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Abstract

Diabetes mellitus is a common metabolic disorder worldwide and leads to testicular
damage, reduced spermatogenesis, and reduced male sexual activity. Carob plant plays
a major role in the prevention and treatment of complications caused by oxidative stress
due to its antioxidant and anti-apoptotic properties. This study aimed to investigate the
therapeutic effect of carob fruit hydroalcoholic extract on testicular damage caused by
streptozotocin-induced diabetes in rats. In this study, 32 male Wistar rats were divided
into four groups. The control group (healthy), the diabetic group (via intraperitoneal
injection of 55 mg/kg streptozotocin), the first experimental group (diabetic + 50 mg/kg
hydroalcoholic extract of carob) and the second experimental group (diabetic + 100
mg/kg hydroalcoholic extract of carob) which received the extract intraperitoneally for
five weeks after becoming diabetic for two months. At the end of the fifth week, blood
samples were taken from the samples and hormonal factors were measured and
testicular tissue sections were evaluated using hematotoxin-eosin staining. One-way
ANOVA and Tukey's supplementary test were used for statistical analysis. Diabetes led
to testicular damage, decreased spermatogenesis and Sertoli cells, decreased insulin and
testosterone, and a significant decrease in the diameter and number of germ cells of the
seminiferous tubule. In the experimental groups, the levels of insulin and testosterone
hormones increased significantly and were associated with an increase in germ cells and
the diameter of the germ layer. Consumption of carob hydroalcoholic extract
significantly reduced testicular damage in diabetic rats and could play an important role
in its improvement.

Keywords: Diabetes, Carob extract, Spermatogenesis, Testicular damage, Rat.


mailto:vida.hojati@iau.ac.ir
https://doi.org/10.60833/ascij.2024.1195944

YYA-YYA Olbeao N E0W J"::iL.’, 4d_3‘ GJM urﬁv\-&.ﬁ d\-w ‘LsJ};l’.' wuﬁ;m-g}

) el B s slavay cawl p (Ceratoniassilique L.) o g 5 JsUls i o las i

e S 95 5m fl Lol Lo 5

u_.éfi c‘,@.& ‘»:;s‘;’.p |.\.3J SR AR gulrs

Ol Olisls ¢ gDl 13T sle5ls Olisls dly ¢ gl s 05,5

vida.hojati@iau.ac.ir : oL\ J yiens”
Ve Y/ AIYY J:l‘).ibh GJU \i"y/'o/'v&;ﬁlijl @)U
DOI: 10.60833/ascij.2024.1195944

oS>

Al s 55kl 2l (glasn lacan] @ e 5 cd Olgr il o 2l SIpke SV 5 e gde ol
oy 5 Sy 3 hodes JHE S5l Ao 5 GlenSI BT ol [ 6 05 oS 0 8 e 5 i sl las
Soser St oslas Sloys LU v Gua b G opl blad e Jlasl 530St gla ezl 51 36 (51 se
Y andlan cpl s A el ol s s ige 3 e gt b ol S ol 51 30 laay slaceu o
055 G Gk ) (2l 055 () I8 65 8 s e 058 Sl 4 Dl 3135 51 5 gl e e
(57 Ml oslas o S AS/e S e 00+ (2l3) il (025 055 (S5l S 5hSTp S Jen 00 Sl
Ghe iy Sde 4 OAE mhs ole g3 Sl e &S (o S8 0 SASTe S e Ve 2b) pss o2 05 S s
Sroasr Sy pSh s el Jas 4 S0 adised ey ads 0Ll s s S Sbys Blis 05ps Lo )y el
031 31 slal o (61 1238 513 absol 55 5m and (L sblin (03l - oS slen (550l S5, Sl eslinal b 5 o
(I Sadhe 5 555kl SRS (i ol 4 e Suls s S el (S eSS a3l 5 03BSG gl
o Gy S 53 s S Sle e Ay ednly sladhe sl 5 a3 s (6 Satn alS 5 O e gt 5 gl RS
oo aly Yl 5 i ey lad g sLosl by s Sls pme 1531 O e gl 5 o sed) Sla0 0558 Ol e
5ols Al (lsime sk a L b sl bt 3 Sladn slacel (o IS s ojlas e sy

Al andls QT;MJAN&LM@

'&‘I’“’ e (Slaas \-’:‘"’T g;,?jj]l.aj;.w\ (g oslas (cubs 1‘5-\.315 olds

4ndle
oo ke Ol B STl gl Jles s Iy o, 3 (Ceratonia siligua L.) oy ,* <= )s
ail= e, 5iS Ol 3l g = .(0) 5ol Sasl OLLLYEL awul, 5 (Fabaceae) oLMSL L oV 4a
e 4 4S5 5 Ll Ul s il mae gbys o bl S el - s (Fabales)
S 3 (Sop e Sl 53 b e s Oll 3@l ol s 4 UK s s Ol
355 G S Sl 5 ol o adan 0TS 0535 ol byl OF Lite 5580 g Jloys

YY.


https://doi.org/10.60833/ascij.2024.1195944
https://fa.wikipedia.org/wiki/%D9%85%D8%AF%DB%8C%D8%AA%D8%B1%D8%A7%D9%86%D9%87
https://fa.wikipedia.org/wiki/%D8%A7%D8%B3%D9%BE%D8%A7%D9%86%DB%8C%D8%A7
https://fa.wikipedia.org/wiki/%D9%87%D9%85%DB%8C%D8%B4%D9%87%E2%80%8C%D8%B3%D8%A8%D8%B2

QbKA.A 3 T 4o g2xp JYA =YYA Clbeas N EY ﬁlﬁ cd}‘ a)w cr_ds.).ﬂ:.‘h JL\» cé)}.':kz- JNLJC.MM{)

ool Gl eomen (YY) el O L3 tals
5SS 5 A il (Gl (5SS LS
s 00) ol sl slasil oaS alous
e ojlas o SAS/e S Je 00 L Sl
il 3 A Skeols S sl JSes] 1 g s
sl 3 Slas 686 s 008 SN e
N o lae Ll atdlL el e gl Bse
e Sl e S8 LB el Sl g
3 o35 5 5l 26 &S (lS,s (BDNF)
() el 03,8 6,8 5l age el G2 2
Sl b S s g olas
Ao eolp S e 00 CBlE s 502y 58 S
eled By o Sl e akds Yo XS
S gl B S s LSS
Lol o gaodbensSt Sl3 60 O0Y) ws aslaa
= YVY) a3 a aly s 4 s eslas
VY 5 (A YE) Ol (E&J/rﬁj& Yo
03) S g2 S Toew Wl Zol (sl
43 MDA-MB231 ol Ol sbadyba
oo a4 e a arg LGy eS| olssl
5 G52 Job Gy o sl [RalS @ e (S5l sne
O w3 3 VL 55 L3 e O5s s o U
oy eolas bedd g o) ST L35
g b S5k 3 55l W U5
3 Kl 53 5 Ol a4 ansls &) goas HMCE-7
Sl oSl 5l S Olpe 4 XI5
OA) L a S L 55 Ol O s Oy

2 Sdabe bl im0 il
S35 Sl Dl b S el Ol el
Soo sty BB e SO0 5 cl BT s
0 dlislke sl 5 e Gegese Ll sue
5o orl Sl ol les g8 g obs s b S

e)l...a.@ JLA)) ﬂ.’“u O [EERY L’ J..,Al:- L;:.bu“

AR

Ky el sy S T OF 650 el b
ol ML 4 4 OF (slasls (ol e 5 ol O
VO U e 53 S sl iyl r.’.la el G
S ) s e Glesee A1 S5 ol Jle
S s lse S claasls ey e e\ LA &
Shole o Gl 8 syls xS, Ve B A I S
oo o) el 4B Do etz 5 SIS
P 5 e O )l b 5 Olid (lesgd
Joos dd e Sl b o g p0Le Ll IS
hond e sl S VTV BY OF s 3 5 550
Ll A3 5 A3 IS o ys chale 53l e odys il
bl Sl kel Cows 4 g GE s suiS
VYV s YAN=00 ) 5 4 35S e cilise
Il S dsm D (Vs p S Ve 30 8
3555 00 3L OaLS 5l (ol 53 S Cl ab
i s a5 ol OF e 1 VL sl s
Wl ieee S5 ol als (ol ) rs

) ol ) el ks
3 o old a0l gl s S
pxde el LSS sla 2L
asls dacidhe da S (S Sl pol O (lacans

eles

s Sl Gl s e ads; 5 ey s
D A e lable LU b 4 ol ladle
Sy s olS a8 Oldlas ol 4 S
el g dad gy aber 51 gdaze DLS S
s QLS 1) Loyl g w5 Sdae 3lse daljda g S
2 oy ool ol SLS 5 (TE) cul
S5 ot Lels olS ol il glasslas
Ll glais 50 5 (SIS sl 5 SKole S Al
Wl sl 53 (8) ABl e e s 5 Js,ielS
e S g gladend SIE e 5 Sl S ol
Lo sl bl s olas (A Lies

5 S A (Sl Ao el 4SO L


https://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%A7%D9%86%E2%80%8C%D8%A8%D8%B1
https://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%A7%D9%86%E2%80%8C%D8%A8%D8%B1
https://fa.wikipedia.org/wiki/%D8%B9%D8%B3%D9%84
https://www.sid.ir/search/paper/خرنوب/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/پروتواسکولکس/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/پروتواسکولکس/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/سمیت%20سلولی/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all

QbKA.A 3 T 4o g2xp JYA =YYA Clbeas N EY ﬁlﬁ cd}‘ a)w cr_ds.).ﬂ:.‘h JL\» cé)}.':kz- JNLJC.MM{)

oo a elas ais my Sde 4 045 b
EA C2dS 5l e s S by Slis )0
2 s O sl Gyl el
Lab cll s mls 058 ple gl
555 a0 oo b K eSS S ki
O A adlas ol sl (g Seslul LGl ot
B D3 (s SOl 1 /e S o T VL
Gy b Sl ol ey anis OLL s 25 S
st Pl Cose w3l s eelS
3 Odsl b e e s AU
Lo god ol e 4 B 51 (58055 (05 foon g
PM 55 b 5si mle i 53 aids Vo ks 4
Lap s 350 o Ll o B ki S 513 e
Jize ol (IS led s Sn o by
SA S e ax s =Y gles byn b gs s s S
Ol 335305 5 mbidol dbaan osgn 5l A8 S
Loy SO Ol s r.:.,b.,l:;l A3 S C)b'-
LA O ¢J§ ey s L Jlews gl
S e Vel sl O ey
Sl b ady b wblis 4 Sl oy B S
S5 Sl Sadsle slass s sk oS sl
5 GF e sadshe 5 Al el 5 S Sl sl
oo X pede B O S Sn 5
5odd o s 5l sl s S Akl Sl
Jotls il s e Sos glaise Sl of 03 et
OB Sodmsb o Ak ) Gy Cele S
C)b'- uffv““\ B ool esls Ole azds 0 5 esls
Do oy 3 eslial b odey Al e 3 s S
VTV s 4 4) 3 S Soled o st
5 0bss oY (Wl o G 5P e bes
mledal e 53 3 e Sbdshe (58 S S

285 18 Soled  anllas s e

YYY

3l iy sbacanl 5 o K g

W (sk;u‘l e 559555 el Lo dll sl ilis

L sy sl

ST oS S e solas ap
Ak Ve 4 Bl 5k 4 S olS (o s
sl VY Gl w5 s S il a3 Ao J G
b ook S bole sl ol o oS (53,
Pl byl G 3,5 D50 o7 4 gl A
Y sl glasslas bl oo 5l o hug oS
ot 53 il oSas 3505 adsl oslas T
o Ll D= SIS ol am s A gles 53 50l S
oolas 5 Ls S 5 d"‘ﬂ L sl K o
Al s ol Lalis

B plme S s VY a5 5T DUl g
Sl 3 e S Y Y s il b sl sl
a3 Sl e A5 S ag ol el
ok J xS Ll i s Sllp 5 ol 1 bl
los (Sl el VY 5 b, el \Y) Ly
e s 3l s YT L
Al el ST oKl by s doys £
Sl it be L b LA (eSS Olials
LS Ol K5, Gk ol G Ly
A el Olaels Al AT bl
Lo oslanal 058 by G &S w055 2l
HSY i sl sladhe 5 o 5l sl
057 43 Rl 5 sl A5 Al 5 edadls )
Gl GUin 058 Sl 4 b bse 555
GuF) s S (W) RS e S s
(e 553554 70 0 S ASTe S e 00 Bliols)
e SSSle S ke 00+ Al) sl 08
Voot aba) s pa 0 S s (s oslas
oo 33 5l g &S (57 oolas o SASTp S e



Qb&mﬁs 3 e 40 g2n0 YA -YYA QW AEXAS j:iLi ‘dj( a)Lo..f: ‘V.AJA:A JL« ‘LS)};\'? ‘.;.AL—JIC_A.MQ

4 o o0 Glaey S on ol gme Rl
oolas 35 axm 5 258 00 edalle 2l °5J§
Vs 2sd o i e en Olgae Kb e Sl 58
Sldsbe L3 Gl gme falS &S s e OLE
GRS 5 S 4 Cad 2b3 055 o Sl el
A3 058 4 S 225 Slaes S e Sl e
53 L51|°d"*‘ LIi_lb;iﬂ O Q—l‘ BERLREPRI sdalin
s sy S s Slepul gladshe sl
Dsb 5 adp @ aglie ¥ s s S sdalis
WS 03 e 53 adn O3y 5 4y B ay
05,5 e Ol 1y o glees S 5 mbo
055 4 Comd Ly Lo jmally 35 o i £9° 2

Aas e olis b

pg/L

Control Diabetic

Insulin

o3lil SPSS16 lzdle 5 51 tlaesls RESRPRT S
Slagme Ol s gl bl Sl S
5 4 b bl el Sl eslimad b laes S
Lals sod b ploil Tukey  LasS Oyesl O JLs &
gl S ey Excel il Sl eslid L

A a5 L sp<e/o0 g bl g lslae

@L;‘J
3 6)‘36"*" uiAlS Y Aas e OLES Y s gl
35S 058 s (mhs 058 g gl
e Sbes S e b JRlBl iaes
QLZY)‘J}Q .Jﬁwav\ﬁuﬁ L;:’Li: ajjfé_.yg:,.?m.j
O3 i sind U go)3n 3 (Sl gan Jals &S das e
et 5 RS 05 8w Cod (b3 05 S o p e

Experimental 1 Experimental 2

p< o/ C)a—»:)b )‘J@M O] s axdlas S0 éLﬂeJ; BL) (J’%‘J/€)§}J§:A) rjw L)?J}‘“"\ A.W.LU.A—\ )‘éjaj
Fig 1. Comparison of serum insulin (ug/L) in the study groups. **: significant difference at the p < 0.01.
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Fig 2. Comparison of testosterone (ng/ml) in the study groups. * and ** indicate significant differences at

p <0.05 and p < 0.01 levels, respectively.



Q')K&A 3 T 4o g2xp JYA =YYA Clbeas N EY ﬁlﬁ cd}‘ a)w chsJJ:.‘h JL\» cé)}.':kz- JNLJC.MM{)

Loy S w oo b glid Culbis 5 calies glad g 310w s Gl il £ SKls acslie =) J s

Table 1- Comparison of mean + standard deviation of different cell numbers and basement membrane
thickness between groups

Variables Control Diabetic Experimental 1~ Experimental 2
Number of spermatogonia 67.2+251a 57.2+6.63b 88.2+876¢C 95.2+11.04d
Number of spermatocytes 75.2+240a 423+499b 96.3+x1155¢c 115.2+8.85d
Number of spermatids 195.12+5.29 a 90.9+3.73b 115.12+3.87¢ 154.4+11.04d
Number of Sertoli cells 23.1+211a 50+0.76 b 121+042c 18.3+3.21d
Basal membrane thickness 3.0+0.22a 40+0.35Db 3.0+0.23¢ 3.0+0.04d

Dissimilar letters indicate significant change p < 0.05. Similar letters indicate non-significant change.
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Table 2- Comparison of mean + standard deviation of testicular variables between groups

Variables Control Diabetic Experimental 1 Experimental 2
Testicle weight (grams) 252+045a 1.15+0.21b 1.88+0.037 ¢ 2.0+£0.04d
Testicle diameter (mm) 1.18+0.17a 0.67+£0.12b 1.0£0.058 ¢ 15+0.04d
Testicle length (mm) 2.04+£0.03a 1.41+0.17b 1.0£0.04c 2.0+£0.03d
Testicular volume (cm®) 205+0.16 a 1.04+0.1b 1.0+0.014c 1.8+0.04d

Dissimilar letters indicate significant change p < 0.05. Similar letters indicate non-significant change.
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