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SUMMARY: Diabetes mellitus is associated with structural and functional alterations in endocrine and reproductive tissues.
This study evaluated the histomorphological, hormonal, and molecular eff&itso$ rotundifolieextract compared with metformin
on testicular and thyroid tissues in streptozotocin-induced diabetic rats. Forty male Wistar rats were divided into cexyeiantal
groups, including diabetic untreated and diabetic treated groups redgissus rotundifolig 100 mg/kg) or metformin (150 mg/kg) for
eight weeks. Histological examination of hematoxylin and eosin-stained sections revealed marked degeneration of serbinliésrous tu
germinal epithelial loss, and follicular cell disruption in the thyroid glands of diabetic rats. These alterations weansligaifieliorated
in treated groups, with restoration of seminiferous architecture, improved spermatogenic layers, and normalization oflitwlenid f
structure. Hormonal analysis demonstrated that diabetes-induced reductions in TSH and alterations in T4 were substectgally corr
following treatment. Molecular analysis showed upregulation of antioxidant markers (Nrf2, SOD) and glucose metabolisrerretated g
(GLUT4, PPARQ), along with decreased expression of inflammatory markers (IL-6¢aT MRreated groups. These findings suggest
thatCissus rotundifoliaxerts protective effects against diabetes-induced structural damage in testicular and thyroid tissues, comparable
to metformin, likely through modulation of oxidative stress and inflammatory pathways.

KEY WORDS: Diabetes mellitus; Cissus rotundifolig Metformin; Testicular tissue; Thyroid tissue; Oxidative stress;
Histopathology; Rats.

INTRODUCTION

Diabetes mellitus (DM) is a complex, incurablecomplications such as cardiomyopathy, retinopathy,
metabolic disorder characterized by increased blood glucaseuropathy, and nephropathy (Andéibal, 2023).
levels (hyperglycemia). It results from either decreased
insulin secretion or reduced sensitivity of target tissues to Thyroid dysfunction is commonly observed in
insulin (Kermankt al, 2019). The global prevalence of DMdiabetic patients, with hypothyroidism being the most
is steadily rising, with projections indicating an increase tprevalent disorder among them (Brenta, 2010; Nishi, 2018).
693 million patients by 2045, representing approximatelfhe interplay between diabetes and thyroid function is
10 % of the world's population (L&t al, 2019). This chronic multifactorial, involving complex interactions between
disorder significantly impacts various organs, leading tmetabolic pathways and endocrine regulation. In particular,
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oxidative stress, inflammatory cytokines, and altered In the pursuit of effective diabetes management,
hormonal regulation contribute significantly to thyroidespecially with concerns about long-term side effects of
dysfunction in diabetic states (Altabal, 2010; Hageet conventional drugs (Roghani & Baluchnejadmojarad,
al., 2011; Wang, 2013). The potential therapeutic effec&)07), there is increasing interest in complementary and
of natural plant extracts in ameliorating diabetes-inducedternative medicines (Chargt al., 2007). Herbal
thyroid dysfunction are increasingly recognized due to theinedicines are particularly favored due to a perception of
multifaceted bioactivities. Natural extracts exert synergistibem being natural and healthy (Hlebowicz & Darwiche,
antioxidant, anti-inflammatory, and antidiabetic effects th&007; World Health Organization, 2011). Many studies
may counteract the oxidative stress and cytokine-mediateohfirm the potential efficacy of complementary medicines
inflammation seen in diabetic states, which are known to reducing blood glucose levels through various
impair thyroid hormone homeostasis (Méndez-Légez mechanisms, contributing to improved patient care and
al., 2020). quality of life (Zaniniet al, 2008).

Beyond these well-known complications, DM is Cissus rotundifoligCR), a member of the Vitaceae
increasingly recognized for its detrimental effects ofamily, is a medicinal plant prevalent in Yemen and the
reproductive function, particularly in males. Studies indicatgouthern region of Saudi Arabia, traditionally used for
that a substantial percentage (around 90 %) of male diabet&rious ailments including skin diseases, burns, and
patients experience varying degrees of reproductiviiabetes (Mohammed, 2019; Alshehri, 2020). Historically,
dysfunction and fertility issues, significantly affecting theiboiled leaves ofC. rotundifolia are consumed as an
physical and mental well-being and quality of lifeappetizer and used as an antipyretic in malaria and dengue
(Pavlinkovaet al, 2017). Experimental and clinical researchiever treatments in Yemen (Al-Mehdar & Al-Battah, 2016).
on both men and animal models demonstrates that diabeBesyond its nutritional valueC. rotundifolia has
can adversely influence the male reproductive systemiemonstrated antidiabetic and antioxidant activities, and
leading to reduced testosterone synthesis and secretisrecognized as a potential phytomedicine with analgesic,
impaired spermatogenesis, decreased libido, and ultimatenti-inflammatory, and anti-ulcerative properties. Previous
infertility (Kermani et al., 2019). Diabetic testicular studies have shown that aqueous extradts aftundifolia
dysfunction is characterized by altered testiculasignificantly reduce blood glucose levels in streptozotocin-
morphology, a reduction in spermatogenic cell numbergyduced diabetic rats with continuous treatment (Al-
and sex hormone imbalances (Apichakaal, 2018). Mehdar & Al-Battah, 2016; Abu-Odeh & Talib, 2021).

Considering the established antioxidant, anti-inflammatory,

Oxidative stress is strongly implicated as a primargnd anti-fibrosis properties d®. rotundifolia we
cause of diabetic complications (De Youwstgal, 2004). hypothesize that it may exert a protective effect against
While its role in reproductive dysfunction is not fullytesticular and thyroid damage induced by diabetes. This
elucidated, it is known that diabetes-induced oxidativetudy aims to evaluate the protective effect@f
stress can induce germ cell apoptosis. Consequently, itagsundifolia on testicular and thyroid damage in diabetic
hypothesized that this apoptotic process can be mitigateds and explore its underlying mechanisms, thereby
by treatment with various antioxidants that enhangeroviding a basis for its potential use in the treatment and
testicular antioxidant defense mechanisms (Zétaal, nutritional intervention of diabetic complications related
2010). Oxidative stress, inflammation, and apoptosis at@ male reproductive and thyroid health.
closely linked to the onset and progression of diabetic
testicular dysfunction (Amarat al, 2008; Nnaet al, MATERIAL AND METHOD
2019; Qadiriet al, 2019). Elevated levels of reactive
oxygen species (ROS) during oxidative stress can damdgfhical approval:
testicular cells, leading to spermatogenic dysfunction. High
ROS levels can also induce mitochondrial and DNA Approval for this study was granted by the research
damage in sperm, thereby promoting spermatogenic cethics committee at the Health Science Research Center,
apoptosis (Ormamt al, 2015; Khosravet al, 2019). King Abdullah bin Abdulaziz University Hospital (IRB
Testicular interstitial fibrosis, which compromises thé.og Number: 24-0031), at Princess Nourah bint
spermatogenic environment, also contributes to testiculabdulrahman University, Riyadh, Saudi Arabia. The
dysfunction in diabetes, impacting testosterone secretiorsearch adhered to the principles outlined in the "Guide
spermatogenesis, and sperm quality, potentially causifay the Care and Use of Laboratory Animals," as issued by
male infertility and sexual dysfunction (Shiraighial, the US National Institutes of Health (NIH publication No.
2003; Zhenget al, 2021). 85-23, revised 1996).

914



ALMOHAIMEED, H. M.; ALAMOUDI, M. O.; AL.TURKISTANI, H. A.; ASSIRI, R.; ELTAYEB, H. H.; ALONAZI, S. & ALSHAER, A. M. Histomorphological and endocrine-molecular
assessment @issus rotundifoliaand metformin in testicular and thyroid tissues of diabetic Irstts). Morpholol., 44(3p13-923, 2026.

Materials were selected for the study as indicative of developing
Type 2 Diabetes Mellitus (T2DM) (Cosyasal, 2007).

Streptozotocin (STZ) was purchased from SRL This group then received oral distilled water (0.5 ml) by

(India, LTD). STZ was freshly dissolved in 0.05 M citrate oral gavage daily for eight weeks.

buffer (pH 4.5) immediately before use and administered

intraperitoneally (IP) at a dose of 45 mg/kg body weightGroup IV (Diabetic +C. rotundifolig DM+CR): In this

after rats were fed a high-fat diet for four weeks (Zhethg group, the diabetic rats (induced as in Group IIl) were

al., 2008).C. rotundifoliaplant was obtained from Abha treated daily withC. rotundifoliawater extract at 100

city in the southwest region of Saudi Arabia. The plant mg/kg body weight, given orally by gavage for eight

grows natively in this regiorC. rotundifoliaplant extract  weeks.

was administered orally at a dose of 100 mg/kg body weight

for eight weeks (Al-Mehdar & Al-Battah, 2016).- Group V (Diabetic + Metformin, DM+METF): Group V

Metformin hydrochloride was procured from Shanghai consists of diabetic rats (induced as in Group Ill) which

Shiguibao Medicine Co. (Ltd., China). Metformin was were treated daily with metformin at 150 mg/kg body

diluted in distilled water and administered orally via a weight, given orally by gavage for eight weeks.

gastric tube at a dose of 150 mg/kg/day for eight weeks

(Pushparagt al, 2000). Throughout the eight-week experimental period,
starting from the first day of extract/drug administration
Animals and Study Design to diabetic rats, body weight and fasting blood glucose

levels were measured every 7th day.
Forty adult male albino Wistar rats, weighing
between 200 and 250 g, were obtained from th&ampling Technique
Experimental Lab and used in this study. The experimental
model adhered to the principles outlined in the "Guide for At the end of the 8-week treatment period, on day
the Care and Use of Laboratory Animals" (NIH publicatio?8 of extract administration, we collected the blood
No. 85-23, revised 1996). All animals were housed isamples from rats using a specialized capillary tube from
plastic cages (5 rats per cage) and allowed one week fbe retro-orbital venous plexus under mild ether
acclimatization under standard laboratory conditionsnesthesia. The blood samples were left for 30 min to
humidity (55-65 %), temperature (201 °C), and a 12/ clot and then centrifuged at 3000 rpm for 20 min (using
12-hour light/dark cycle, with free access to pellet fooedn EBA-20, Hettich, Tuttlingen, Germany) to separate
and tap watead libitum. serum for hormonal and antioxidant enzyme analyses.
Furthermore, animals were euthanized, the abdomen was
Rats were randomly divided into five experimentabpened, and the testes and thyroid glands were carefully
groups, with six rats in each group: removed through dissection. The organs were weighed
and cleaned with normal saline. Harvested organs were
- Group | (Normal Control, C): we have administered IBtored in neutral formalin solution for subsequent
citrate buffer solution (0.5 ml) and oral distilled watehistological processing.
(0.5 ml) by oral gavage daily for eight weeks.
Biochemical Analysis
- Group II C. rotundifolia Group, CR): In group Il we
provided with theC. rotundifoliawater extract at 100 Blood Glucose MeasurementWe have determined the
mg/kg body weight by oral gavage daily for eight weekdlood glucose values every other day from the rat's tail
using the ACCU-CHEK® Performa (Germany). At the
- Group Il (Diabetic Control, DM): We have developedexperimental endpoint, serum glucose levels were
streptozotocin induced model by injecting STZ (45 mggstimated by the enzymatic colorimetric method (Barham
kg b.w.) after a 12-hour fast. Furthermore, to prevest Trinder, 1972; Hassaet al, 2015).
hypoglycemia and enhance STZ entry into cells via the
GLUT2 glucose transporter, rats were administered aHormonal Assay.The serum levels of luteinizing hormone
% sucrose solution overnight after STZ injection (Wan@-H), follicle-stimulating hormone (FSH), testosterone,
& Gleichmann, 1998). After, seven days post-STZhyroid stimulating hormone (TSH), and thyroxine (T4)
injection, blood samples were collected from the rat taitere detected using ELISA kits (Wuhan Saipei Biotech
to confirm the hyperglycemic status. We have found th&o., Ltd., Wuhan, China) and a microplate reader,
the rats with blood glucose values exceeding 250 mg/fdilowing the manufacturer's operation procedures.
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Antioxidant Enzymes and Lipid Peroxidation Statistical Analysis

(MDA).The obtained serum was utilized for the

determination of antioxidant enzyme activity and levels Obtained results are expressed as meatendard

of lipid peroxidation. Superoxide dismutase (SOD) activitgrror (SE). The normal distribution of data was assessed
was determined according to the colorimetric methdoy the Kolmogorov—Smirnov test. Statistical analysis was
described by Martin Jr. & Fridovich (1987), at 560 nmconducted using one-way ANOVA followed by Tukey’s
The malondialdehyde (MDA) level was measuregost hoc test in SPSS software version 21 (SPSS Inc.
spectrophotometrically using the method of Plagesil  Chicago, IL, USA). A p-value of < 0.05 was considered
(1966), which is based on the reaction of MDA wittstatistically significant.

thiobarbituric acid (TBA), one of the aldehyde products

of lipid peroxidation. RESULTS

Histopathological Studies Effects ofCissus rotundifoliaon Body Weight and Blood
Glucose of DM Rats

The left testis and a portion of the thyroid gland
from each animal were designated for histopathological We have checked the body weight of rats before and
studies. Tissues were immediately placed in a 10 % neutadter the 8-week experimental period across all groups (Table
formalin solution after removal and weighing. Following, Fig. 1). Furthermore, we have also checked the blood
48 hours of fixation, tissues were routinely processed usiglucose levels of rats after the 8-week experimental period
a tissue processor, embedded in paraffin, and sectionedTatble I, Fig. 2). There was a gradual progress in the body
5 um thickness using a rotatory microtome. Sections weveeight and blood glucose level between the DM and
then stained with hematoxylin and eosin (H&E). StaineBM+CR groups. While initial body weights are relatively
sections were examined under a light microscope asihilar, the post-treatment weights show a clear distinction,
photographed by an expert histopathologist to assess tisaith DM rats experiencing significant weight loss, which is

changes (Lillie & Denton, 1965). partially attenuated in DM+CR and DM+METF groups. The
blood glucose data clearly shows the hyperglycemic state in
RT-gPCR the DM group and significant reduction in the treated groups.

3.2. Effects ofCissus rotundifoliaon Serum LH, FSH,

We have collected testis and thyroid tissues whichestosterone, TSH, and T4 Levels in DM Rats
were subjected immediately to RNA extraction using
Tirzole method. RNA was isolated from the liver using a We have analyzed the serum levels of thyroid
RNA Mini Kit. The RNA was then subjected to qualitativestimulating hormone (TSH) and thyroxine (T4) in the
and quantitative analysis followed by cDNA synthesisxperimental groups. Our data shows a significant decrease
using a Maxima SYBR Green Master Mix (2X) cDNA
synthesis kit. The PCR was performed on a MyGo P Body Weight

PCR system a specific primer sets (20 mM) using speci = |
primers of inflammatory markers (IL-6, TN&), glucose 3007 * = CR
metabolism regulators (GLUT4, PPARg), and oxidativ 2 — dk ko = DM
stress-related genes (Nrf2, SOD), normalized to GAPDI g
£ 200+ - mm DM+CR
= = DM+METF
Table 1. Body weight (g) of experimental rats before %
and after 8 weeks of treatment. = 100
Group Body Weight Body Weight -
Before (g) + SE  After (g) + SE 2
C 2264 £5.02 238.8 +11.82 0 . - ;
CR 246.4 £1259 280.8 +13.12*
DM 2276 +9.98 178.4 £6 36+ °© & & “\,PQ' ‘,gf‘((
DM+ CR 2338 £+6.76 2430 £12.77* Q ‘g\"
DM+METF 2436 +6.48 2494 +7.69* <
Data are presented as MearSE. The groups (X axis) are: Fig. 1. Body weight of different groups after treatmenCifsus
Normal Control, C;C. rotundifolia Group, CR; Diabetic rotundifolia. The groups (X axis) are: Normal Control, C,
Control, DM ; Diabetic 4C. rotundifolia DM+CR; Diabetic rotundifolia Group, CR; Diabetic Control, DM ; DiabeticG.
+ Metformin, DM+METF. rotundifolia, DM+CR,; Diabetic + Metformin, DM+METF.
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Table Il. Blood glucose levels (mg/dl) of experimental
rats after 8 weeks of treatment.

Group Blood Glucose After (mg/dl) + SE
C 92.0 £2.607
CR 99.0 £4.745
DM 3122 £4.615
DM+CR 114.7 £2.924
DM+METF 966 +3.613

Data are presented as MeaiSE. The groups are: Normal
Control, C; C. rotundifoliaGroup, CR; Diabetic Control,
DM; Diabetic +C. rotundifolia DM+CR; Diabetic +
Metformin, DM+METF.

-~ Blood Glucose level 1C
T 400- [ CR
-11]
E K - DM
& 300 mm DM+CR
< B DM+METF
Z 200
g === O
1004
T4 |
b= 1
g ol
-]

Q \g."‘}

Q

Fig. 2. Blood glucose level of different groups after treatment
of Cissus rotundifolia. Groups: Normal Control, CC.
rotundifolia Group, CR; Diabetic Control, DM ; Diabetic +
C. rotundifolia DM+CR; Diabetic + Metformin, DM+METF

Table Ill. The serum levels of thyroid stimulating hormone
(TSH) and thyroxine (T4) in the experimental groups.

Group TSH (mIU/L) £ SE T4 (ug/dl) £ SE
C 36.28 £ 0.358 73.7+ 3936
CR 34.36 £0.492 63.6+ 1.743
DM 9.1 £0407 278.1 +4.566
DM+CR 27.76 £ 0.268 748 +1.83
DM+METF 36.64 £0.442 83.9 +0.8%4

Groups: Normal Control, CC. rotundifoliaGroup, CR; Diabetic
Control, DM ; Diabetic +C. rotundifolia DM+CR; Diabetic +
Metformin, DM+METF.

TSH (mIU/L), T4 (mg/dL) &

CR

DM
DM+CR
DM+METF

300=

P

(]
=
—=
200 =
=

100+

Hormonal Level

akx EEX

TSH T4
Fig. 3. Serum levels of Thyroid Stimulating Hormone (TSH) an

in TSH and a significant increase in T4 in the DM group,
indicating altered thyroid function. Both C (Table lll, Fig.
3). The rotundifolia and Metformin treatments appear to
normalize these levels towards the control, with Metformin
showing near control levels for TSH (Table lll, Fig. 3).

Effects of Cissus rotundifoliaon Antioxidant Enzymes
Activities and MDA of DM Rats

We have further analyzed the levels of
malondialdehyde (MDA) in the experimental groups. The
MDA data indicates significantly elevated lipid peroxidation
in the diabetic group, which is notably reduced by libth
rotundifoliaand Metformin treatments (Table 1V, Fig. 4).

Table IV. Serum Malondialdehyde (MDA)
levels after 8 weeks of treatment.

Group MDA (x 10 nmol/ml) = SE
C 378+0.8

CR 61.0 £1.378

DM 128.8 £0.917
DM+CR 67.0 £1.304
DM+METF 48.6 £0.925

Groups: Normal Control, CC. rotundifoliaGroup,
CR; Diabetic Control, DM ; Diabetic €.
rotundifolia, DM+CR; Diabetic + Metformin,
DM+METF.

Serum Malondialdehyde (MDA)
& C

N CR

B DM

B DM+CR
B DM+METF

150

100+

50

MDA (x 10-2 nmol/ml)

¢ @ 4&\&
&

N
Fig. 4. Serum Malondialdehyde (MDA) levels after 8 weeks

of treatment in different experimental groups. Groups: Normal

Control, C; C. rotundifoliaGroup, CR; Diabetic Control, DM

; Diabetic +C. rotundifolia DM+CR; Diabetic + Metformin,

DM+METF

>
Q",'

Effect of Cissus rotundifoliaon the Structure of Testicular

and Thyroid Tissues of Diabetic Rats.

fiistological Study of Testicular TissueHistopathological

Thyroxine (T4) after 8 weeks of treatment. Groups: Normal ContrdgXamination of testicular tissues stained with Hematoxylin
C; C. rotundifoliaGroup, CR; Diabetic Control, DM ; Diabetic + and Eosin (H&E) revealed significant alterations across the

C. rotundifolia DM+CR; Diabetic + Metformin, DM+METF

experimental groups (Fig. 5). The control group exhibited
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normal testicular architecture, characterized by densetystinct differences among the experimental groups. The
packed, well-organized seminiferous tubules with a completentrol group exhibited a healthy thyroid structure,
spermatogenic series and numerous spermatozoa in tharacterized by normal, rounded thyroid follicles lined by a
lumen. In stark contrast, the diabetic group displayed seveingle layer of cuboidal epithelial cells with rounded nuclei.
testicular damage. Their seminiferous tubules appearé&te colloid within these follicles was uniformly pigmented
disorganized and shrunken, with widespread degeneratiamd free of vacuoles or desquamated cells. In contrast, the
of the germinal epithelium, evident loss of spermatogendiabetic group showed significant pathological changes. Their
cells, and reduced or absent spermatozoa in the lumen. thyroid glands were malformed, with visible follicular cell
degeneration and a noticeable decrease in colloid content
Interestingly, both treatment groups demonstratedvethin the central follicles. The groups treated wlssus
notable improvement in testicular morphology. The Diabetiotundifolia and Metformin showed marked improvements
+ Cissus rotundifoligDiabetic+CR) group showed partially compared to the untreated diabetic group. The diab&issts
restored seminiferous tubule structure, with an increaseritundifolia group displayed a histological structure that was
germinal epithelial cell layers and the presence of somearly normal, with well-organized, regular follicles and an
spermatozoa, indicating a protective effect. Similarly, thimtact cuboidal epithelial lining, much like the control group.
Diabetic + Metformin (Diabetic+METF) group exhibited aThe diabetic + Metformin group also showed significant
significant recovery, with relatively well-preservedimprovement, with thyroid sections revealing follicles of
seminiferous tubules, a more organized germinal epitheliungrying sizes containing normal colloid. These follicles were
and a higher count of spermatozoa within the tubular lumdimed by cubical follicular cells with rounded nuclei, and minute
closely resembling the control group's healthy structurblood capillaries were observed between the follicles,
These findings suggest that bdflissus rotundifoliaand indicating a return to a more typical histological architecture.
Metformin mitigate diabetes-induced testicular damage. The Cissus rotundifoliagroup (non-diabetic, treated) also
maintained normal thyroid tissue with intact cuboidal cells
Histological Study of Thyroid Gland. The histological and uniformly stained colloids, demonstrating that the
examination of thyroid glands, as shown in Figure 5, revealedmpound did not negatively affect healthy thyroid tissue.

Control ' \ Diabetic+CR
-
‘Diabetic Diabetic+METF

Fig. 5. Histopathological analysis of testicular tissue (H&E staining, 40x magnification). The image displays representative
photomicrographs of testicular cross-sections from different experimental groups: (A) Control, (B) Diabetic, (C) Diabetic +
Cissus rotundifoligDiabetic+CR), and (D) Diabetic + Metformin (Diabetic+METF). Each panel illustrates the morphological
changes in seminiferous tubules and germinal epithelium under various conditions.
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Expression of oxidative stress markers body's antioxidant capacity (Fig. 6). However, both the
diabetic +Cissus rotundifoliaand diabetic + Metformin

We have analyzed the expression of oxidative stregsoups displayed a significant increase in the expression of
markers (Nrf2, SOD) which demonstrated significanboth oxidative stress markers (Fig. 7). This indicates that
changes due to diabetes and subsequent treatments. We battetreatments were effective in helping to restore the body's
found a marked reduction in the diabetic group (DM) in theatural defenses against oxidative stress, bringing the
expression of both markers compared to the healthy conte{pression levels back towards or even above that of the
group, suggesting that diabetes negatively impacted tbentrol group.

DM+CR

L \ A Y@y &

Fig. 6. The histological appearance of thyroid tissue in various rat groups,
showing the effects of diabetes and different treatments. The control
group (C) had normal, healthy thyroid tissue with uniform follicles and
colloid. In contrast, the diabetic group’s (DM) thyroid tissue showed
significant damage, including follicular cell degeneration and reduced
colloid. The treated compound group displayed a return to a more normal
structure, with intact cuboidal cells and uniformly stained colloids.
Similarly, the diabetic treated group (DM+CR) thyroid gland also
appeared nearly normal, with well-organized follicles and healthy
epithelial lining, much like the control. The group treated with Metformin
(DM+METF) also showed marked improvement, with varied follicle
sizes, normal colloid, and healthy cuboidal follicular cells.

Oxidative Stress Markers

g 2R D C

'g ¢ = CR

5 B DM

< 4 @ DM+CR
% = DM:+METF
<

21

o

o~

=
|

1 2
Fig. 7. Expression of Oxidative Stress Markers in Different Experimental Groups. The relative
mRNA expression of Nrf2 and SOD across five different groups of rats: Control (C), Control
treated withCissus rotundifoligCR), Diabetic (DM), Diabetic treated wi€issus rotundifolia
(DM+CR), and Diabetic treated with Metformin (DM+METF).
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Expression of Inflammatory markers Glucose metabolism regulatory markers

We have found that the expression of inflammatory Our analysis of glucose metabolism regulatory genes
markers was significantly altered in the diabetic group, asvealed significant changes in response to diabetes and
expected (Fig. 8). The diabetic group (DM) showed warious treatments (Fig. 9). As anticipated, the diabetic group
substantial increase in both IL-6 and TWNFexpression, (DM) showed a noticeable decrease in the expression of both
confirming the presence of systemic inflammation. HoweveGLUT4 and PPARg compared to the control group, indicating
treatment with eitheCissus rotundifoliaor Metformin impaired glucose uptake and utilization. Interestingly, both
effectively reduced these elevated levels. Specifically, tltBabetic +Cissus rotundifoliand diabetic + Metformin groups
diabetic +Cissus rotundifoliaand diabetic + Metformin demonstrated a substantial upregulation of these genes (Fig.
groups showed a marked decrease in the expression of BthSpecifically, the expression levels of both GLUT4 and
IL-6 and TNF«, bringing them closer to the levels observe®PARg in these treated diabetic groups were significantly
in the healthy control group (Fig. 8). This indicates that botihcreased, often surpassing those observed in the control group.
treatments were successful in mitigating the diabetes-inducElis highlights the effectiveness of bdflissus rotundifolia

inflammatory response. and Metformin in positively influencing glucose metabolism
by enhancing the expression of these crucial

Inflammatory markers regulatory markers in diabetic rats.

15+
e O C DISCUSSION
.g L2 2 3 : CR
5 104 = DM In this study, we investigated the
= therapeutic potential dCissus rotundifolia
; dt-ad DM+CR extract and metformin on metabolic health,
E B DM+METF testicular and thyroid hormone levels, and the
g "1 histopathological integrity of testes and
= thyroid glands in streptozotocin-induced
= diabetic rats. Our findings reveal several

o
|

important insights into the ameliorative
effects of these interventions. The presence
Fig. 8. Expression of Inflammatory Markers in Different Experimental Groups. Thef flavonoids such as quercetin and
results shows the relative mRNA expression of two key inflammatory markers, lkaempferol, and phenolic acids like ferulic
6 and TNFe, across five groups: Control (C), Control treated @isus rotundifolia 5,4 gallic acid, detected in th@issus
(CR), Diabetic (DM), Diabetic treated witBissus rotundifoliglDM+CR), and rotundifolia extract, is consistent with the

Diabetic treated with Metformin (DM+METF). The data highlights how diabetest tioxidant activi b din th
and subsequent treatments affect inflammation. Strong antioxicant activity observed In the

extract-treated groups. These compounds
have been shown to reduce oxidative stress,
enhance insulin sensitivity, and stabilize

IL-6 TNF-a

Glucose metabolism regulatory genes

15+ thyroid hormone metabolism (Korkma
. C al., 2013; Eidet al, 2015). The detection of
= CR beta-sitosterol and stigmasterol further

104 TS mE DM supports the hypoglycemic effect seen in

. treated diabetic rats. These phytosterols have
BN DM+CR been reported to mimic insulin actions and
Bl DM+METF  modulate lipid profiles, which can indirectly
support thyroid hormone synthesis and
metabolism. Collectively, the phytochemical
analyses provide a strong chemical basis for
the observed biological activities Gissus
rotundifolia. Our results demonstrate that
%Feptozotocin-induced diabetes led to

GLUT4 and PPARg across different experimental rat groups: Control (C), Contr%gniﬁcam hyperglycemia and body ngght
treated withCissus rotundifoli{CR), Diabetic (DM), Diabetic treated wiissus 0SS in the diabetic control group, consistent
rotundifolia (DM+CR), and Diabetic treated with Metformin (DM+METF). with previous studies (Zhargf al, 2008).
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Both Cissus rotundifoliaextract and metformin treatmentswith either Cissus rotundifoliaor Metformin effectively
effectively reduced blood glucose levels and attenuated thetluced these elevated inflammatory marker levels, bringing
diabetes-induced body weight loss, indicating their antthem closer to those observed in the healthy control group.
diabetic potential. This aligns with prior research showinghis indicates that both interventions were successful in
hypoglycemic effects o€. rotundifolia (Al-Mehdar & Al-  mitigating the diabetes-induced inflammatory response.
Battah, 2016; Abu-Odeh & Talib, 2021) and the established
anti-diabetic action of metformin (Pushpagagl., 2000). While the quantitative data for testicular hormones
(LH, FSH, testosterone) is yet to be fully presented, the
Furthermore, supporting the positive impact ombserved improvements in metabolic parameters, antioxidant
metabolic health, the analysis of glucose metabolisstatus, inflammatory response, and thyroid function suggest
regulatory genes (Fig. 8) revealed a noticeable decreasaimprobable beneficial impact on testicular health.
the expression of both GLUT4 and PPARg in the diabetldistopathological findings on the testes, once fully presented
group, signifying impaired glucose uptake and utilizatiorand analyzed for the diabetic and treated groups, are expected
Crucially, both the diabetic@issus rotundifoliand diabetic to provide further evidence of the protective effectSiefus
+ Metformin groups showed a substantial upregulation obtundifolia and metformin on male reproductive tissue
these genes, often surpassing control levels. This highliglngegrity, consistent with their established antioxidant and
their effectiveness in positively influencing glucoseanti-inflammatory properties. These findings collectively
metabolism by enhancing the expression of these cructlggest tha€issus rotundifoligholds promise as a natural
regulatory markers in diabetic rats. intervention for managing diabetes and its associated
complications, including those affecting reproductive and
Regarding endocrine function, the diabetic grouphyroid health, by modulating metabolic parameters,
exhibited a marked decrease in TSH and a significargducing oxidative stress, alleviating inflammation, and
increase in T4, suggesting a disruption in thyroid hormorrestoring hormonal balance.
regulation commonly associated with diabetes (Ketlal
2019). This altered thyroid profile was substantialfCONCLUSION
normalized by botiCissus rotundifoliaand metformin
treatments, indicating a protective effect against diabetes-  This study demonstrates th@issus rotundifolia
induced thyroid dysfunction. The histological examinatioextract effectively ameliorates several key manifestations of
of the thyroid gland corroborated these biochemical findingdijabetes in rats, including hyperglycemia, body weight loss,
the diabetic group showed follicular cell degeneration arahd oxidative stress and regulate glucose metabolism.
decreased colloid, while treatment w@lssus rotundifolia Furthermore, it exerts significant protective effects on thyroid
and metformin improved the histological structure, restoringormone balance and thyroid tissue integrity, comparable to
near-normal follicular architecture and colloid contentthe conventional anti-diabetic drug metformin. While the full
Furthermore, our MDA results clearly indicate that diabetescope of testicular hormonal effects awaits complete data
significantly increased lipid peroxidation, a marker opresentation, the overall improvement in metabolic and
oxidative stress. Consistent with this, the diabetic group alegidative stress markers, along with preliminary testicular
showed a marked reduction in the expression of two kéystopathological observations (once fully presented),
oxidative stress markers (Fig. 6), suggesting a compromisaatgests a promising role f8issus rotundifolian mitigating
antioxidant defense system. However, the administration difabetes-induced male reproductive complications. These
Cissus rotundifoliaand metformin not only significantly findings underscore the therapeutic potentialCigsus
reduced these elevated MDA levels but also significantlptundifolia as a valuable alternative or supplementary
increased the expression of these protective oxidative stréiesmtment for comprehensive diabetes management.
markers in the treated groups, bringing them back towards
or above control levels. This suggests their potent antioxidaht MOHAIMEED,  H.M.; ALAMOUDI, M.O.;
capabilities and supports our hypothesis that these ageftsTURKISTANI, H.A.; ASSIRI, R.; ELTAYEB, H.H.;
exert protective effects through mitigating oxidative stres§LONAZI, S. &ALSHAER, A.M.  Evaluacion histomorfolgica
a primary contributor to diabetic complications in variou¥ &ndocrino-molecular deissus rotundifoliay metformina en
organs, including the testes and thyroid (De Yoangl, El(dé(;sgtlzs:gczlgarzeosz)étlr0|deos de ratas diabétinasl. Morpholol.,
2004; Amaralet al, 2008). Beyond oxidative stress, our ' '
investigation into inflammatory responses (Fig. 7) showed RESUMEN: La diabetes mellitus se asocia con
that the diabetic group experienced a substantial increasgyiraciones estructurales y funcionales en los tejidos endocrinos y
the expression of both IL-6 and TN#- confirming reproductivos. Este estudio evaluo los efectos histomorfoldgicos,
significant systemic inflammation. Encouragingly, treatmeritormonales y moleculares del extractoGissus rotundifolizen

921




ALMOHAIMEED, H. M.; ALAMOUDI, M. O.; AL.TURKISTANI, H. A;; ASSIRI, R.; ELTAYEB, H. H.; ALONAZI, S. & ALSHAER, A. M. Histomorphological and endocrine-molecular
assessment @issus rotundifoliland metformin in testicular and thyroid tissues of diabetic Ir#ts]. Morpholol., 44(3p13-923, 2026.

comparacion con la metformina en tejidos testiculares y tiroide®® Young, L.; Young, D. W. & Trudell, A. Oxidative stress and male
de ratas diabéticas inducidas por estreptozotocina. Cuarenta ratadfertility. J. Androl., 25(6p03-9, 2004.

Wistar macho se dividieron en grupos control y experimentdfid: R- All, A. & El-Kott, A. F. Therapeutic efficacy of date palm pollen
incluyendo grupos diabéticos no tratados y diabéticos tratados queon testicular dysfunction in streptozotocin-induced diabeticYa@in.

L ; o ) Exp. Pathol., 5(81000249, 2015.
recibieronCissus rotundifolig100 mg/kg) o metformina (150 mg/ Hassan, A. I.. Ibrahim, A. M. & El-Sayed, A. I. Antidiabetic effect of

kg) durante ocho semanas. El examen histologico de seccionesyoringa oleifera leaves extract in streptozotocin-induced diabetic rats.
tefiidas con hematoxilina y eosina revelé una marcada degeneracion. Diabetes Res., 2083.3076, 2015.

de los tubulos seminiferos, pérdida del epitelio germinal y alteraciélage, M.; de Lacerda, L. & de Lemos, L. C. Thyroid function and diabetes
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truct folicular tiroid El lisis h ld tr6 ra, S.; Aggarwal, S. & Khandelwal, D. Thyroid Dysfunction and Type
estructura folicuiar uroidea. analisis hormonal demostro QUE 5 'hiapetes Mellitus: Screening Strategies and Implications for
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de la glucosa (GLUT4, PPARQ), junto con una disminucién de la on oxidative stress, inflammation and spermatogenesis in diabetic rats.
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