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Abstract

Background & Aims: Type 2 diabetes mellitus is a multifactorial disease with different causes,
consist of genetic damage, environmental disorders and lifestyle risk factors (1-6). Other funders to
the pathogenesis of this disease contain entrance to healthy food and changes in the gut microbiota.
Alterations in gut microbiota in diabetic patients can damage to glycemic control and show
significantly roles in glucose metabolism. Therefore, could have arisen new treatment programs (11-
21). Conversely, current researches demonstrated that probiotics, mainly the lactobacillus species,
hold antioxidant effects and may be control and treatment diabetes by controlling the gut microbiota
in patients (15-30). General studies have presented that probiotics as, Lactobacillus acidophilus,
Lactobacillus casei, and plantarum incorporate major antidiabetic properties (33-40). The use of
probiotics represents a promising intervention. Specific probiotic strains, particularly from
the Lactobacillus genus have demonstrated significant potential in improving blood glucose
regulation and reducing oxidative stress through their interaction with the gut microbiome. Honey,
a natural substance, has been identified as a potential vector for these beneficial microbes, as it can
contain viable probiotic bacteria, including those originating from the bee gut. This research aims
were isolation and identification probiotic bacteria from the stomach of honey bees that exhibit
antibacterial properties. So, Investigation and validation the in vitro glucose-lowering efficacy of
these isolated probiotic strains when introduced to diabetic serum samples. This work focuses on
antidiabetic potential of probiotics.

Methods: This study employed a comprehensive multi-step process, contain of:

1. Isolation and Preliminary Identification:

Source: Stomachs of 20 honey bees.

Culture Medium: De Man, Rogosa and Sharpe (MRS) agar, selective for Lactic Acid Bacteria.
Biochemical and Morphological Tests:

Gram staining: Isolates were likely Gram-positive rods.

Catalase test: Isolates were likely catalase-negative.

Oxidase test: Isolates were likely oxidase-negative.

Carbohydrate fermentation: Used to create a metabolic profile for identification.

Growth at different temperatures, motility, acid and bile salt resistance.

2. Assessment of Probiotic Properties:

Antibacterial Activity: The isolated probiotics showed a statistically significant (P < 0.05) ability to
inhibit the growth of three major pathogens (P. mirabilis, E. coli, S. aureus). The triple-repeat
measurements ensure the results are reliable and reproducible.

Acid and Bile Tolerance: Isolates were confirmed to survive the harsh conditions of the human
gastrointestinal tract.

Antibiotic Resistance: The profile was determined using the CLSI standard method.

3. Specialized Functional Assessment (Diabetes Focus):

Glucose Tolerance: The ability of the bacteria to consume glucose at different concentrations was
tested in vitro.

Clinical Application: This property was directly linked to a clinical study involving 50 diabetic
patients. The results, presented as Mean + SEM, showed that the probiotic application led to a
statistically significant (p < 0.05) reduction in blood sugar levels compared to a control group.

4. Molecular Identification:

DNA Extraction and PCR: The 16S rRNA gene, the gold standard for bacterial identification, was
amplified.
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Sequencing and Phylogenetics: By sequencing the PCR product and comparing it to the NCBI
database via BLAST, the researchers conclusively identified the isolated strain(s) to the species
level.

5. Statistical Analysis:

Software: SPSS.

Test: One-way ANOVA followed by Tukey's post-hoc test. This is appropriate for comparing the
means of more than two groups.

Significance: A P-value < 0.05 confirms that the observed differences were very unlikely to be due
to random chance.

Results: In the current research, 30 insulated of probiotic bacteria which had lactobacillus species
characters were identified from Stomachs of 20 honey bees’ samples. Findings include:
1.Isolation and Identification:30 bacterial isolates with characteristics of Lactobacillus species
were obtained from 20 honey bee samples. They were initially identified using standard morphology
and biochemical tests.

2.Probiotic Properties:

Antimicrobial Activity: All 30 isolates demonstrated the ability to inhibit the growth of the
pathogenic bacteria Proteus mirabilis.

Antibiotic Sensitivity: The isolates showed high sensitivity (50%) to penicillin and ampicillin but
complete resistance (100%) to ceftazidime.

Tolerance to Gut Conditions: All isolates survived simulated gut conditions, specifically acidic
environments and the presence of bile salts.

3.Glucose-Lowering Effect (In Vitro): Out of the 30 isolates, 9 showed a significant ability to
reduce glucose levels in a solution (dextrose powder) at various concentrations over a 6-hour period.
Crucially, these 9 strains also significantly lowered blood glucose levels in vitro in serum samples
taken from 50 diabetic patients. This effect was observed over 6 hours and was statistically
significant (p < 0.05).

4.Molecular Confirmation: Molecular analysis (16S rRNA gene sequencing) was used to precisely
identify the 9 most effective strains. They were found to be: Lactobacillus acidophilus,
Lactobacillus  plantarum, Leuconostoc mesenteroides, Bacillus subtilis. This molecular
confirmation validated the initial biochemical identification methods.

Conclusion: This study's in vitro results demonstrate that the isolated and identified several strains
of bacteria from honey bees that exhibit strong probiotic potential. These probiotic strains
effectively reduced blood sugar levels in samples from diabetic patients. They pronounced ability
to lower glucose levels in vitro, including in diabetic serum samples. Thus, these bee-derived
probiotics could be promising candidates for further research into managing blood sugar levels,
potentially leading to applications for diabetes management. Current research is focused on the
ability of various probiotic strains, to regulate blood glucose levels in diabetic patients (15-20).
However, presents several challenges that must be addressed (29-36). Key limitations include:
Strain-Specific Effects: Different probiotic strains possess unique biological and metabolic
properties and interact with the host's immune system in distinct ways. Consequently, their effects
can vary significantly across different populations.

Delivery Method: The vehicle of administration can influence the efficacy and integration into
standardized treatment regimens.

Dosage and Duration: Determining the optimal dosage, treatment duration, and the ideal timing
for intervention remains unclear and appears to vary between strains.

In conclusion, while this study indicates that probiotics may assist in diabetes treatment, their
application requires rigorous validation. Future research must include long-term human studies to
confirm efficacy, establish safety profiles, and rule out any potential toxicity associated with
prolonged use. There is a critical need for large-scale, placebo-controlled clinical trials on diabetic
patients from diverse populations, utilizing various probiotic strains under standardized protocols
to realize their therapeutic potential.

Conlflicts of interest: None
Funding: None

Cite this article as:
Siasi E, Karimi Nori M, Takbiri L. Effect of Honey Bee Stomach Probiotic Strains on in Vitro Glucose Lowering in Diabetic
Serum Samples. Razi J Med Sci. 2025(6 Dec),32.140.

Copyright: ©2024 The Author(s), Published by Iran University of Medical Sciences. This is an open-access article distributed under the terms
of the CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/deed.en).

*This work is published under CC BY-NC-SA 4.0 licence.
A\

VECE 3T OF au gy o)les Y 055 5jl) pBijs ogle alan http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.140
https://rjms.iums.ac.ir/article-1-9146-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-25 ]

[ DOI: 10.47176/rjms.32.140 ]

Slg (oo g iiZy so s |y o> S S
9 Y g9 b ilew loys 0 P il
sleaisS (VV-YY) sssl asls T L s, o)lse
g Slalllae b (Sigmgn lo g 5l (egiie
ooi oblas> LSLQQ) (_4\3.: geery) )l ool ! 9
odss 3l DNA S SCogijlio o)y 9 16sTRNA
b 65 ul el oats ilulazr Js slo)o55
SIY el o iSL e g SITY
Lo uglwlisSY 5l (29,5 55 45 SCldpsy 8
5o adl oo (3155 e jazto 5l (S g o 2

OLSen 5 (ol pledl

doddlo
sl g Jale aiz yla S5 T g5 s
Gl ly ol golaidl b as el aie Sdalin
A5 ool Sl sblage cdle sl i
o o aS 0g b o0l Sbey oo g4 0yl
pebais 4 5ol il b dgdl i 5 0 PLS
o0 sz 5 (S saxie Jalge abls (95 WS
o5y (V-2 sl asls iz ol sl o assles
Slole jo Ol sy a5 s oo 5155 Oldllas ail
A8 S8 cabs g Xt 4wl o olie
Wt 55 Lo 8 05 slo S SS9 2

At o Sdgmgn (nl 59, 2 0l ploxl Sl
095 e S oS Ghall b aly oo o8 el ol
Sloly pes—ax a4 a il asle ubs ws ol
N5 (oo s j5:5 0ane )0 b uglialigiSY (YL
S 5dese Sgue 9 0ligS 028y 02 slaa—ul g b
2 Sy sl JoSe adg Jeily I 5l el gl
Feo) il gl oV g5 Cabis 0loys 9 (6 Sty
5 Gjl—wlos guass cpl 5l Gae cplpln (YY
b s 5085 00 Siigasn b 5L bl
32l 6l @b el plmil  pliadsn lo s,
Ll 53U s 052 1 g (2l (29,500 o S
3 ke bl 09— S5 0 225 5
00 S lalllae 4t ] 0 o,y colSiloj] Lyl
c s> slo S 5 il olojl,lS bl L in vivo
Solem o b 625k cnl Gloys Jomuily 00l 1

S5 oo dnogi ¥ g5 Cubo

OB w09y
bl i s guif otro s jluwliz 9 659] zoz
SEgmgn Gloalsnl g al 538 Slallas vz g b
9 ddges Vo olaws wolidss o] o asdlas 5,90
O5SB 50 5 b (6551 gez ol calisee bl 5| e
3 om0l eole Ll oBisbesl 44 2 (g9l sl
b oSl azys = Ve o oyl i b gtis
b s 20 (61055 Uy 5o Sltolesl plos
o g 5l ey Rl ey SG ) eslanl
03,5] g ym ol o o SOl oola Wl b g ools

ol sl 5 wigh 395 IS e 4y B 45
Sdeie Oliass oS oo Lyl i cdw (o
Szl loaslys b oy bSgg s 5l oolil 5o
Spndg iz )0 edle Sgape adex 5l gl
DS DUEEN ST I SR
(Say b e Lyly 8 e ol glil eyl
WS 5 Sdgalbin pyai ( Sl 039, b (5 bowe
SATL b Sismgp aams go (LS (ool i
shls asiles (oo abls (55 SHIS e pulas j3 a8
5 sl e 9 099, SUgmg S OS99
3l 0925 ¥ ggh calus plays g 6Kty aie;
S (S )LSS Fge jeb anle Soigngn (VP-Y)
sl S gl giluslil liaiisy oo dge 1) 003,
1y ol oo 5 00 guilopnST oyl (sla, LS
preadsilin 2 Wl (oo b Siseag i (o0 a5
Syt |y el gl Sl 5 W3S 30 5518
0,5 as Wl lis 3l sla Jl Sladlae osisy
S s (Ssmgn sloeSe 5 L SCisns
adline hlew )5 oo (e ok arl) o3 o
|, Sl o Sigmgy 00 o LS Y g5 calys
a5 auisl sl wily oV go5 Cubs ey o
(el G glo aa s cBle el gl assle
slo oozas sl o s o3l o lo cdglio adgs
o—elf e Jiln Gog s g (e
ST T Sl il U LacSosmsys



http://dx.doi.org/10.47176/rjms.32.140
https://rjms.iums.ac.ir/article-1-9146-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-25 ]

[ DOI: 10.47176/rjms.32.140 ]

(b3 s S5 il s 505 sloSgng S

K OWINRVESRTY IS S SR P PN
@l a2, TV o 5o, alld S Do 4y g 28
Slbl o) pas ale ol s 0l (g IS5 o F
5 Gl 0l (655 o3l 1S s bl SCugo
Slbl oas sbw! dla Jlad wlul 5 la gl Cwglie
o Jasbisl Jaaz 5l eolarw! b SCgu G‘;ﬂ sl Swoo
1235 )13 (w3550 CLSI

iS5l g Byl gl g0 Ceoglio (o) po
Oyl MRS Broth oo jo o aslas 4l
AL sl e ©aigSee a4 geilimgas O A
uﬁ) :\...Q; )l o= W 065)3‘ Y/a L»).").’ pH l)PBS
4 g ad oS MRS Agar oy o 5l gl
ol Kl a0 VY sleo o el YF-FA oo
WSS 1B ) S50 e D (6,105Le S

pll g g9/ im0 Kad 1 Ceoglio (i)
agl o gl baaas I IS ST s )
63‘,0_@ S d—o )0 <Y 65[? MRS Broth LSLQ
sboo ;0 ,5ilbeSSl jo celw Y Goe a4 0l mils
Al sla diges 0 (6,10 ol )3 ol a0 YV
il 5l e 595 7 B Gialel o gl .asos ools
MR ein 350 6 FSLad, pae b as) S

sl il yo 55l s (o2 Uilyl' (o
Sl g S 30 1 0l b Siss
L)l b Sgsn sle S50 50 S6l5 Jas
Syge S aee Olyies jot S ezt alilst
L mg/dl glo clale 8,8 18 w0
g 5l Foo mg/dl 4 Yoo mg/dl ) -mg/dl
3 as ad eolaiwl b sl byl i s g 5 wSS
are g p Sl Yol lode i )ld Sa /0 Jolas
39 O O el g0 WS's el gla clale
el £ o F oV o o ol Kl az 0 YV sleo
39Sy Shls e G ol (6,108 b S
G5l 5 59,55 )l e S5 5 6251 oo Ll
A a8 8 by oo el ! diges Gleie 4y 6551

VECE 3T OF au gy o)les Y 055 5jl) pBijs ogle alan

o]

28,518 el g 3a 3 90 cdne lyme S50
2955 oM o) e b Sl 5l (655l sl
) A gy (Sapn] D0 s e
sleivlojl b/ plo glus ady/ Lol
L zdaw y00d laz slo diged (o leanidgw
4 g ol ools oS MRS Agar  _olas! oS
e 8 ol Ll a0 VY sles jo el FA oo
ol JSb Gl el sla (oS ot 6,188
Sy (Saeln (28,5 8 oo )l oS5 wiile
Sl Ky 5l e b il oLl ol )y
GBS s Jal2) loan oy SLialos L
e (59, alisre slales joad) Gla ST erus
o Olyjoues S edd oy p GEITMRS s
A bl «(SIM S Jaxe b S > ()
s bl (9,500 dd ) () p
okl e w99 el 1) (55l o ladle ]
&S L=y 31 (ATCC34071) Proteus mirabilis
oS 85 sldl_wl (ATCC25922) Escherichia coli
31 (ATCC25923) Staphylococcus aureus s ;o
U155 s 2505 g5 b gl Lea olSitles]
Adgi (gl e Baios cpl o oads olulid gle alus
1 Solow slo 65 2l 50 (99,80 ams LS 5
Sy90 a0 o5k e g5 ) 0 b o lasliul
oS Loa i ol glo alle a5 15 L)
So J1SG plye g wad 65 o3l e (e
ot | (6 )lon oS lg o ol p )0 (09,50
(Sly S 3 T 4y o glio ot iy 40
sl Sed gl (Sig (Sl Cwglie (o) 2
3 Sy crl o3 b esliiul (5 )las S
oolaiwl &l MRS Lo jo o wlos asls s
2GSk eras o 5l Olgw b ol 51 ey 0
S sle Smos b mdls BT Gt Jge Coly
(59550 V) el Jolid oyl (Soig
V) o551 (59,500 V) b e
i (579,500 Yo ) (ratsnS gdas (579 S0
5 (595 T0) eS8 9,50 T0)

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.140
https://rjms.iums.ac.ir/article-1-9146-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-25 ]

[ DOI: 10.47176/rjms.32.140 ]

Fa¥ oV (Sl ol L ain i (o IS ailko S
ead lax slo gy 10 56l alS Jlade el
Abbot Jus) ;5 YUl il ol ws b ags ol Lo
oS ool b g (IS5 0] ,4—i5 Alcyon 300
Laly s s ol ol oleys Lids (ol __azsl
IRGRRVES TR L & ¥ V1]

e g i JoSso g wli s
0d=b (alwlid (liorBom (B9, b &S (SS9 n
wolais | glo ol 5l oalital g PCR s, L ctisg:
o aul JeSUge as 51 I6STRNA (5

o 555y DNA 2l sl gl DNA glysiias]
a3 s ool 5 5) DNA glixil o5 )
s oalitl (] 9 o5l

soud gl tiaw] DNVA coids g Clile vy o
oo b oo gl ydul peiy oS g clalé Corws
59381 U5 95 50989550 (b9 5 ol

Sl :PCR) jlyouds (slopuzij yiiSly ol
lopmy Sly 5l Lo alynl (JeSdge ol
168 IRNA 5 ol il sl oyl s 5lhacds
JS,Lga 5 olK2s Langs PCR 2Ty s solicil
VO pon dr 0lge b (Ol )9S e 3L Joe)
5 STy 5o oolaiwl 8550 dlge o plail g S
59 i 5 A PCR ol s asliy g o joslyy Jlgs
ol o 03, T B Y Jglos

iyl LT 5 Lol 7 ona
o aulas 0 16S TIRNA 5 oS5 51 s sL2o0)o
gz b digas 2t ool PCR &Y gams o iy
Olnl Bty (y3ld Sy &5 b 4 I e
Sibolaz o xSk g e @l o JLu)|

OLSen 5 (ol pledl

L Samgn sle 6,850 j0 5565 Jood olie
3-8 Abbot Alcyon 300 Juw) 5 YGTg! oo
ol ol pl SHb leyo Wls o8 )8 oS (lS.lJ.aT

2 SHsvin sles Tl o Uly ()
Som il ohlaw (85 pr—w T prals
SPPL 5 Seieln e ma—ass oliubejl sl
S asets b (lied (599)9%) Selen S 9]
€98 Cubd 4 dis Jlows 0,3 00 slaws wad auasise
Gyl o8l b ada s Glaxl )90 09,5 lgim ¥
03g05xe ;3 LI BMI g 009 Jlw O B YO i
A (659> e 51 0e YAID-YO o s
B8 ol 1 5 (35 40l ol 5ol Joe
51 (IRIAU.TNB.REC.1402.095 ) o ,lo—u as
5 s oylya5 aly ool of5T olSils 5N aaS
2 Nges o> 28,5 plonil (St la auly cole, b
SSSS s disa > dalma Jyo ol
W, 0 llas mhaio b ailbowe ol jo 0l Al
oy 4 ¥ 55 s 4 Mo e aigai O
5 e 9l oz yshite 4 o Qbal (Bolas
oole W3l slaalyl ;o diges (95 (55l aisd wil,d
5o oo (gilulas slap pus 0l (55l mex Slail s
RTINS EOWIP SV R S g4 EIWIP ES S S gt
U5 oy 2 gl 2BEtolojl Lyl 5o dalllas
08— S GRalS o (Signgn lo 4yl
b 6L Hoke cnl slp o planil (20l lles
Lol Y goi cubo olhlew 5load lax (55 oy
in byl o b alie Jald gl el 3 gly g aiad
ol 3 sl a0 YV [5ilioSSl jo Lo aliged wvVivo

PCR STy 5> o odlal slge — Y Jg»

L5y ez (29,550) o2 el
IX eSn yimo il W Joe (e VD

< by -fo J9e9sSen -0

Casly poly -fo J9e9sSen +10

DNA 450 Y PSPk
odd yuadi )b 93 a/a -

e \ -

1

http://rjms.iums.ac.ir

VEE 3TAO OF+ ain sy oles Y o5 15jl) 1xBaisju ogle alan


http://dx.doi.org/10.47176/rjms.32.140
https://rjms.iums.ac.ir/article-1-9146-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-25 ]

[ DOI: 10.47176/rjms.32.140 ]

3 oy S5 SRRl s 55 SlaSsngn )

Casly g o youly Slaseio =Y Jous

S Js ST el
5'- CTGGAGAGACTAAGCCCTCC - 3' o yolp
5'- ATTACTGACGCTGATTGTGC - 3’ Casly youlyy
PCR plsl cqx glod a8 2 =T Jgaa
& ol ol °C b als o

\ e b adsl A5 azdyuls
Yo Ay a0 b iyl
Yo by 5. Juasl
Yo by vy S5

\ FHEYS vy il S

ol o il (6l3e lom 6l (65T e Laalyy!
el 00 oalo

ot lax oL ySL sladlynl (Sbgm 5T Cuoglia
oads oald HLid ¥ Lloges jo ¢ e (slo 505 002
5 el & o Ceoglie (i
el 00 oo liwe u...l._.» G»-OT 9 u-*J-*-“’

sl s bl p (Sgmgp oty oLl s € Jouo
398590 5 (leonisn

+ P Sy
- SYBK
- s
- "SP
+ 58k
+ )94
- NEX
- soaly]
+ 5e8YE
+ 559l
+ sele
+ 55
+ 355
+ 0°C
+ ya°C
+ yv°C
- ¥o°C
- 5.°C

VECE 3T OF au gy o)les Y 055 5jl) pBijs ogle alan

\¢

ok sloools Lol ol wl—wl poai
A 5yl8 e gy cadl ploil s NCBI Sledibs|
5 SPSS 138l ¢ 5 5l esliiwl b Weosls o g, lo/ U7
54355 3,90 T-test g ANOWA (g Lol 5031 ol
P sino g o I6T olas o sis 3 ol
A% 8§ Ly o +/e0 5l 5SS Pvalue b oyog

sl

Siavgp s 2 lwlid g gjllis

sloce—ud g islsd)g0 () g2l
Srdises JolS g3l (@l 5l am o beadsu
ot 0390 0dal Cewd &3 Slo IS Jus j5:35 oare
0 S glo IS (533 90 el a2 5 L3
oLt | b fealisiSY joua> MRS Agar e ,
$lp elon—dsm e s mls F Jgam ;0 0l
el 00 0851 davalg

Sloalls Loaly 11, g Kot Corllas gy i
Glaag w4 aiel glacs s Bl bl oo, pac
A5 )T I8 e 950 (Soignug
Mas 9 Mz sladsloz bags usds/ st sSslsln]
s & o o s ¥V o, sie gl s |y
sty daaslin ol o b e Laaslas
VE LAY o, pae gadle b U 1) adolpee
ALl ln 43S (n e S e e
by pae galla yhd L May g Mas slaaslas E.coli

@95 s> Jl N loged j0 atsg e dee A

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.140
https://rjms.iums.ac.ir/article-1-9146-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-25 ]

[ DOI: 10.47176/rjms.32.140]

OLSen 5 (ol pledl

(90N Cullad (2

{pslie R ¢ ol asd il Gl 3S) (Sigug slosigs (Siigm 3l Canglio =T 15905

40 g ddgs 00,5 o ot (g9l slo S o
39 polie Azl
sles L y0 ol Jord o Uily/ gl
@S LigpimnS0 jogy jl ooliii] b SCuigwrg p
cble b (Ssmgn sle @S 0 S5l5 s
mg/dl 4 Y-+ mg/dl V- mg/dl &+ mg/dl sla
TRUNIIINE 2P S0 SPLIRUR VAP VIS PILEA SR PVISI I
03,51 0 5z e wdll slo Ca B Y Jloged 0l
Velgpl Ve ol 5l Juols ol ol sl oo

http://rjms.iums.ac.ir

A

91957 Sl (2l ol g
el ¥V b ot/ e canglio e’
Y10 L ol pH LPBS L3l ;s lealyyl o lasls 5
Sass Jolax o 215 den as b yled o S
YA L Ms aglas oz sl 1, V-7 CFU/ml IS
O S oy +IFF L Mas alaz g o it do o

sl 1) Gl easy
e 5> i Hi—e Kod & Ceoglio Cudd
dgpnl ded o0 ¥ (g5l ,a 0 slaSes 4 Cwglio

VERP 5T AF agy 0,les Y o5 5l ipBaisju ogle alan


http://dx.doi.org/10.47176/rjms.32.140
https://rjms.iums.ac.ir/article-1-9146-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-25 ]

[ DOI: 10.47176/rjms.32.140]

(b3 s S5 il s 505 sloSgng S

80

70

60

50
3.

% 40
X

30

20

10

0

M2 M4 M6 M7

M10 M18 M22 M26 M28
B Seriesl 49.14 47.104 45.84 35.72 50.6 54.44 50.84 47.94 47.6

W algi)

i 5 gols) 0 ML 605 CBE 5 jynSs iyl odlial 5515 Jao > (S o 65 ol (ol ol (= ¥ g0l
3 o (3L il 5l am g ymnSs A8 polie a8 ol lis 8- mE/dl (B clale 5 59,58 y3g 3l ookl b 3S4l5 Jess )3 (SSgmgyp sla 6,5L
FANFEYYIYAYES ©joo dr b dsjlane Blpul 180k ygo dr ld ool a3 Jials b aygw ol 1 8 azel_w & Jloj ojl
SYIAY £ AEYAND D+/AF £ Y/YYNNY OF/FF £ 10/0+00 @+/5 £ Y+/-Q0VY FO/VY £ YY/£-YYY FO/AFEYY/V-ADD FY/YVEN-F/¥YY.5
(sl 00 S FV/E YN/ -VEM

160

140

120
100
80
60
40
20
o M2 M4 M6 M7

M10 M18 M22 M26 M28
BESeriesl 91.28 90.24 89.78 89.24 89.76 90.3 89.66 47.94 68.32

o

4930

i QU5 gt) Voo ME/dl gud clale )3 59,085 pg jlesliil b 55 Jood 53 (S sl Sk ol U5 @l (o =T 13509
b (558 guadls 51 am; g0aS> 03 polie o8 ol Lt Ve e M/ 4B clalé ) 9,28 )35y 5l odlisasl L 39S Joos )3 (Sigmgn sl 5,58
FAASYYD AVYA L YA/AEAY Sjgo 4 iy & lme CBlyssl E 1Sk Cjguo 4 > ol aitily ialS s dygus gl 1 8 dielis & Sloj o3l o
CYVAAY £ ALFYAAD ¢ AY/SF £ FY/AWVA L Q/Y E F/FOMY < ARYS £ FYAYEFE L AU/YE £ OVYOAYA « AAJVA £ FY/VE.QS . Q. /VF £

(o 023 S5 SAIYY £ DA/FYAQY

il 5l e adal GBSl ok ol les 5o o
PEiolojl bl s ol la o 4 Lo ST
L3 s Ollew 093 o 545 a8 (e
Jomaelw?f?sf oV JSbjoslu o dnvitro
o3lail ol )3 cilow az o VY sles jo (6,105 aibs )5
P S5 G2l o Sgmgy o 6,5
2V ge calis adlis llew loab o 9>
2 tel 0asi 00,51 B jloges jo alliinle;l bl

VECE 3T OF au gy o)les Y 055 5jl) pBijs ogle alan

q

il ol Gliee ralS g Sl Jeos 4y 06 g
o3l ;o caalllan 550 e ¥ jo SIS Jood o)l
(SEsmon S alsnl il 5l ey el 7 Sl
P =-1V)ob slas ) g lobixe rals
o9t slao Tl o lily () 0 g
Mo ylhlow (55 o 40 U5 ials 0
) 3555 Joow Ul aS Sgmgp alsil 4 il
P S 50 (2als Sl ol essls Ll

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.140
https://rjms.iums.ac.ir/article-1-9146-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-25 ]

[ DOI: 10.47176/rjms.32.140]

OLSen 5 (ol pledl

350

300

250

200

150

100

50
2 M4

M10 M18 M22 M26 M28
M Seriesl 202.06 192.34 205.02 222.74 201.12 207.94 223.72 207.26 2322

Al g

RLS

e Uy @) Yoo mE/dl ab cbale ) 59,083 39 ) edlaial b SIS Joos )3 (Sgmgn slo 68 le Iy @ls (2T o900
3 1o (63 el 1 sy 59 nS> AB polie oS o pLis Yoo ME/AL uB cdale )3 gy y3gs 5l edlil b Sl Joos )3 (Sgmgp sla 5y
TVEIO-AVA YN[ 5 £ AJFANY Syguo & iy 4 jlre Blul B 1Sk O jguo @ s Cawl atdly ialS b dygu gl 51 8 aielw & (gloj o3l
YoV IYE £ AJAOYORYYY/VY £ OAIVESDD « Y-V/AY £ SE/F5Y0 Vo) [NV £ AF/ASOA cYYV/VE £ 05/AYVFD Y0/ £ AV/YAFYS  VAV/YY

(ool 023 SSYYVIY £ FY/VRAAY

500
450

Tt

M10 M18 M22 M26 M28
B Seriesl 283.24 281.66 256.32 241.22 24398 289.42 256.82 241.78 243.68

RESES

4l g 3

ol QU5 @) Fee ME/dl gud Ll )3 59083 j3g Jl dlaial b S Josx 53 (Sigmn sl 675k ol QIS @l (-1 yl39e)
o S il ) am jgyinSs 48 polie a8 ol Lis ¥e o mME/] ouB clale (b 59,5 3 3l ealitil b S35 Jed )3 (SSangn slo 5,5
£10-/YAF YAY/YE £ V0VFOPY & jou0 &) i 4y sline Gl £ :Sils & pg a4 1y sl 4l S o dygus ol 51 b disls & lej ol
CYEVYA £ VAQ/VYEA (YOSIAY NEFIVE  YAUSY £V0Y/AFY (YFY/AA £ AWAINYEY  YEVYY £ VAQ/VOVA YOS/YY ASEIXVEY (YA /55

(Gl 0as 3 YEY/EA £ VAF/AFYS

o Loalis (Jeso (o lwli b gl 5 RbS e dgad iy SIS (e bl el

‘541.\.‘34 FLY (5'1[9 LS...:}ujf Aiges )‘ DNA C‘).?L'L__u:‘ 6[._4& d_ljﬁ‘ G.& )‘ o el ? (_S"L'c) o)l_a

bl it o) (obs phlew 93 p s S5 2alS P sl s w—""u slllas 550 (Siseisn

LPCR STy d(adgpl 2) sl & _aols;l p=+/V)ols oylis dnvitro layl s
Y

http:/rjms.iums.ac.ir VECF 3TN0 (VP wi gy o)l OFY o555 15jl) 1pSaisjs ogle alan


http://dx.doi.org/10.47176/rjms.32.140
https://rjms.iums.ac.ir/article-1-9146-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-25 ]

[ DOI: 10.47176/rjms.32.140]

3 oy S5 SRRl s 55 SlaSsngn )

o Sh il Gl ds meeln?

oy o) wslw £ o ¥ o Jlosojl 1 (£Sh gl 1 an 9 (£ SL gl 5l LS Cobd 4 Mie (hlaws pyws ElS 5 g Sl Ulg —£ Jldged
OiblS e aisle & Sloj ojl 1o b gyl s 1 am by 4 Mo ()hlaws oy 53 o5 A8 Hlaide a8 0 Hlis (8 cobd 4 M il (g0 s
LXO/5 FYYIEY L OMYY syp a celw 8 9T Y Gloj ojb sl lre Gyl (1, Silo & ygio 4y poalis) (P <« /20 ) ol aily (golno

hls (e jouiy (VYY) wlaa g )8 o3
Dg> 0dxe ;0 (608 Ay jastie (99,500 g |
5 LY el o 5L el b a5’ ol
S5t Seigmon Plyr L plops g i
ol il e oS wleols lis po ! Sladllas ol o
bl upbolsTY (ogas 4 2l S sloays
Sl asilgs oo olisS 0 iy @y slode—ul g
wdls gl o Shos g S 9lS paidplio p (gunde
ol adg ble gl wl g5Y 00 5L
Gl oelal 5 009, pomg See Jolas 40 0lisS 0025
(onl ol il cdles sl pi——w sl
025y oy Gral Fiwgn b le LwslwlssY
LgLQ,o.w.ulSVa 5o Sl 9 oSy O cs“’l";' ol.'a'55
by y 0, 8oe iile ol 55 (cote (somdsilio
S5 gl e g SIS Gl e o
o & Ollas s Hse 28 e g
5 2l plio o lo 5L (pl jo—a> bLS )
Lgbbﬁ_w.c o l.@f“ b__M;u)a‘ 9 &‘ LA Lgl.an.aSw
-Fo) cnnlasls y ldl codlw (gl g (commd gilie
sl Sk glalbizr a Gaghy cal po calple (VY

VECE 3T OF au gy o)les Y 055 5jl) pBijs ogle alan

AR

(el Cowty VIV/AD £ VDY 5 \YY/YA

L 5,10 ,Se 9 59,571 J5 895 5,939,590 51 s 0
Slo iy (uiSly OYg—amme Jlgi cpns Sl 5
M b Jlg s ol .23 )5 aloxl 5lhends
5JUH(NCBI ) (so55:05 g5 Sledbl oL 5o o Jlgs
U’“"L‘“‘ » 0l ‘S’L«.ut.w leb 4.%9*» 4‘5‘5S.|9.a ab.a LD
algnl A oges dmli |y ¢ olion—bigm slo c s
Slr s ool i casdllas ol o Sldgmgy

P Dl Suslls Y ( pusldghess uslls Sy

omlgw osle b g oy e Sl wgisSy/
.J.is)y
& : 3

S lem (riels 5l (S plare 4V g5 cubs

oges Sdbo sl gz LU e 3 STl
ailygls Sloys sl Sal; aiel g 95 oo g
los S sla gy o3l slaJlo yo .ol Sge
el ol 3 1 035 porg Soe (Sl A
03,5 Sl gl 4y Sl § (95 p s S'5IS
Ol a4 Sgmgn sl S il Gl yo ol
4y S50 abid J S 5 6 Sty ) ol Jalss

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.140
https://rjms.iums.ac.ir/article-1-9146-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-25 ]

[ DOI: 10.47176/rjms.32.140 ]

ol o 5 e Gl (B4 5 Gk
YV s J—w o o)L ¢ Hajighasemi .assg
Sl (Signgn la dynl (99,50 wb colad
Migalls sloy5950 ade 1) GHJ Y g ama oo
S 03,5 (o) 2 oshygl s phSli] 5 it S/
oS58k sl o Sha b, pae sloalls ol ccls
slagSh lie )0 windly by agm (oled g o
Iy o9 SuiS Cailes 3l adllac 5 50 sl5c5 Lo
S xSU ol addlhas 4o (FY) wins lis 045
950 3d Sl e 955 5l oo lax SSgmg
orelolee sostinn O35k S0 e SU
ol Gl e, pas sloalls ooyl cele g o _ilo
Cllad usdsl S sT Sl 5 E.coli s )born
$lp g e A JIY o Ecoli 5 xS 6l y
S VB O (rm wshysl s s shedli 6 ST
19500 32 llad 5 (Sdgmgn sla 551 og
Sladlas 31 o aled co v oo l—ii |, (598
clw o saie gt Jule SO laie an ol
50 S L8 eolail 0,90 (S o slagle,o
JVY ‘_JL»» o9 u‘)ls.o.b 5Hamdy ARRAY Jl_w
20,5 o e molio 311 51,8 e oauiSad s
45— 0503 ()1 Sdsmgn |y 655 cnl gl
Lyl b4 Cois 055 Jood wogad lax a5 ol
oSl glem sl g ssli—o slaSal 292
b adazg L(Fe 5 ¥9) sl lis L_doss
Saledgnl ol iagh olerdsn slagiale]
Jood a5 aiad il kb uplol &S558
S3lrio S 3925 9 el PH 4 Cod (055
L ol Giegh 0 mlo plasls lis (lisgs
bl .osls cillas Hamdy ¢ Esawy lallas
Lo Sb slp pee Lo Sy 5l (2 SIS Jes
s b jo ailgl Wb 1y el Sigug

http://rjms.iums.ac.ir

'Y

OLSen 5 (ol pledl

P Wb g e 535 o0 10 S92 90 SiSsmgn
bl 5 5o (ubs plhlew 093 o S5 alS
oS Lol U Loy g ol o aisls  alSile
Gl )3 (el i 2 Sl g 009, pomg S
ags ;0 08 il alyy se wadls Sl
LY gg calis S8 50 (g ) sl oSes
o Jos 53, » lallae plaol bl 4zl
Ol e Sl el el 5 s
odxe Slo SSgmgn Fl 5l (ABAlesl Ll )0 o8
R Ohlew py—w S9S palS n e )53
il ol s L g olital Eenl out Jol>
Ceodms ConS S5 (5l o> o Sl g5 oo
b0 (g3l slas Sl sgas ) 2bs ol less
ol ) slelon JS 515 gy ol
(e Ndg Cade )5 Lo Sl (nl g gsiie
lacs 551 el 5 ols it oliarbom slo inle;]
b She opl s o jlauSTy ate YU
o arod—b oz glog iShas vos o olis
SITY ol sl ySb 00l 5l uphilisTY
Y-vY) Jew yo (il e g Shemshad .ol 3l
S59958,50 b 2l SIS Syl « Ssmgn slo S
LT 50,5 oLl alice Sloogas b Ll ggite
a1 5 it YBIS el S5 | a5
GBS 93 cnl J5 Gl 5HAFY) i )57 (015571, e
W0 b Sigmgy olwlid jo suliv mls glyls
2l @l 5o GuelS sle,gs U 5l (S riares
o oS 5 & L] ool dacSiigng
pobie LoSisn ol 4y a5 (Sisasn sles Sk
5 00 ;IS5 5o job 009, 3 Wlg s i
09> dagh Ay ol ool oS i) 99 e Jolas
WS oo SaS bl 8 s panslS g, S als
YeYY J—s o o,I&an 5 Abdelsamad gaslUas
S)ge Sy n Lo L (ooled a5 ol L
ol oS (5T 5| (gmmmsy ok @ Wil (s
o 5 el rmslogg ¢ b ] el
obod ol adllas ;o (YA) Wog (s il
Lo Sga Bl ar i 550 90 5> d Loaly|

VEE 3TAO OF+ ain sy oles Y o5 15jl) 1xBaisju ogle alan


http://dx.doi.org/10.47176/rjms.32.140
https://rjms.iums.ac.ir/article-1-9146-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-25 ]

[ DOI: 10.47176/rjms.32.140 ]

3 oy SS9 IR 5y Jus 5585 oSSy ]

Iy =l ohlew (93 0l o s gxe il Lo ]
oals o ol ragh mls (YY) ol lis
Ploebo o b ol G9> o S5
s Tonucei gls b gols oylas ol ale;l Ll, o
oL Ken g Wang suiss o ol cillas o Ko
JoSe B8 e aS Sl 0als ools L Yo YY Jls o
iy oplis Y (9l SSsng
pisz oshewlsSY ugtoctlo puslslsSY
e SY sy S ligiado g padlo (T oo S Lgdade
kel Gl 3 a8 7S » suhe SIS
o)l ol el an sl calis 4 e Lo
W oSase dn (SSgmgpn w5 5 (nl By ae aisges
Shlem (95 w8 o o pxe ol 4 e alan
&ug.ugf (Y\) S 00 Jf..S 05; L; d_......al&a B
b alin 5 ol iyl 5o 00l glulaz sla
pr— Sel5 0 gl gxe ialS Wang guod
ol alalejl bl o 1) (obs lhlew 055
VeV s o o) g Neiva  .cwl ools
5 o & ol S8 0 b Solgg pn SIS o)
aS ol s oyl Jawgs oo plol Solednw
u_tl_m 4.&)L-o u‘)l.o.u ).b ng_i_..aﬁ.usf )‘ oolai
Ohlem Os a8 Juals o sade OISl wiles 0
aslllas gl b Ul sloassly (YY) o—sbiaz ol
Slean Y VY J_w jo il Ko 5 Toshimitsu

Clodg—w as wilools ol old by ol .o ils
el sl e C5Y el slas 55 51 ols
o) 5 355 o alie 5 00ls alS 1, cyoe
Uil )e 9 Moravejolahkami .(VV) o—is 0gups
STl 5 Sled s g VVE s o
yoe ol oSl el Ao M e
9 th_iug.u); ‘L""S“-’ﬁ*-’ﬁf )‘ ool Sgal W
A5 5 samie SIS aSlg oo Lo g
sloasls 5l (S n sgnn 9 S RalS (SeondS
ol acal asle cobs 4 s ol )lews yo Sdgplie

VECE 3T OF au gy o)les Y 055 5jl) pBijs ogle alan

VY

00) el 5515 0l Lloass gsl> aS blsS
Sl gl a5 9SS yogy aitS odled 5 aniley
Sy e S Ee o ol A il o Sl
Ciz Ul () 9B coliiul Las 5L
losliiul b 9IS oo ;0 Sdgmgn slas 2SL
Sy90 50 (e SleMbl Wilgs oo 59,5 uSs jog
Ll 5 ol i cnl o Ses 5 (Slooniy coublé
as” Wlools i Slalllas .o gl o2l Gcblf_.ip"uﬂ
2 Sokite @l LSigns n alise sloays
Sl iSL 5l (F o wls SIS sl esliul g Joos
5 ropb—wlpTY laaiss aile SOV i/
M 359I5 53,5 0l plie 4y )38 g gty
“V0) 0iiS o oaliti (655l ae Slgie 4 o 5
Sl Sy p dgnl A ol fagn jo (1)

o3k 5o O RalS 5 oS Joow as 4y ol won
Pl eoren w0 sl £ g TV Sl
e B 93 o S4IS palS Lo SSgg
g D oolaiwl (o loyl oyl o b
Jaldion i foa sls s ) sg0i o o, Sl
P (ekessligiSY ugldgansl (aglssligisy
orliag— wsle—al 9 (eadis Uie S giwsisS sl
S8 aaT o 5l ine SIS o (6 2L ol gy
Shey osb yo btbn Olles s o 0 28 2818
A0 L AR I Ll ik 0 55 e el £
g iz SISV Jlw yo oK g Sabico

0008 (w2 e Olilew 695 2 ) SS9
by ol g i Sgumgp JoSe ol jlews 0,5
SalS JpS 0 gyl e dgape b o] gl ais S
o (YY) ol il hlaw (95 39S mhaw
09> SolS Sals o gl g SralS ea i
Al oanl_iein vitro lal, & yo b ol lews
obo s YO YV JL jo o) g Tonuccei
5 oosbbsi ol ol wlis Y (s5l> SoSsmg
s w39 009ed osliiwl ) pgcbeder o T hgtide

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.140
https://rjms.iums.ac.ir/article-1-9146-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-25 ]

[ DOI: 10.47176/rjms.32.140 ]

S Sl ol oo b Cudgazme plw ez
obsS Sloj 03l )0 (bd Jlew O 9> o p o
sl Joe jo g ais Gldllas pl oo 0g0s o,
Fin @igas > b (b oo IS el g Sy
O gy slp 5 Gk (il lej
38 090 ¢z (nl @l b g 330 lapanslSs
3,5 038 Olasow bl ST )0 ax STl
035 lgael (9> 3545 ralS jo Le Slsg
5 oSy doSKsmg s 5l ool Lol wo
Olye ar il s cales S8 50 L Sga e
A o lalial lagleys LS 5o JoSe o S5, S
ol Sedgmg ot il LT (gl 09 428§
5 s o) odme alex 3l calizee molin 5l oo
Olbom (5,155 5 (sronl g 55 Ll 6,550
sl Jow ;o ol g o in olagos ( gube
aarg bogd oo dogi b 2l 5 s
00 S iy ela iyl osds bl Slalllae gl
P OS5 (il 5 g8 bl S L 5
1, LT 51 ooli ol sotyT o ol oo Lo Sisms e
Oy ol p3 led anl (s slo JoSao plgin
5 IS il Ladly (o bo JoSo cpl 0 )18

Ak olyen F gg5 cobs ey

& o5 A
Signgn SLa,SL (o) 40 Ghagh 0l
G2l 0 Ll Jemaily 5 e 55055 0me 53 992790
@Eialosl bl 5o (b olless (95 o SIS
ol aalllas ol 5 ol ol ool azsls
pomsSee 5 (7P JlE (Fn £555 AT S0 o
W5 iz Jold a5 3,00 S92y Js ;535 00
o SSgmgn onl ol (SSgmgn ls> b b=t
Loa—alie )0 £55 5 Slgld wlade a0 4y L
3l g Sloys el Sl g)ls la JaSe
G )3 W 5 sl (S g 5480 4 g)ke
rosbgd] sl lsTY o a5 - Sl>
9 oy ptise SgiwgiaTy) og, Ll uslslsTY
e e sloy 5085 oome 5l puecketigew uplils

http://rjms.iums.ac.ir

AR

OLSen 5 (ol pledl

A5 3 S5 ol 3 sl oty ol
o ol bz mls (VA) cul ooy las cubis
08 e SolS Gals p ) e Sdgmgn Fge 5l
el ools las aBislesl Loyl jo ok ol e
O ey @ VoV s o il Sea 5 Aydin
Calos ol ;o 039, 98 5 grnb DYy axe
9 b DY gane a5 Wols s oLl oSl
5 Oberd 50 (oot A ailgioe 035 j5ld pelais
SY gamo jl eolawl oSl ar_dls cobs S
G oo Loy 5 Lo Jyi sl 5| 528 oneil
A gne o Wl o LoSSsm 9 LoSilsmg
Oelg—il 0 Shoe 350t 9 Sl 8l o Seo—nddS
st 5l oSl diagad G ST 5SS
OHlas cod g o lasliwl slale o LSy Wil o
g ol gt muls (V) 09l colawl Siy
Sebo 75l am (0bo Glhlew 9 p e S5 2alS
Sl lis il Lylyl o,
6l kit slag il Se bl Slidos 4o
Lol o5 el 00 i )158 S Yool gl (251
035, Py See Jros «slosgy o 5o dguge
5 Oelo—il 0 Shas S5 nie slocdplie vy
SIS 6o e el (95 SIS odas
5 sl sl aly JroS L (28S pini oelas
TE) Al (oo S Sl b 03 Ol el
4 G'lsau.Jl: az 538 Oledlas jo uoren (V-
S99 Cubo S o b Sigug 5l eolaiwl ais;
3 &5 & plgo bl ol dlea jlccul ails

5 Sglite (slajen cooliinl 990 Sy p sladsg
Sg05 0,Lil gLsS sla Comaz yo Loy loj S
Sladlae L i —wljen Gudss ol sloazsl (YA-YY)
ey—as 4o Lo gy oo Sl (LS
03 e SIS alS o |y L GuslwlpTY
Lol ol plas aBiglesl Loyl jo b ol Lo
Sladllas g in Vivo g, 5l Sldllas ool 51 golass o
S 5ol oo solaiwl YU dges pa b b
oolaiwl 2B iulesl bal i 51 ol aslllas jo aS
sl ol Gadod sle Cusgase A Cul oulds

VEE 3TAO OF+ ain sy oles Y o5 15jl) 1xBaisju ogle alan


http://dx.doi.org/10.47176/rjms.32.140
https://rjms.iums.ac.ir/article-1-9146-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-25 ]

[ DOI: 10.47176/rjms.32.140 ]

(b3 s S5 il s 505 sloSgng S

Biomolecul. 2024;14(3): 310.

2. Sims EK, Carr ALJ, Oram RA, Dimeglio LA,
Evans-molina C. 100 years of insulin: celebrating the
past, present and future of diabetes therapy. Nat Med.
2021;27(7): 1154-1164.

3. Lee SH, Yoon KH. A century of progress in
diabetes care with insulin: A history of innovations
and foundation for the future. Diabetes Metab. J
2021; 45(5): 629-640.

4. Khan RMM, Chua ZJY, Tan JC, Yang Y, Liao
Z,Zhao Y. From pre-diabetes to diabetes: Diagnosis,
treatments and translational. research Med. 2019;
55(9): 1-30.

5. Cole JB, Florez JC. Genetics of diabetes and
diabetes complications. 2022; 16(7): 377-90.

6. Vitti-Ruela BV, Dokkedal-Silva V, Hirata AE,
Tufik S, Andersen ML. Sleep and probiotics in
diabetes management. Prim Care Diabet. 2023;
17(2): 200-201.

7. Zawistowska-Rojek A, Tyski S. Are probiotic
really safe for humans? Polish J Microbiol. 2018;
67(3): 251-258.

8. Krawczyk B, Wityk P, Gatgcka M, Michalik M.
The many faces of enterococcus spp.—commensal,
probiotic and opportunistic pathogen. Microorgan.
2021; 9(9): 1-20.

9. Latif A, Shehzad A, Niazi S, Zahid A, Ashraf W,
Igbal MW, et al. Probiotics: mechanism of action,
health benefits and their application in food
industries. Front Microbiol. 2023; 14.

10. Maldonado Galdeano C, Cazorla SI, Lemme
Dumit JM, Vélez E, Perdigdon G. Beneficial effects of
probiotic consumption on the immune system. Ann
Nutr Metab. 2019; 74(2): 115-124.

11. Croci S, D’apolito LI, Gasperi V, Catani MV,
Savini I. Dietary strategies for management of
metabolic syndrome: Role of gut microbiota
metabolites. Nutrient. 2021; 13(5): 1389.

12. Zhang L, Wang P, Huang J, Xing Y, Wong FS,
Suo J, et al. Gut microbiota and therapy for obesity
and type 2 diabetes. Front Endocrinol. 2024; 15:
1333778.

13. Aydin OC, Aydin S, Barun S. Role of natural
products and intestinal flora on Type 2 type 2
diabetes mellitus treatment. World J Clin Cases.
2023; 11(1): 65-72.

14. Kumar M, Muthurayar T, Karthika S, Gayathri
S, Varalakshmi P, Ashokkumar B. Anti-Diabetic
Potentials of Lactobacillus Strains by Modulating
Gut Microbiota Structure and p-Cells Regeneration
in the Pancreatic Islets of Alloxan-Induced Diabetic
Rats. Probiotics Antimicrob Protein. 2024; 1-21.

15. Zhai L, Wu J, Lam YY, Kwan HY, Bian ZX,
Wong HLX. Gut-microbial metabolites, probiotics
and their roles in type 2 diabetes. Int J Mol Sci. 2021;

VECE 3T OF au gy o)les Y 055 5jl) pBijs ogle alan

Vo

oeplS il coad (g5lwlas sla o 2SLasas
Ll 5 5o Laid ) (obs ohlaw 095 pr— S35
sl xSl il sl i a8 sl
3 Sy 0 )8 lp (e o) odae SSgmg 0
b ol g in vivo Glallle 4 Y g calis
b s SL ol (etdu 31 ol (sl cl plis 2l 5L
i b L3l )85k 5 (Gleyd (g5 sl asliyy o
p> boo s ool Sldllas o ubs ol so!
@ o oF (Ysb ko) g it diged

2Ogd

P g g
S3999029,500 09,5 pyime slasl § (Ygtuns 4l
oBinlejl g Jlamis oyl g codlsl of5T ol isls
o9, (nl Gzl Jolpe jo a8 b aioadl LasS
23,5 co (6Nl Widgey8 Az g S 5 5 Sen

N ol
Gor—ils asli Ll 5l 7P e Sl allas

olﬂ oBils M| alaS Langi aS 091 (5,95 (g0 ,S

seme ojla—d b Jlod gl oy (oMl
S8 ol 5,60 IRIAU.TNB.REC.1402.095
O

OB s/ e Lo

S5 oS dazme W 039 n 2l s (b 5o
gl ool o dy ¢ Jdo g ayjod s Sl oS, G
pldl 250 @il g,8ee b allie g i OB
g lie Slgiome 38 g (o) D plonl (ol
O yg—o 5SS Ll 350 @il b ol syl g
ol dlie )il BB adens Ll anli o bl
B 5 6 5eSS Ll 250 @l 5 (sl plodl 25
sl o8 ) lis (5,85 (g0, dasne

References
1. Sharma C, Hamza A, Boyle E, Donu D, Cen Y.
Post-Translational Modifications and Diabetes.

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.140
https://rjms.iums.ac.ir/article-1-9146-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-25 ]

[ DOI: 10.47176/rjms.32.140 ]

22(23): 12846.

16. Iatcu CO, Steen A, Covasa M. Gut microbiota
and complications of type-2 diabetes. Nutrient. 2022;
14(1): 1-10.

17. Toshimitsu T. Development of a lactic acid
bacteria strain that suppresses chronic inflammation
and improves glucose and lipid metabolism. Biosci
Microbiota Food Health. 2022; 42(1): 3-7.

18. Moravejolahkami AR, Shakibaei M, Fairley
AM, Sharma M. Probiotics, prebiotics, and
synbiotics in type 1 diabetes mellitus: a systematic
review and meta-analysis of clinical trials. Diabetes
Metab Res Rev. 2024; 40(2): e3655.

19. Zhang M, Yang F, Feng Q, Ou Y, Zhang J, Wan
H, et al. Comparison of the efficacy of fish oil and
probiotic supplementation on glucose and lipid
metabolism in patients with type 2 diabetes: a
systematic review and network meta - analysis.
Diabetol Metab Syndr. 2024; 1-17.

20. Gao H, Li X, Chen X, Hai D, Wei C, Zhang L,
et al. The Functional Roles of Lactobacillus
acidophilus in Different Physiological and
Pathological Processes. J Microbiol Biotechnol.
2022; 32(10): 1226-1233.

21. Wang CH, Yen HR, Lu WL, Ho HH, Lin WY,
Kuo YW, et al. Adjuvant Probiotics of Lactobacillus
salivarius subsp. salicinius AP-32, L. johnsonii MH-
68, and Bifidobacterium animalis subsp. lactis CP-9
Attenuate Glycemic Levels and Inflammatory
Cytokines in Patients With Type 1 Diabetes Mellitus.
Front Endocrinol. 2022; 13: 1-11.

22. Sabico S, Al-Mashharawi A, Al-Daghri NM,
Wani K, Amer OE, Hussain DS, et al. Effects of a 6-
month multi-strain probiotics supplementation in
endotoxemic, inflammatory and cardiometabolic
status of T2DM patients: A randomized, double-
blind, placebo-controlled trial. Clin Nutr. 2019;
38(4): 1561-1569.

23. Neiva LP, Lopez LC, Pasiani RO, Serra MJR,
Rullo VEV. Use of probiotics and similar in pediatric
patients with Type 1 Diabetes Mellitus: a systematic
review. Rev Paul Pediatr. 2024; 42: 1-5.

24. Ma D, Zhao P, Gao J, Suo H, Guo X, Han M,
Zan X, Chen C, Lyu X, Wang H, Liu J. Probiotic
supplementation contributes to glycemic control in
adults with type 2 diabetes: A systematic review and
network meta-analysis. Nutr Res. 2025; 136: 133-
152.

25. Wu S, Wang Y. Commentary: Effect of
probiotics at different intervention time on glycemic
control in patients with type 2 diabetes mellitus: a
systematic review and meta-analysis. Front
Endocrinol. 2025; 16: 1514969.

26. Viana MDM, Santos SS, Cruz ABO, de Jesus
MVAC, Lauria PSS, Lins MP, et al. Probiotics as
Antioxidant Strategy for Managing Type 2 diabetes
mellitus and Its Complications. Antioxidan. 2025;
14: 767.

1

OLSen 5 (ol pledl

27. Afrooz Saadatzadeh A, Kazem Emamifar SM,
Mard SA, Ahangarpour A, Ahmadi Angali K,
Mehdialamdarlou S. Probiotic preserving extract
supplementation as a novel attitude in managing
diabetes mellitus. BMC Complementary Medicin
Therap. 2025; 25(243): 1-10.

28. Liu X, Tong Y, Qin J, Zhao Y. Efficacy and
safety of probiotic and synbiotic supplementation in
metabolic syndrome: a systematic review and meta-
analysis. Nutrition, Metabolism and Cardiovas Dis.
2025; 104100: 1-10.

29. Naseri K, Saadati S, Ghaemi F, Ashtary D,
Omid L, Amir A. The effects of probiotic and
synbiotic supplementation on inflammation |,
oxidative stress , and circulating adiponectin and
leptin concentration in subjects with prediabetes and
type 2 diabetes mellitus: a GRADE - assessed
systematic review , meta - anal. Eur J Nutr. 2023;
62(2): 543-61.

30. Silva Santos S, de Souza MB, Sales Lauria PS,
Lima Juiz PJ, Flora Villarreal C, Mauricio Viana
MD. Technological Trends Involving Probiotics in
the Treatment of Diabetic Neuropathy: A Patent
Review (2009-2022). Curr Diabetes Rev. 2024;
20(3): 30-40.

31. Li G, Feng H, Mao XL, Deng YJ, Wang XB,
Zhang Q, et al. The effects of probiotics suppview
and meta-analysis of andomised clinical
triarlslementation on glycaemic control among adults
with type 2 diabetes mellitus: a systematic re. J Transl
Med. 2023; 21(1): 1-16.

32. Tonucci LB, Dos Santos KMO, de Oliveira LL,
Ribeiro SMR, Martino HSD. Clinical application of
probiotics in type 2 diabetes mellitus: A randomized,
double-blind, placebo-controlled study. Clin Nutr.
2017; 36(1): 85-92.

33. Nami Y, Shaghaghi Ranjbar M, Modarres Aval
MR, Haghshenas B. Harnessing Lactobacillus
derived SCFAs for food and health: Pathways, genes,
and functional implications. Current Research in
Microbial Sciences. 2025; 9: 100496.

34. Meradji M, Bachtarzi N, Mora D, Kharroub K.
Characterization of Lactic Acid Bacteria Strains
Insulated from Algerian Honeybee and Honey and
Exploration of Their Potential Probiotic and
Functional Features for Human Use. Foods. 2023; 12:
2312.

35. Shehata MG, Masry SHD, Abd El-Aziz NM,
Ridouane FL, Mirza SB, El-Sohaimy SA. Probiotic
potential of lactic acid bacteria insulated from
honeybees’ stomach: Functional and technological
insights. Annals of Agricul Sci. 2024; 69: 11-18.

36. Cho E-S, Kim HJ, Lee JH, Hwang CY, Siziya
IN, Kwon HW, et al. Intestinal microbial diversity in
domestic honey bees and evaluation of their probiotic
properties. J Apic Res. 2024; 1-12.

37. Niode NJ, Salaki CL, Rumokoy LJM, Tallei E.
Lactic Acid Bacteria from Honey Bees Digestive


http://dx.doi.org/10.47176/rjms.32.140
https://rjms.iums.ac.ir/article-1-9146-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-25 ]

[ DOI: 10.47176/rjms.32.140 ]

3 oy S5 SRRl s 55 SlaSsngn )

Tract and Their Potential as Probiotics. 2020; 8: 236—
41.

38. Abdelsamad NO, Esawy MA, Mahmoud ZE,
El-Shazly Al, Elsayed TR, Gamal AA. Evaluation of
different bacterial honey isolates as probiotics and
their efficient roles in cholesterol reduction. World J
Microbiol Biotechnol. 2022; 38(6): 106.

39. Hamdy AA, Elattal NA, Amin MA, Ali AE,
Mansour NM, Awad GEA, et al. Possible correlation
between levansucrase production and probiotic
activity of Bacillus sp. insulated from honey and
honey bee. World J Microbiol Biotechnol. 2017; 33:
1-10.

40. Esawy MA, Awad GEA, Ahmed EF, Danial
EN, Mansour NM. Evaluation of honey as a new
reservoir for probiotic bacteria. Adv Food Sci. 2012;
34:72-81.

41. Shemshad N, Roozbeh Nasiraie L, Majidzadeh
Heravi R. Isolation of probiotic lactobacilli bacteria
from traditional Naein dairy product (Koome). Iran J
Med Microbiol. 2021; 15(1): 85-106.

42. Hajighasemi M, Mojghani N. Identiation and
Characterization of Probiotic  Properties of
Indigenous Lactic Acid Bacteria Based on Their
Phenotypic and Genotypic Characteristics. Iran J
Med Microbiol. 2016; 9(4): 47-54.

VECE 3T OF au gy o)les Y 055 5jl) pBijs ogle alan

ARY%

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.140
https://rjms.iums.ac.ir/article-1-9146-fa.html
http://www.tcpdf.org

