7R 4
MBS, e B8 mm. ARG EE 3 K.

3.8 Misg X F§))(OS) A B R (AM) MR BT A=W 1T IRE M KB 026 R LB
3.8.1 ¥R K X P #(OS) Al #] B2 SE (AM) H- A /K B 4 M- 1 96 X8 11 T 25 771 o

R A 5 3 MR R 6 X9 36 7 ) (OS) A 1] 22 SE(AM) M UK SE U . 2% 2 8 (OS) A i) B2 SE (AM) IH-#1 K 3R B
YR E 250 mg/kg(IRIE NS IAEL). 500 mg/kg(IR 463 A F) A1 1000 mg/kg(IX IS A &) = MR EFIE, FHitE —
AR = AR RO IR, TR 21 K. 45 RRIL, 3 FPFIEH 250 mg/kg A& i3 ¥ (Varshney et al.,
2013), 5 HFH T4k P PUBE E PE AT 5T

3.8.2 i € BRAGFEVD I T IR B ALK AT B 026 (11056 43 M 43 7% &= 1D50

WA KT VURES JB(LB)E gt 4l iR FE V0 T T IR B A K I B 026 G Ve #eF T LB Wizh . 2fh
JEH LB Wiz E T 37 CRiFRII, SAJ5T 3000 rpm G N E5.0 10 /0%, & 3% i, F PBS BeEAMYLIE
3K, FFIRKEPEIFE PBS W, A McFarland (iU T4 BIEL KR BE A 9109 41 A/ml [ B 990 1 TR
BRI 026 PBS B iF. MBI, SRJEH 1ml #7450 B imE 4 ey, 405 6 1R,
CUREEFI T A MRS 5, ME 10 K, BRMWE 2 &, WHIGEARER R R BEl. M. s, HE
. FIIERMAET. . MAZIRGLH FIEAS o 20 B IR0 T % B 4§ . 1D50 HI71) & A Reed and Muench (1938)1]
i EE K.
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3.8.3 X% #(OS) Fl i 22 FE(AM) H-H UK BB % B G 1D50 718 0 SR AGFEVD T T IR B AR BT B 026 FRIE NS 5
1)

B (OS) A i) 22 SE(AM) - #4 K $E B %5 771 B IDSO0 R B35 FE VD 171 FC T AN K AT B 026 FA A P 37 18 R e
15 A PR AR I VR 4 T 7 A B o« L T 641 IR MY, 411~2H6 (GI~VD) , 46 -, GIFIGHIME 52N
250 mg/kg i 2% #(OS) UK FREUI21K ;s GVAIGVINE & 71 & 250 mg/kg ) i 2 SE(AM) FOKSERUI21K s GIAN
GIVIE & Z A (ZEAMAK), i, 922K, Gl GUAIGHIHEF1.68x10° CFU/mI (1Dso7 &) 1) R A% FEVD 1]
[KE; GIV. GVHIGVIHEEF!6.75x10° CFU/MI (IDso F7IE) R B 026, 42077 XN H ke A DI R IR Btk
10KR, RRWMEL2IR,

3.8. 4N & L HH o 2 TR 47 Ao =

F5523. 24F125K ) il A AF2H A 3% B3 FAR IO A B I o K AT B () I EE S AR R 1047, BEALRR R 1A IV i 44
J9101~10%, #40.5 mL 105FNL10 S MLy A BB Fl T LBEEARIR b, R0 VR B BRI 34, FEAh i R G A
(B R IR M, BEM S T37°CRE9%. 24 /G ic L4901 V& R (CFU) R P 418

T B TR
FIA 2 RS TR FC ARt T RVRE RO TR T 0 28 DB 1R T 530 3 B R
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