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Abstract

Background and Obijectives: Urinary tract infection (UT]) is one of the most common infections
in humans and imposes a significant therapeutic and economic burden on healthcare systems.
Although antibiotics remain the mainstay of treatment, the growing threat of antimicrobial resistance
highlights the need for alternative or adjunctive therapies. Stachys schtschegleevii has traditionally
been used in Iranian folk medicine to treat infectious diseases. This study evaluated the therapeutic
effect of the methanolic extract of the aerial parts of this plant on UTI in an animal model, with
particular emphasis on reducing microbial load and urinary nitrite levels.
Methodology: A total of 500 g of powdered aerial parts of S. schtschegleevii was extracted with
methanol by percolation at room temperature. The extract was concentrated and dried. Phytochemical
screening was performed to identify the major bioactive constituents, including alkaloids, tannins,
saponins, flavonoids, cyanogenic glycosides, and steroids. To assess anti-infective activity, 42 female
Wistar rats weighing 200-250 g were randomly allocated to six groups: a healthy control (no infection
or treatment), a negative control (infection without treatment), three treatment groups receiving extract
doses of 500, 750, and 1000 mg/kg/day orally, and a positive control group treated with gentamicin (10
mg/kg/day intraperitoneally). UT1 was induced by direct inoculation of 10° CFU of Escherichia coli.
Treatment continued for 21 days. Urine samples were collected on days 0 and 21 and analyzed for
bacterial count and nitrite levels. Statistical analyses were performed using GraphPad Prism 5 software.
Results: Phytochemical analyses revealed tannins and flavonoids in the methanolic extract of S.
schtschegleevii, whereas alkaloids, saponins, steroids, and cyanogenic glycosides were not detected.
Pharmacological evaluation showed that after 21 days of treatment, rats receiving the extract at 500, 750,
and 1000 mg/kg, as well as those treated with gentamicin, had significantly lower urinary bacterial counts
than the negative control group. The greatest reduction in microbial load occurred in the group receiving
1000 mg/kg of the extract. Urinary nitrite assessment also confirmed a dose-dependent effect of the
extract. In the 500 mg/kg group, two of seven rats tested negative; in the 750 mg/kg group, three tested
negative; and in the 2000 mg/kg group, four rats tested negative for urinary nitrite. In contrast, only one
rat in the gentamicin group remained nitrite-positive, whereas all rats in the negative control group
remained nitrite-positive, indicating that the extract reduced UT] severity.
Conclusion: The findings suggest that the methanolic extract of Stachys schtschegleevii exhibits dose-
dependent antibacterial activity, with the 1000 mg/kg dose showing the most promising results. Although
its efficacy was lower than that of gentamicin, the extract showed significant therapeutic potential and
could be considered an adjunct or preventive option in UTI management. Tannins are likely responsible
for this effect. Future studies should isolate and purify the active constituents, investigate potential
synergistic effects with antibiotics, and evaluate the pharmacokinetic and safety profiles of the extract.

Keywords: Anti-bacterial, Stachys schtschegleevi, gentamicin, nitrite test.
Copyright: © 2026 by the authors. This is an open access, peer-reviewed article published by Research Institute of Forests and
@ @ Rangelands (http://ijmapr.areeo.ac.ir/) and distributed under the terms of the Creative Commons Attribution License
BY

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.



http://ijmapr.areeo.ac.ir/
http://creativecommons.org/licenses/by/4.0
https://orcid.org/0000-0002-9482-6828

\’aj\.»i‘h‘,\l.?‘o\ﬂl)]auj@j)bbblﬁf;)\;;j;ﬁuw

ol @'3& SrasLo g,:b’.o oslas (S9! (S ybxo Cgas Ao ;‘ glg'j)'
2o sl hge 58 Stachys schtschegleevii Sosn. ex Grossh.

'"?@l‘,sﬂLaL..@.n}rdeL..él S “‘55)5; ‘a‘JJg_ ‘Y‘_;;‘M g_;\';)‘.‘i UEL.AA“GLGL:!_ U.u.;jﬁ

oLl 0l lal (S psbe By (g metils Sl daS grs0s SIS0 s mtils -

ol e ol S ry‘—‘ S&tils (g3l Sl (2> 3855 0 6555 SLb =}J§ olsbal Y

olal e ola u‘i“‘j r}lf' Szl 5l eaSails b;w\wfw FREST P USIE U,f bl =¥

ol g ol al (S o ske ol&ails (s3lupls saStils  pasls 6559555 50 5 8555 5L 05,8 skt (Jpine sdiy 5 —FF

navaei.mam@iums.ac.ir : sy Sl

VE O/ Vo8 iy s VEO/ Y/ g ol g VEF/OR/YY el g

oS

a2V olasl 5 Sloys [k i a0 sl Gl glacisie n sals 5 (SGUTH ol ol cisie iun 5 aile
hr 5 Sy el Cnslin 5 5155 L)l s Lol ey 4 b T 4 e 55 S e e e s
ol pl i b s (KU5) Stachys schtschegleevii Sosn. ex Grossh. LS .l o3 S K, 5 1) JuSa b op Kl slapleys 4
Sleasli w Jole oslas ol ol Cisie 2l 31 Lol Gan b adllas ol auals 5,8 s sie ol sl
il s b e s sk 5 s See Db GaalS S b Gl Je o oS ) e

SSeolas e Glos 53 05N 5S 5 asa 5 Jsilie ) eslinad L olS sl sl sy 5l pg Ol by, 55l 50
Jolo olas g S wslas s 5 pm e Sl OS5 sl gl A3 8 Sas Ll 5l ey Jols oslae s
Aol sl s bl gy sl 5 K05 sk b35S a5 e s le ol (aag JSIT Lllis slag so3]
Wl 058 ihs S e 058 b 5 f)f YO- b Yoo o 0dn b ol ols 5l esle ol o ise FY o lae Cogie o
Sk Ve sV0e 00 slases s3aslas bl o5 8 an (ploss s Cisie) ite J S 05 8 (oleys 5 Cisie 28L)
CRUN % s 155 b cisie W (3o G 0 S 5hS L p 8 e V) bl b ey 05 8 5 (S 52) 5 S 5hs
ool k5l d)ﬂ@’: YN 5 o lahss 5o Lol gladipes .8l wslsl 555 VY S w plajs i ol (OIS Lty il (6 SL
A f\"-”" GraphPad Prism 5 )\Jé\ps L asls Jdoo as oLl co i pales) s &54’5‘3"

ol ooy oM s b OS5 ol K oS S gl ylas 45 sl plas olas s syl el el
Sl 5w ol Sosle ;SIS 5 bud, al sl PSSV G Y VR g WS !
Oc v 595 dw 53 o)lae saSdl s ey 5 a8 sl plas sl s pes oS ol Olad 555 Y 5 e oS54 50,6
950 b3 olsbis (2l e J S ey 8 4 Gl ol b gless o 05 S 5 p SAS e S e Voo e 5 VO
ui‘d..Lw'T bl oo s r;:i‘.s B r;a\“ Voo 5ao boslas saiSedl o 0 S a4 bg e s s 5 L2alS oy iy Lozl
PSS VO 058 55 e V3l isn ¥ o B ShS e S0 058 5o a8 sba s an b oslas 555 4 a1 5 a0
Bl Bl e 3,50 S g8 pmalliin 65 8 3 Blha o aimals o x5 e 4 ge ¥ p S de Voot 05 8 53 s 2 ¥
GBS s sslae 53 4 araly 5 ol il samaplss @l cal dng Sute Cu a5 baise el ite J S 05 8 s s
22l e 6,0 ool i sae

3513 595 4y analy 6 8o Sl S o S de Veen 5 s s olS Sl oslas oS Wols gl sl g 8w


mailto:navaei.mam@iums.ac.ir

ool ol Cisae ao Sl L))

04y
9 QSASM; K olgen "\3‘336‘ 9ol plas dﬁ’ﬁ‘g}‘b Sbeos v.a_/.l: oolas bl oy cpanlelis Sl J..ASUT i ] b;‘
el e 252 Laes Gl o) Jstae bl YLw\ .;J,,,fjbé a5 5590 ool ol b gae Cy e o 43\}5\.:%
SS s alsl 5 b Ssmsl bl 51 s e slim! ilebin sl e ollas ol Wb OS5
R R
s sles] (el Stachys schtschegleevi (s SU as :sals slassls

doddo

ool oEins sl lacisie 1 JA spas el
) e L,@ 5 (Uncomplicated UTIs, uUTIs)
(Complicated UTIs, CUTIS) (| ol ol&iaus sz (slals sic
S ] caslie L5l L(Ku et al., 2024) ol 50
CJL-“ sl s SIS S olsea bl sbossb o
b Gl ol caese Jlaml (il ) o sn g5 o]
Oy 5 Dl rUﬁ slas sa il 3l bl Do ol
S oyt S o adall e s S 51 ) ol
1> Cwslie Xp) sl azp Ll a4 Alg e 05
255 msls Caslin 55 4 (Kuetal, 2024) sz e
Lol b Lo e oM Ll 5 LSSl S
o8l sk iy ol S S Hleans
ol o&as lacisie J xS 5 Rl s S,
sy Sy, (Fazly Bazzaz et al., 2021) ¢l o
Cilie blen Gt 3 Gl zS sba b
Shles ases Cdhe (@M 350 ads b ot eolid
.(Fazly Bazzaz et al., 2021) sas &) 50 1,
5 basas s 5l e e K (Stachys) gl s
Sl el 5l a oS ol dlons b ALSS ike LS
LS .(Mikaili et al., 2011) 5,5 &k (Lamiaceae)
~~s > Stachys schtschegleevii Sosn. ex Grossh.
Jles 5l (a8 ) J5Ul G52 5 s ol ) o2 Jles
(Salmaki et al., 2012) s> 281, S bl 5 Gl <
sop s oS ol amy BB LLsSus 3l a g b
Sy o5l slan S 15 of o) Keasy ‘u-gwrm;j Cen 5o
slas Sl s Ssieas bl cosi b Sl
Sl Gl b U oLS (Hamedfar et al., 2025)
ol st b 5o olS el ool bS5l S

s sl sie 31 e (UTD) (g0l o&s i sie
S o 4z bplusl S el 55k U’J’CL‘ silsS
Galishe 5 anls 5l gls] glacishe cle o smla
39500 laia Lol )len 55 6w ohlen 5 Sl by
bieisie ol Jol Jole b SU (Arsene et al., 2021)
TV PR LSO IO S L JORPPVE BTSSR
saiSolml Julge plsiea 8 By 2o > 2 0 Ug)B
.(Mancuso et al., 2023) wlsaz s, SUTI
el (505 53 a8 ol sols las sz plosl Slallas
10 WY e Jsb 5o 6ol olBans i sie 4 Dl
IS sbisas Cul (Sae L olaw ) ) aS e
asle 1,38 Lyl o (Bono & Leslie, 2025) axsl axsls
53 8 ool i sie a4 Ml dmteeca 15 5 3 ol S (L1000
ams il 3 cisie 5 Bl gas oulee s ks b
o1l Sisie ¢ 50t (Medina & Castillo-Pino, 2019)
sad 5158 Ao 3 V=Y Gl s 53 5 doya Y0 ol s o
= .(Spasojevi¢-Dimitrijeva et al., 2010) .l
035 039, Hod Jolw )55 b p o)lse CAEl o Cisae
wdSamtas Jalse (35 @l b dansl o)lee (2 0 &S
o se g 4Bl Rl ole b s sba g SL cal ol
.(Sabaté et al., 2008) 5 5 o ol Cisie 3y,
e 350 gk V) 4 035 AVl codze YL s
330 Joam 4 e pabae cnl S sie S
cwdl rUﬁ 2 ks g 5 s 4 5 )Y s 0
.(Tamadonfar Kevin et al., 2019) s5 8 .
0356 wsple (Ecol) O Ly 2l oS,
AL )l bl oas acisie saiSsla)




04y

stlemst s ¢ A2

samie LS 5 plelis ) shte 4 olen szd ¢ S ¢
LS anl 3o rL?d\ RO g oS S5 50 552 50
4 Sy oS 55 552 5 oS5 5l S gl ol
el 3 A

s JISIT ()

SonAS del ad oo\ Lo (ALE 505 510 S
ol a0 4183 0 e 4y ke Ol 1l e @ 5 L5 Y
A) 2l G jme o ke e Ll 51 SG 4 as el o)l -
Gy M 53k SusaS 5 al ey Bl (KK, 58 el
£93 il g 4 sl e bug JSIT ) s sl
Ay G ol am iz Sl Jde sl
G a8 sl SosaS o)l 5 s sl (el 222)
el Lo JSIT S gam y s opl oS azs |5 ey
oslite cal & sl e sa0 b sl 4 5L o)
Loy 5 ae 8ol SUsel 2 e ¥ wses sl 3L 4
8 ol labas (7)) (35 1S s 51 ad e N
Al o 5 Y am s s Bl T VL ces
s il ple s a Giae by Jo L Y Spm S
35 IS e oSl 58 sl

b (o

Sae sl Il sl e Ve LolS os 5l SY ol
Jsbos o b dim b G a2 GBlo 5 00l oS5 s ain
oo b st dobone K5 it (el 0 S
aile b g siiasplas

sl (@

Al Vo b ol lae ap 5180 ol
sl s eols o5 aids Vo Boea 5 bl Liemol
Clox die a4 e gl N Pl plasl 4 lal oS
2 sell Cate

CSWPPPLYE

It sl e Vo b (U8 Lo g o)l 51e S ol
5 G55 2l b e a2 Glo 5 SN, ids Ve S 4y

\’aj\.»i‘ﬁ‘&‘Q\ﬂ\}uj@j)‘abb\fga\;ﬁ;ﬁuw

soe sbln ol sl pab B Glsea
Gl lacisie 5 it Lol (o) st dex )l
o e oolae )Ll e OB s )00 LB
Sl s piloss (gsie bl pleys 5o S sy olS
Mikaili et al., 2011) coul sas salizl Leis 6w

R P R P O PE T
anie gy sedls 2518 5 e Cb s slaka
S) Sy x5 isoil by ssmee Ol
oSas slacisie ol Julse ale (schtschegleevii
Slizad «Kipm 5] 4 pslie Sk e 0354 (sl
Caslie 05355, Ll SR G ) el 2pame
ol sbobss LI Jals (S
sLossl e chl L owas b el o
sboolenl b cwle S Bty i 3 e 1 ool
el 5 wly . LS sbSbas e b e
Jx8 sl S5 uufwb- LS sbs sy £
o oS ) age i ool s e
b Sbas b e adllae ) 51 G (el
Vo mla sl U ade Sy olS Jsilie o)lae
I BN R U S PF I UM PGP
Gzl b aneys Gl b e ol
el o Slays 5 eaiS S gaeas

L g, g Slge
SL s e el s b L Sy oS

bl saSasls eoob 2 53 PMP-1361 o0l 2
r,fo~ o Slade s 8 é)\.:\gru Ol S poke sl
Sl eslimal b 5 sas Jame 5N S 5 G b 4 oS 5o
a5 8 6 ,Seslae Raulosl slos 53 TA- Jsile P
el 505 ¥ Jolss a4 Jslas L a5 5L Y S las
solatal b (o GBlo 5l e sac djj\c«? o lae s
sl s (rotary evaporator) les sauS s oKaws )
Voo Ol colg Lo s v\e.-bg by -’bfgﬁ\»w ESTAR

Al Jols Sis o jlae r,f



ool ol Cisae ao Sl L))

slos bocwyi a4 ool 5 el ol o
Loy am 5 was e 0 mgkg? 5 Voo mg.kg?
Jols Ml 2l LN T slaw YV 25 L oS5l
G550 YV Iob 03w S Gy el glme ase sl
Sy poh HsSde o boslas (b co 6\-‘“3); BE
et 5 5ol s sl bl ax s oz (L) S
Calg 50 A S o VY 5 Lao Sas o Wy 8Ll
Jdos g4 52 3550 5 A lie & L oi 6)315*’: LR
Sl b DLl o ) Jpol Pl s S s
a5 50 2l ol s S culs, 0 5 el
39l Q)}a@\;@,gT@wﬁﬂa} VY=Y O 5w
ole b Blasl 5o Ol ol ¢l >, (@d libitum)
652 GO b 5l ws S cule, swsa bl
Olse o b o520 it 2505 S S s g 55 bl e
Sl B8 sl 5 ol 5 coly @I Joe as ol
Cabls Ll Sl S Joe 351wl 3 Ul
s ol s cwle ase Lol Sakeas 5 s
Sl Jlazs| S 55 3 mlis Slages 68 b o L
AR S 3 Sl slas oz oS
D5 5004 5 rine oke mlia 5o Las sl ab
G oolimal 5550 290l o590 5 s (2o) 5 E
G Sl ol Go e s A8 s G e s Ol
90N = > bl g 550,06 C—".'\f b
S50 b g e Ghsge &S Sloe ) p Ol L
S s 5l il e 8] ot Jlal 5l g55 JolS
izl pae pode mlis sy 3UU o 5 b 2
oae) S e salas Glol b sy Ghs ) i Al
selad o o\ Y .\,;L Olasm S e ) Slgwm 458
replacement-reduction-) 3R Jol o35, =l
ol Ol slaws 5 i, LialS ol (refinement
e L adlae ol e S s
siass M3l weS s IRJUMS.REC.1401.140

el sy 5 4 Ol (S ke sl

0¥

A Vs e ool aak dis e i o Ol
2l 55 K5 abm) 5 as wlol e S0 8 sl
il e BaS S s

RV WP PRI L

2ol S i b ol olas 5op 5 e S Y ssus
o1 52 5 4S5 g eles Jslome b aS 0 03l 15 (s 55 4
BIJCRCI WA SCTVIPVIN K WPPSSTY o VCH PUP PP
ool Clox a5 4255 51 BB K, Jas bt sl

gy el (s

w3 S Gl e oy 4 olS olas 2, cnl o
wiby ialesl A o550 oolas (oolake e D s
e Y dm 503 8 ol 0 55 IS 1 4w 5 555 0
353 505 01 Koy Fhes gt e Lol ale (S 5l e
Aty ge Ay el (g5l o lae
sl st palas 598, Lo

Sheas ag Sl 35 esle e, 5l adlas ol o
s3lizal p S YO B Yo spum 055 b ol sl sz
syl 2, b gllas ool oKans cisie Wl oz
st o5 527G S 51 5l ealimal b sl J2ls o5
adlas 5 5ot Gra) ool & s bl bl el
(Scharffetal., 2017) cul sas 3,158 oS 5 0 s

o5 51 02l) Lo tse ol 5 Sn a2 51 o) 2 L2
xS 5 CA e bV 055 7 53 Oless

(Oless o 5 Cisie Wl o) Jle 258

(oo cypty (S Lyl b i gie ) jaia J 2S5 S

(s> 0+ - mg.kghday™) sl s lae b olsey S

(Shs= Vo - mg.kghday™) slS e lae bglssy S

(Shs= A+ - - mgkghday™) alS s,las b oleys ey S

A+ omgkglday?t eolbis) oot S8 e 8
(Glo Jobs Gy

dtlge 5o YY) anl b cpl plml by s

S5 Loy Sl il (2l S cisae W G



040

prism5 ik 5 5 Waesls slel Jdovsa 2o
i S 55 awolis 5wy 3,550 GraphPad
tleme 52 sl b3l s

salanal | sgj—' °\-:.§ 3j. @\MMM oSy SO
T e R A P IR R PN DS I
Qe $ oM (g n3lie 5 b OS5 bl alS L a5 sl
ool as JSIT asle SULS 5 o &S I s el
Jdr Xz sanlin L5053 S5l a3 SIS
a3 e ol 1y et i Gl ol s a0 )

\’aj\.»i‘ﬁ‘&‘Q\ﬂ\}uj@j)‘abb\fga\;ﬁ;ﬁuw

BIELSTRUVECR pp TS

Sl S olsen \Jo-w' BIECINS RN Epe
Urinary Tract) )l olxe Ciste gl oaeiis
Ssl> b sl o a4 S L s (Infection, UTI
oo isie Wpe sl BSU 5l s Ll e Ol
sy ol gl a8 e has s 4 ) Ol s &S )l
sl cogae samaglas Wl e Hlhel s g 8

Age Glag SL oy 2ol Glp candlas o) s
a sl it sy £ 5 51yl i telesT wci e
VS NP RCI A TR el

(Stachys schtschegleevii) I, olS lss slasli m Jsile o jlas olasd b Gows @l -) Joas

Table 1. Phytochemical assay results of methanolic extract of Stachys schtschegleevii aerial parts

Alkaloids Tannins

Cyanogenic

Flavonoids glycosides

Saponins

Methanolic extract of S.

.. . ++
schtschegleevii aerial parts

+

++: high intensity, +: present, and -: absent.
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Figure 1. Escherichia coli count in rat urine at day zero of treatment with different concentrations of Stachys
schtschegleevii methanolic extract
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Figure 2. Escherichia coli count in rat urine at day 21 of treatment with different concentrations of Stachys

schtschegleevii methanolic extract
*, ** and *** indicate significant differences from the negative control at P < 0.05, P < 0.01, and P < 0.001, respectively.
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Table 2. Nitrite presence in rat urine at day 21 of treatment with different concentrations of Stachys schtschegleevii
methanolic extract

Nitrite
Extract 500 mg.kg? Extract 750 mg.kg?!  Extract 1000 mg.kg>  Gentamicin 10 mg.kg® Negative control
Rat 1 + + + - +
Rat 2 - + - + +
Rat 3 + - - - +
Rat 4 + + + - +
Rat 5 - - + - +
Rat 6 + + - - +
Rat 7 + - - ; +

+: present and -: absent.
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