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The study involved the effect of P. mirabilis on stimulation of 
crystallization in human urine and the formation of struvite stones in vitro 
during limited period of time. Human urine samples were collected from 
non-infected people with urinary tract infecti ms and inoculated with 
P. mirabilis with control sample. After incubation a number of test were 
done including turbidity test, pH and chemical analysis, as well as the 
appearance of crystals and precipitates were followed and tested by light 
microscope and photographed. 
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.... j:.b:i ~ Proteus mirabilis ~~~ ~b I===== 

c--lyJIJ (" ?'IIJ ~I ~ 0-a ~ ~y:ll ~I 0-a o~.le tl~l ~jJ 

~ ~~I ~~1 ~ ~ W~l ~I u.a tl~l ~J ~1.1\3 c}~l yf..JJIJ 

~G ~.J struvite stones ~t!J.Jwa ~J calcium stones ~I ~I 

~~)'I ~ ut:.,:jJ cystine stones .4J''l""J"''I ~13 uric acid stones c4.J~I 

· UJI ~ . .J\ .:.-'I A:9- -11 ~w A.il:i.:...JI -'WI -:'-l..l.a · ·--'I · y\ ·~\ o\•, e: ~· J <..,;. ~ ~-~ • r l!)= ~ ~ (.)A ~...,. _JJ -r. 

. (2) ~I ~lc)lc.S~.J y~ ¥1~1 wi.~WIJ . . 
~I .I ·-'I~ . --'I . _(~. I~ .lel.uu ~~~ )Lo\.c . -·'1 .. , ~ f"fJ ..r.--' . ~ 0.!.:;--~ ~ ~ Y..J~ HY ~ 

~J1 ... 1·,;. J\J ~j.wJ\.S.\1 w~~ .J.#J ~.JJIJ ~yJI t ~~I .b.)~ ~~IJ Y.J~ 

wi.J~ U:!fi:J 
(MgNH4P04.6H20) struvite wi.J~J [Ca10 (P04) 6.C03] apatite -w\J_,ui.S 

. (3) JI_;JI ~ 

~yJI ~'i A...J~I clc...'il j.J?-J ~ struvite t~ c~'i\ ~ ufo 

J Klebsiella 'Pseudomonas ,Proteus 1 ~·,4 ..>.u~ .4 .... ~,·,JI ~~~~ 

ysJI (.)oil J.J---S J:;.b \+llc fo. ~I ~ _p. )l.u J oj\.c o __».& ufo J Staphylococcus 

.(4) Staghorn stones t.J-lll u-a ufo La~ ~'iJ . 
· . ··'I ~ jl ~~ -~·"'1 . --'I · .c::~. ·-~ b w~l .>.<1 wG!il.JI _aj (.)--A j--""-' ~. "6-'-' .II ~ 0,!.:;-- c..r . . ~ ~ . 

~:; ~ ~m ~ ~~ tS~J ~~ ()4 t'~'il ~~~ ()4 :uj~l ~~~~ ()4 (%70) 

. 
~ JJ ......... 11 L:u~l ~J ~.leW\ .h~J'il ~ ,..ull ~t! uc ~ Y.J~I ()4 

.(5) ~.JilJA'ilj 4.J~I ()4 ~J.JilliJ 4..9\..bJI 0-a 4-JL:;..Lfl::.,l 

~ jl ~I ~ struvite ~ JJ'il ~I P. mirabilis t.J-lll ~ lAS . 
~ ~_,..JI w41UJI (.).ll41 ()4 tSft'il tl~':/1 ~ lfJI ~l....a.)'l w':/6. 0-a (%90) 

A 1~.~ jl ~_,b wl_fol _;bt.::i\1 ~~ ~yJI ~~':I o~l A..:J~I olilll c~'i 

~l.h.l ~ A..:JWI ~.J~ uc ~ lfJI oJI~I ~l_,c l.JA ~.All P. mirabilis ~_;..?.

. ~ -···'1 L...::ul ~ ·.:.11 ~li . -·'1 "I tul --'1 0 .~t..l; 1.~ - ~L....a,\1\ ~ ~ ( J ~ J~ ~ · J Y..J~ t:Y ( J ~- _J- ~ • 't 

~-·-'I ~':II · .c::~. WI U)l;JI wl.:W t.<'"'t~. -\ wl.:W .. 11 ~I wl..u "~I ~~ ~ 0.!.:;--J ~.J ~ JY. ~ J ~ J~ . ~Y J . 
A'----+')\~1 ~I A~.,......_ ... _ __,·,:;~ ~ll....l..o. 0"'------L.I-,l\ u-__......c )IU....;..,"'-------"9 Biofilms 

. (6) yb.t.':/1 A.b~.J: 

Capsule Polysaccharide wy~l j.l.......Ua .4 l:.g, J o~.)ll u--=Ut...-.:...ll ul . 
~wl wl:ifo-.JI j~ L-46 LJ---C :;L..;..,_9 P. mirabilis .4...-a]l..r.J (CPS) 
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====::::::j~ UJ.>&..ll ~ JIJ.l W.J-1 <JJI..) .l~ i .»'! ll===== 
je~ ,~_;y,JI l.;)l.:;. J_p. ).J~)'I w\J~ ~ ~ (LPS) Lipopolysaccaharide 

~ l~y~~~ ~~ U:!fi:J JL4J'il_, .bl;W.J)'I ):l_)a:j_, wi.J.AJI ,j;fo Cj~ ~ 

ol-Jill ~l...o..:;.~ ~~'ll ~6. ~ struvite ~ U;fo_, .J_,.I+JI ):l_)a:j ~ .fi...JI .JJ~ ~~ 

. (7) A._J _,.JI 

.L..aJ!._p,. ~_, ~~ ~ ~~ wl~ ~ly,JI ~I ~ ~~~ ·~ ~)'_, . 
~ ~I w~l ~~~ ~~ lbl;W) ~ly,JI tlyl fol ~ ~ P. mirabilis 

.J~ o~l.;,., Jl ~lyJI ~y,..~ (.j~l ).J~)'I ~ .J.#JI ~ ~ ~J!y.JI .JJ~ A._JI . 
. u~ wl -'·'1 w\J -< ~ .lJ.h.,'j ~~ .. .. .. _)~ ~ ... _, ........ 

~ ..;)AJI ~ iJfi 

~I ~ y~ ~JA ).J~I tJ-4 P. mirabilis ~Y..» ~_, Jy::. ~ . 
~ ·t?i.._i.JI .J~)'I Jjlya ~ w..bh_, (8) ~ ~.JJ La~ b\....uc.l A._J_,.JI o\Jill ~l...o..:;.l_, 

Brairi Heart ~I . ..;,. .11 ... • k . ~ ~ • ·- 11 t..UL;. -;~I· .. 1 ~ ·.- t I · ~· ... ·, . J (_- ~ ~_)A J ~ _JJ ..fi""' • c..-r-: ~ .) _)A --::or . 
. w~L....u 10 o.l..a f' 37 ~.J.l;l ,·,·,, ;., ... _, (BHI) Infusion Broth 

. 

~b..J\_J ~l_,s.JI ~ 

Eriochrome Black T ~ts • 

0-----.a ~ (0.5) ~~ (9) u lc 1~\ .uc I ' o .~.\.S..\1 .J';., .... 

(hydroxyl amine hydrochloride) LJ---c r-t- (4.5) ~ (Eriochrome Black T) 

~_,_;u_»'l\ J~l _,1 Jy~l LJ---c (%95) J.c 
3 ~ (1 00) ~ ~~ yl~_, 

Eriochrome Black T ~~ Isopropyl alcohol 

Ammonia Buffer Solution ~I ~ya)'l J~ • 

~-'.J¥ 3 ~ (143) ~ suya'll ~.Jfo tJ-4 r-t- (16.9) ~~j~ J_,h.JI ~ 

~1_, (Mg-EDTA) LJ---c r-t- (1.25) ~~ ~ jS_;.JI f'_»lya)'l 

.(9) .l.ulll ~ ¥ ~ .bh ~ .;bi.JI ~w~ 3 ~ (250) ~~ Fl 

(0.01M) Na2-EDTA J~ • 

~I ~L..JI tJ-4 _;J t} (NarEDTA) tJ-4 r-t- (3.723) ~~j~ J_,h.JI ~ 
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.... j:.b.:i ~Proteus mirabilis t.t._,!i~ ~b ~=== 

3 ~(50) J (0.2 M) 4i.;foJ.;~I ~L:.. 0-a 3~ (5) ~~~ J_,h.JI ~ 

,~,1.,,. . aJ _;.bWI YWI u.a 3 ~ (50) .)1 (Hydroxmethyl-Aminomethan) u.a 

.(10) (9.0) ~ J_,h.Jl ~WI ~loll\ 

Ammonium Molybdate r..Jilya~l wl~ya J~ • 

YWI u.a 3 ~ (175) ~ r..Jilya~l wl~ya u.a rC (25) ~~~~ J_,h.JI ~ 

0-a 
3 ~ (400) .)1 jSyll ~fil ~L:.. 0-a 3 ~ (280) YJ~ ~~ ._;.bi.JI 

_>hWI yw~ _;J .)1 ~J wi~_,.JI J.,h.a .yll w~ ..)Y.:l L;l ~J .;biJI YWI 

.(9) 

Stannous Chloride JJY.~I .l:Ufo J_,h.a • 

~ SnCI2.H20 YLJ\ {.j..)L....::..I JJ.J:l~l -l:!.;fo u.a rt- (2.5) ~~~~ J_,h.JI ~ 

I~ (Y.J ~..) (30) o.l.J r(60) o)_p. 4.;~ r'-=-- ~ ~ JJ~I u.a 3 ~ (400) 

.(9) ~~~~~ ~ ul .)1 

~~I )_;J~I ~ _;~I ~ ~ P. mirabilis t.t_jj~ Eb 
L...J -·11 o~l k:..w I.....J~ • . _;, •. , ····'I 1 .)~I · ~w ~ ~~~ ~ .Y." ( . . ..):!C ~ '-:$ ~ _) .) l)A ( 

~_;JI 0.JJ rl~~ &.JJI ~_A, ).;.)~I ~ 3 ~ (100) ~ JS ~ (5.8 =pH) 

u~j_,..u c---i1 ~~ ~J .Ju.Jfo'lA (0.45) ypl ~ (Millipore Membrane) 

BHI y...JiliJ e-JI ~ Jy ~ ~\_j wl.t:.~ (10) l.Aiyu:. P. mirabilis ~_;~ 4-l..o 

, o _, b J "' II ~ _,h.a ~ .J-:1 ) _,j)U -:.Jt.JI 1: ~ _JAlll ~_; J ~ ~ t w.ll ()A 
3 ~ ( 1) ~ 

o_,_,_s.,Jl w~49 ~ w...._;.»IJ ~~ 24 o-14 f' (37) 4_,..) ~ c:jWI ,~,· .. ;..;.,J 

Ul.lll J ( qallenhamp-spectronic 21) ~ _,..A-JI w4hJI j~ rl~~ Turbidity 

w~l ~ wl.t:.~ (8) ~Li.l ~~ JS ~~ ~J ~~ ~~~ ~ JJ~I c:~_,..illl ~WI 

~b.a w.aJ ~m t.P ~ ~~ ~~~ u.a ~~ (24) J ~~ (12) ~ ~ w~Lfoll 

~~~ ~~ ,~, a'sJ 4-l..o w~ w~IJ ~t.JI c:~_JAlll ~ wi.;..#IJ '-;-l-u!IJ)I _,~ 

w~l · _ ... ;;1 A..Jj~l ~ .ULJ 4....u -"1 wl.....o -- ~~~ LJ.J 1 L& wl · ~ .q w . ~ u-a ~ ~ ~ . '-'...>=' . ~ .Y" ~ ~.?.- • _;c _JJ J"' _)~ j 

. ~\_j fi.a ~~ 

~~\ ~ ~1.;)1 ~U,JS.J ~.;lll ~~ 

: ~~ L& (9) ~ j_)j 'lA ~~ ~ ~~ 

~~·"J;; Jl.; ~~\.ill ~UJ:!I ~~I: ~.;1 

,o~l w\_jfi.a l.>A JWI _>hiJI YWI l.>A 3 ~ (75) ~ '-;-l-u!IJ)I u.a ~ ~~~ 

~~ J~_,ll ~~ J_,h.a 0A 
3 ~ (25) .)1 ~I l;,uya~l J_,h.a 0-a 

3 ~ (1) ~I 

~ 514 ~ 



====9~ UJ....JI u_,.:... Jij.i W.JJ ~.Ji.J. J~ ;.»'! lF===== 
Eriochrome Black T Jjk.JI ~bll tJ.o LJ::U..;h9 ~ r,_;.b9 ~~ .(10) tj.J~ pH 

LJ.---4 u~l ~ ul ~~ ~)I C;A ~~ (Na2 EDTA) J_,b...., AJ~~ J_,h..JI ~-' 

,.JI ~ :u'l.:l ~.)j~l u_,lll .)~ ,J.:lt.ull .1...k.ii J~_, ~ J.Jj~l ~~ t?~' ~~~ 

.~ ~~ .. ..JA •• 

.J~I~.::.Jt,j~l ~ ~~: ~\;!j 

: ~ ~ _, ~I <} .J~I w\J .J:!I uc ~ j.J.J:!~I ~.Jfo ('"~I 
~_,...ti.JI ~~ J_,b...., u.o 3 ~ (25) ~~ ('".Jil..JA~I wi~..JA J_,b...., tJ.o 3 ~ (4) ~~ 

r, ~~ ~ .J. :.. ... Jl j.J.J:!~I ~.Jfo J_,b...., tJ.o wl _;.69 ( 1 o) ~~ , _;.bi.JI y w~ 

·.)~1 ,_:Jt.j.J:/1 .:ly,.._, ~ A.Ji.:l J.Jj~l u_,lll .)~ ,) .~ 

4 I tlUJI J ~l:illl 

($~1 )Jj~l ~ J~l ~ ~ P. mirabilis ~~~ Eb 
\ • •.. I ~ (5 7 = pH) 'c .• ·11 I .:l"l . ~ jW ~·..._\.. . . • .k.J 
~ ~ ~ • "?~ .).) 'J u.a ~ <u..AJ ~ • 

J-Sl ).Jj;n ~ tJ.o (%1) ~ P. mirabilis ~__;,~~ ~ ~ u\JJP ~ (100) 

.L.:I~ .l:lc. J}ll ~jyWlj ~l:JI A...l\~1_, o.J~I l).lllfo ~ ,c,~ J_,b...., ~tJI_, 4-l.a 

~~1_, (12) ~~~ <} w~lfo L..:..:i ~ ~ wlc.~ (8) ~w_, ~~ JS_, ~~ 

.(1) J_,~l <} ~ya L£ ~I~~~ tJ.o (24) 

r.R ~~ Jl.;~ J}il ~ .:,~1 c) r.r .;jll .b., .,II 

(Turbidity) o.;~l 
(PH) ~WI J.J\.lll 

( ~~l....JL;r) ci_,l\ 

(550nm) O.D 

0 6.3 0 
0.02 6.4 1 
0.07 6.6 2 
0.16 7.3 3 
0.47 8.5 4 
0.60 9.0 5 
0.75 9.3 6 
0.70 9.5 7 
0.64 9.5 8 
0.50 9.5 12 
0.08 9.5 24 
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... . J=W ~ Proteus mirabilis ~,;!i~ _»ib I==== 

1....-s ~ o~w)w wL~..~ ~ -. ·-11 ~~~ ~WI ~~~~ · 1 'till\ · · .. ~ ... -~ J. u~ u-oL»:U 

Jj._.:.. 8.5 ~WI ~1~1 ~ ~J ~ JljJI ~ (2) J (1) ~I ~ ~.JA 

~ w~IJ ~I ~~~ 0-a ~L.JI A.cL.JI ~ 9.5 ~I ~ w~l~jl ~ wk.~ (4) 
A.cL.JI ~ w "-i ~ .ill o .c ... II ~w ~~, ·-· ·--··11 o~ ~~-·. • -·· --'1 1~ • r..s-- J .)~ . . ~ -~~($~ 

Ul~l '.'.'"' 1 ~I~~~ u-a wk.~ (8) ~ .l:l~ ~ ~t.b_j;J~ wi~ ~ ~~L.JI 
.. ·.II J:u.tij II ~· ~ ~I ... II ~~I . •I .•.II -<1 • )I k .II UWI ~WI _,....... ... ~;S" t.$ ~ f'+l ~ • .. ~ _,.... r Y J c.r .J _,.... • • 

,.,, • 
0 J jl ).J~;;~ o_JyWJI ~ ~~~~ c~l ~ ~_;~1 wl.!l.....a:J;/1 uc )1......a.9 

. ~I~~~ 0-a A.c~ (24) ~ (0.08) ~I o.J~I 

).J~;/1 ~ JL..s::JIJ yUll ~ P. mirabilis ~]Jy:.. o.J..l9 ~I A 1"-li:i LoJ 

o.Jw (';---"~ ~l....:l:JI o.l.....A A.,j.Jt:ia ~J ).J~;/1 ~~\.! t}.JJ J:u~l f':/Yi e::tuiJ t.$~1 

ul ~;; (11) :;y·,,. Jl A.c.Jj.JI ~~ ~ c.rllw:JI ).J~'A'I ~ l:!m ~ ~_;~1 

~lyJI ul ~j uc ~ e::4-.)l Y.J~ ~ t..j~l ).J.Dll y~~ t.1~ c.rllw:JI ).J~'il 

~ ~_iJ~I o.J~ ~ _j:Jb 4J ~ ~ ).J~;/1 ._} o~...?.__,..JI ~\ .)~ o..)\....AJ\ 

La(';---"~~ ~\.:u\1 O~j ).J..)'i\ ~jc\j t}.J ~ Y..J~I (':/Yt 4W ~J .)I.S.:lllj yo.lll 

~I ~~) ~ t..j~l ).J..);/\ ~ .J.#.JI w\..)~ ul u-a(12) Mclean ~411 o_fij 

~ ~_iJ_r.JI ~\.! ~ _j:Jb t..ji 4J ~ P. mirabilis ~_;~~I c.rllw:JI ).J..)'i\ 

.).J..)'i\ ~~I.!J Y..J~\ f':/Yi 4W u-kJ c.rllw:JI ).J..)'i\ ~ jii.S.:ll\J yo.lll 
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======t~ .:u.....n u,.... jljl W.JJ <5JI~ ._,_... i..»-1 ll===== 
10 

9,5 

9 
:;j 
;::; 8,5 .... 
- B 
3j 7,5 
. 7 

I 

I 6,5 

0 1 2 3 4 5 6 7 B 12 24 

wtcL.Jy w!~l 

l,>A)\ 

LJi~ ~ ()Aj...JI ~pH ___J\ ~ u h i4 :(1) Ji.,LJI 

j 
J. 
·~ 
~ 
J 

~:~ 
o0.6 
~0.5 
..:.J 0.4 
·~ 
~0.3 

I 0.2 
0.1 

0 

<.j_;.41 )J.I~I ~ P. mirabilis 

0 1 2 3 4 5 6 7 B 12 24 

utcL.Jy w!~l 

(o.Jfi.JI) ~~~ j,jt&l\ 

l.>A)I 

~ •· :..11 JJ~ ~lL · '"I L4 .. ~.·'I I .1~1 o .<.,..._ ... • • :(2) · 1 ~ ~· 1 1 .. ..y- . (JA..)" ~- ~ ..r-t" J..) J.J- ~ ~ u--

. •. ·'I I ..})Lj .. ·--~.I, -.~hi\ ~~~ . ~t::JI I ~I . - Ul N' h _\ c.j~ ..) _) ~ J (_-::--" ~ . (.)A ~ J c.s'J ~ ~ y 

J)L:.. b.~_, _;&\ t lli ..J '1\ u\S t4 k )I o ..Jfo:. .} t lli) 6 _,h ( ~t::JI 1: j~l) 

4.z~l J)L:.._, (7.3) pH __l\ .:L_,_, (0.16) ~I ~ .:L_, ~ :Glt::JI 4.zUI 

o~yj y.t).! ~ 9 ~I 7.3 0A ~)~pH ...JI.} §l ~~ 6h ~WI_, ~1)1 

~WI .b., -'1 . J ~ • ·-'1 - -·.1 W)LJI w .1:..11 ,~ ~ ~ -·'1 ··i tul . J o ... < c.j Y I.? .J-l ..fi"-' ~ · J~ ...r .J-l . ~ ..>UY-' r-:Y 1: c..,r ~ 

~ 0.60 ~~ 0.16 t)A ~) ~ o..J.foJI.} §l J.A.4 ~ w_,h ~j ~\..J ~_, 
o .J~ w~l ~~~~ 4.z L.....JI J)l:.. _, J_,h.JI ~ ~ ~~ -'.J ufo h) ~j l.P 

~)\ 0_)~ ~ ~l.i:...ll ~) ~ (0.75) ~ ~ ~i ~J ~ ~~yl~ k)l 

c-a ~13)1 ~ ~ ~1_, o~yj b_,l-Uot::J\ A.c.UI 4..;1~ CO-' ~UI 4.zU\ J)G. 
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=====I~ .:u~ .:u- Jji W..J.J ~.;1.). ·~ i,):!Al ll===== 
b~ ~ ~ ~ l?~l ).J.)~I ~ ~~..ll;l~l ~1_,)1_, wi.J.AJI .J~ ul 

~~I ..L....lc ~.b. wi.J.J4ll .J~ ul _, o .J~ _;P .)1 JA lJ.o ~I _,)1 ~ w:,LS ~ 

o.J..AJI yo.i ~~ ~ ~.) d a}t, .. ,JI _;P ~lJl.:.._, .U.~I ~~i_, ~I ~1.1;1 U.a A..latJI 

l?-'~ pH l>.H struvite wi.J.AJ c:yJI .J_,l.ull ul ~~ ~ 11\_, 9.0 u-a ~i pH ~ 

wU.J:l.JLS wi.J~ ul_, ~~I ).J.)~I ~ JL:JI ~ Lo.S ~.h.: rl9 !..?-'~pH_, 7.3 

o.J~I _;i:- .)I_,.JI u.o o~ ~ .J~ ~ 1~_, .J_,l.ull ~.) ~ .)fo r1 apatite 

9 ~I 8.5 u.o pH t.S~ J)L:.. .JP.~ struvite wi.J.AJ ~_.>ill .)fo r1 ~j uc ~ 

. c:yJI .J_A{JI oft~ struvite wi.J.At .J.# f'.)!;. ul ~I ~i ~ ~ 

~I · wl:uc whi ~I .) . ~ ·. · ·--'·'I - .~1-.11 ~l.l.l · ~~ (24) ~ 
l.)-" - .) I.,? ~ .J c...~ - . l.)-" ·-' 

.)___j,c. I .)~I wu .c::- · 1 - ·'- -:. -··1'· ~l:....a .:G.) o.)~ olb.i..a 1- ··i h ~ .1.11 _, .) .) ~ ~ ~ ~ - .J . . '+"' . .J.J • .)~ 

(9 = pH) _;JI .l:.·. All • o · u .dj~LJ wl _AJI W.U::U ~ ~I .,~ .. - -'1 . --~'I (..)-'l ~ l.)-" _JJ=' •• .) • •• • - !..?~ ~ 
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