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The effect of type 2 diabetes on the olfactory bulb structure of Wistar rats
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Abstract. Olfaction, the sense of smell, plays an important role in the individual's safety, nutrition, social interactions,
sexual function, and quality of life. Diabetes mellitus, which affects more than 400 million people worldwide, is associated
with olfactory dysfunction. This work evaluated the olfactory bulb structure of Type 2 diabetes rats. Type 2 diabetes
induction was performed by administering 20mg/Kg Streptozotocin to adult Wistar rats for five days. 35 days after
injection, animals were sacrificed, and olfactory bulb tissue was harvested for tissue processing and Nissl staining to
evaluate the olfactory bulb structure. Based on the results, diabetic animals showed a significant decrease in the Glomeruli
number compared to controls (P<0.05). Furthermore, we observed a significant decrease in the internal plexiform layer
thickness in the olfactory bulb of diabetic rats when compared to controls (P<0.05). The present results showed that
olfactory dysfunction in Type 2 diabetes rats is associated with olfactory bulb structural change, which indicates the
olfactory bulb tissue damage caused by diabetes.

Keywords. diabetes mellitus, glomeruli, nissl staining, sense of smell, streptozotocin

Received 06.06.2022/ Revised 05.09.2022/ Accepted 18.10.2022/ Published 20.06.2023 VEY/YY Ll IV E A VIVE 558 IV E VPV E Dol N E V¥ scdl

117


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.2.5
https://system.khu.ac.ir/nbr/article-1-3550-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24236330.1402.10.1.2.5]

Yahyaeipour et al. The effect of type 2 diabetes on the olfactory bulb structure

Mive Sllg> obig 5o j0 a5 Canl 0ol ools )lis wogdleay (2021

2 Syme 8l lp 3B 0 s MBI g g b
&, miR-146a o> 5 o Glo Jds 4 Sl (Saw a5 515 5429
a8 JoUge slapudlSe a> ST .(Jiménez et al., 2020) s
b 4 005 o by SIS o5 4 e Cubd (] sy 4 o5
3 el sonedS ol vy oo Sl 4 Ll ) cas aislis LS
S 5 DS 5 aze il T il sl b s

Sy 5 by Sl pas co S 4 e G (20
Aime et al., 2012; Jacobs & ) 53,5 oo ol ke o B assleel

.(Tsien, 2014; Zaghloul et al., 2018
helbem b S 0 w2y B s Sl oo
Lol Sl glgee Giigl @is b as gpsba wijl
plyasle ol sl Kan b ol canl (Ko a5 050 oluliss
ipnd 3,Slee 4 2o Cobd Aol 4 ax g b ogd Coge oai]
Looad sl cobs JI Gadsw cpl 0 webioe obs e
A g Dy ls ke (BL LSl 2 STZ) (wgiyjsn ol

5595 9 9lge
PEEe}T SUlg

A 059 b b 315 5 Dy 5 V7 025 addllas cl s
18 5 ol ay alolyl g s Ollgs ol oolaiul p,5 VA=Y -«
VY Gy s o (YYEY) Lo ojlaibinl lal,l jo 9 axsls
O Jsol 45 wind o)l S celu VY 5 e el
S aes o)lls o alRale] Slls> 65, »
(IR.GU.REC.1400.004 : s> a5) o cole, londs olKisls
O 9395 il lwogi alyo il 0 gns

A e (1S 5 S5 09,5 90 4 (ol O g0 4 oo
Olie 5 008 agd (Fo5 diged Sllg> (o00 Spabew 5l ol o
A 655l Accu-check agSelS olfiws lawg (ys5 o8
ol ,o oo J> (Sigma Aldrich) STZ _ubs 05,5 a0 s
Slao Js & )90 4 Jlse 59, my o Vomelkg oo bogiss
G5 3l ow 9, 90 (2018 Ebrahimpour et al.,) w5 5,5
bl slas; ad Eud 09 )5 90 o )3 9 B e (SLL
2 b Jae lgie 4 YO m/dl I iy 55 55515 (Sl
ol Jgl 09,85 slaes, 4 (Furman, 2021) sos a5 Ly

S GyF (Slao (19,0 Oyg0h plp ez bogded

sk Ll 9o £ s b ey e 5 0 Sl

oo

dasiin &5 Cwl Sdglie OS5I (29,5 i ol
s9aS Sl & 555 oS el (55 SIS SVl ol T Lol
ol €55 aw L aS (o0 595 50 8 L g edgmed 4y Conglie ¢y g
SBL adgs 5l AL a5 G gg cubs sl 3)ls 3929 Sobs
iy sla s ol e 51 Lo & sanalligh bugs oy
E9r% el & Suaglie b 93 g95 ol il pul 355 550
ol Oelgmdl 41 (Fasyo 4 Lol ()T p0 a5 (lpd 05 o0
RS EVUC UK SV IV SV ARREP
99 £ Subs e (n Selh sd sbnl s by slasbe Lo
O @ls 90 g Sabs el S pas 9 0k s 3l eSS
55l ey A L A sgas 5wl YLE 5 p0 cubs g4
Cowl ol IS0 rnge (Sl cols s oo LS5 ) 5 )lse
ad Wb mhaw Hls wcabs Al gem oyl ol of ys oS
(Cole & Florez, 2020; Mclntyre et al., 2019) &g& 95
LB slaglen Jold Cabs Sue Y5k 5 sux (B)lse
o2 alS ese 6)lon (ol 50 y® (g ie S ((Sgye
o olal 4 ol ol 3ls sl g Olacl 4 co]
pdle Sl Cubs ad)le (n 5 @ld (Subs Sy 4 SBgrme
S 8dee yo PLSI (s i g (o> Jobd Wl o
ol 4 yorie Wilg e aS il 0,0 wles] osi g 00 (S5 >
Cole & Florez, 2020; Glovaci et al., ) sgi Cowgy 4
.(2019; Goyal & Jialal, 2018; Plows et al., 2018

IS 559,80 j0 WS a4y oo Cubo aS ail sols lis lallas
395 (o0 eaSged S8k Syuml Gl e Smyais gilusl
oS gt o Shee 0 So3e05L s (Lietzau et al., 2016)
2 LS Gdgmam ugVlisen joome pelal o Slel b Wigi o
S ol 055 e e ol S5 0 g el 5 5,50k
G2 o s gl gl (sl S olei b gt B 55
Jole g0 j2 lawgi a5 cul olpl o Slee g (B3l y Ce o caladl>
Bgd oo olml (e B9 ] (izen g geas oY
(Fernandez & Torres-Aleman, 2012; Hershey et al., 2010)
90 o8 Cbs aS Wl flis goasine gl g Sles Sldlas
Wlgi oo &5 wad (o i (2bg ke 50 1) B n Gomdl i
Sivakumar et al., 2022; ) sois obg o, Slas o Sl cely
5 b b Sldllae bl 5 ¢ pizen (Zaghloul et al., 2018
Catamo et al., ) oS o olowl P jre b alibl> 5 9 auseis

12/\Y


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.2.5
https://system.khu.ac.ir/nbr/article-1-3550-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24236330.1402.10.1.2.5]

Nova Biologica Reperta 10(1): 11-16 (2023)

9 3l (led ol

5 Sislshiee oSy Juod il S, 5l eolinal b
Y )3 baJgpeels slaws i obs sl sesdie Geizen
(T P RS (JoredlS (oras oY Culid @y pels
SnnssS 5 IS afol a5 b o sl e
} Upizr id dlio wa b 5 5T g bl i 51 LS 5 o
sldiges )3 2be Sl Seesdiee owyp I Jeob s
5o 55y San s ¥ S s (i, s 5 LS
5 JAS ledised o 2liss sl S8l Jus 0l ST, 5l Jol>
Ao oo lid ], 2ok

JrS 09,5 53 g pesls slaas aS ols (lis (5 72098 90 gl
JassKn Yo s sse YYIVE 5 FoIVF (i oy s s
umlf QS")l)') 05; ) 4.]3).0515 4)}1 Cwles Cypod (p=’/’\~)
WY ol o o Jgyels oluss mals 4 azg b a8 cenl asily
“5?)[5 Sl (gmas sy cwlxs Sy 50 Y kS“'E““
03,5 bz ke o S Y g Ui (B glasis
Glasas Y o ladd olss ol a5 col adl els oo
P=+1+Y) 0 o gime JZIo

& > )

Syge & 3o 2bg keSSl cobs Pl ol Gided s
YU e w8 aS ol lis ol gabss mls a8 18w, p
@bg sk Sl jo (Bl Sk 4 e Wl e Wb ©) 0
b ke dgpesls Y 5o g yesls slass a5 59k 4 09h
Omgmed le las ]S 09,8 a cand |y g )lo g ralS
095 A Zamd (b 05,8 o LBl p 3 Sl 4Y cubrs
590 o lis Wilgs e aS ol Hlas |y g hle pxe oS S
Al cobs ade a4y Sl sl LSl o as oo
2o dgzy alaly (Fopudl 5 i85Sl (aminS ) enl3)]
u.al)é L: @l)y J)L.?‘ s).._‘>‘ uLx]LEA uoLw‘ 5 ‘Q”‘ » os)lf—
sl (Kim et al., 2019) wiS' o Jisee |, obg alail>
ool asle cobe b byl o obe Pl ksl

OF VN8 o )led v ale o i) psle o (s sloasily

o (sl Ky bl (g by LSl sy
Fom i gy wilize e )0 ooliin slaSign @b
B0 555 baoyd Ve alS alwgy 095 90 o s> STZ )5
e e Ve baeds ¥l g pSe kS o ppS (e
9 ol sk @ o cdosmez (p0ld (o Sl 5 00D Shsten 55k
o el 8 o Ve dled el SE 0 g s )l 4
b ke <8l e .(Dini et al,, 2021; Kitada et al., 2016)
sle Sody iy 28b Gilsy Jole o)ls baiged g ool oo
Ghe) 4 g o A (HeSee Sde (Jbyw laghy (SBL
&l J—s 6)—*“’] Sy ek Lg),.nT 5, (Nissl) s
S 29500 B 4 lagg)8 bt 3 e plo! Qllis
Pl Cgzr g oo oid Ltal 4 blo o S5) 4 Jus pluzd o
b Ladigas bl (JL35 b by (g3lo Blads 5| ey wimel S 0
lopY alsl o i &ily0m lae T b ol 5 5 BT Jg3i Sl
abge (Cresyl Violet) oy /) dgg 5,5 0 4ids O Sow &

@ogme Slrys b (0,5 wlhawms 5 ol b gt 5l ey s
ez b (6135 oY g o plxl L35 L soome (g5l Slads ¢ b1
e @it sbay culs (6,5 ol jglate 4y ol plodil L]
dhewg 4 0ud as slapY (b plnadl 5 lagye9 5 Slasi o bg:
Lo s a5 )8 (owyp 9,50 Olympus- ex31 (5,55 9Sws S
wlod Ty dsbre |y ol g enSe Jloious e
A ploil (5 2098590 (sl g, 5l ool b 8L LT da e Se
bl 3IGT

Sl 5 RS ladisns Bl s 5 Jele slaesls
Ll s Sfasine 5 o ol S, Guilly U1 Loy
4 odwl Cawdo @L».s RIWY ey SPSS )‘)5‘ PP A.L.wy
ujL‘U 9 4..3)5 )‘)5 R Oy Mean +=SEM S Hy9—o

s S b s s e P<e/ 0 mas 0 o Sk

Oy w8

10 O B e el oo ool Gl Y SG o aS jeboles
09,5 4 Coms ) 60 se eti STZ )55 5l S8 ok 095
O Olay, i bl 3l e celo FA &5 by aes ad lid S
09,5 b dalie )3 (Subd 09,5 )3 95 e IS Ol STZ 039,
P<ele e V) el aidl bl gl sme job 4y ]S

13/\Y


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.2.5
https://system.khu.ac.ir/nbr/article-1-3550-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24236330.1402.10.1.2.5]

Yahyaeipour et al. The effect of type 2 diabetes on the olfactory bulb structure

sk Ll 9 £ s b ey e 5 0 Sl

O35 Sl mla

ok

100
0

day1

mConrol  mNDiaheric

day/

G5 )l o cele YA, dayT7) wiis 55, 3 STZ iy, 5 plosl 51 L35 dayl) gl 5, 50 (0o 9 J5S 09,5 s, (93 o SIS grans aunlin =) S5

el oad osls plad o jlaibinl glas 5 Slhe &gy b (i

p<e/++) N =A) «STZ pese

Figure 1. Comparison of serum glucose levels in control and diabetic rats on the first day (day 1; before STZ injections)
and the seventh day (day 7: 48 hours after the fifth injection of STZ), (n = 8, p<0.001). Results are shown as mean+

standard error.
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Table 1. Results of olfactory bulb morphometry. Results are shown as mean =+ standard error .(n = 8, *p <0.05).
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Figure 2. Photomicrographs of Nissl staining section of rat olfactory bulb tissue. A: Control group and B: Diabetic group.
Original magnification X100. 1: olfactory nerve layer. 2: glomerular layer. 3: external plexiform layer. 4: mitral cells layer.
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