Int. J. Morphol.,
39(3)747-753, 2021.

Inhibition of Diabetes Mellitus-Induced Knee Joint Injury
in Rats by a Combination of Metformin and Captopril
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SUMMARY: Osteoarthritis (OA) is an inflammatory disease that damages the joints and affects millions of people worldwide.
The potential inhibitory effects of the antidiabetic drug metformin combined with captopril, the angiotensin-converting enzyme
inhibitor, on diabetes-induced damage to the knee joint articular cartilage associated with the inhibition of glycemilnaigslipi
and inflammation has not been investigated before. Therefore, we induced diabetes in rats using high carbohydrate and fat diets
a single injection of streptozotocin (50 mg/kg). The protective group of rats was pre-treated with combined daily doseamai metf

(Met; 200 mg/kg body weight) and captopril (Cap; 150 mg/kg body weight) for 14 days before diabetic induction and continued on

metformin and resveratrol until the end of the experiment at week 12. Harvested tissues obtained from knee joints weferprepared

basic histology staining with haematoxylin and eosin (H&E) and examined under light microscopy. Representative H&E images
showed that OA was developed in the diabetic rats as demonstrated by a profound damage to the knee joints such asl@degular ero
and a sharp decrease in the thickness of the articular cartilage surface and abnormal remodeling of the subchondraét®mne that w
substantially ameliorated by Met+Cap. Met+Cap also significantly (p< 0.05) reduced blood levels of glucose, glycated hemoglobin

(HbA1c), dyslipidemia, anthe inflammatory biomarkers, high sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL-6), and tumour
necrosis factor-alpha (TN&} induced by diabetes. In addition, a significart (p0014) correlation between the articular cartilage
thickness and the blood levels of glucose, HbAlc,triglyceride (TG), low density lipoprotein-cholesterol (LDL-C), highigepsiteIn-
cholesterol (HDL-C), and hs-CRP were observed. Thus, we demonstrate that Met+Cap effectively protect the knee jointidgainst inj
induced secondary to diabetes in rats, possibly due to the inhibition of glycemia, dyslipidemia, and biomarkers of inflammation
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INTRODUCTION

Upregulation of inflammation and oxidative stressand hip joints (Scanzello & Goldring, 2012). The knee joint
by hyperglycemia represents the root cause of diabetg affected by OA, which causes inflammation and
complications (Shoelsaat al., 2006). The link between dia- progressive destruction to the structure of the knee joint ar-
betes and osteoarthritis (OA) is well established and Oicular cartilage (Hayami, 2008). This leads to joint pain,
secondary to diabetes affects millions of people around thexiness and swelling, and decreased joint movement, which
globe (Pottieet al, 2006). It can lead to disability due tomostly affects older people (Hayami). In addition, the
limitations in the movement of the affected joints, mostly adevelopment of OA secondary to diabetes is involved
a consequence of inflammation and destruction of the knilammatory mediators, chronic low-grade inflammation,
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and adipokines (Berenbaum, 2011). In diabetes, accumulatibh2DM): to induce diabetes, rats were fed on a high
of advanced glycation end-products (AGEs), which arearbohydrate and fat diets (HCFD) (Colliebal, 2010) for
accepted biomarkers in aging and diabetes (Vistali, 2013) two weeks and then was given a single injection of
in the OA cartilage induces injury via activation of theirstreptozotocin (STZ, 50 mg/kg body weight), and continued
specific receptor, RAGE, which plays a proinflammatory andn a HCFD until being sacrificed at the end of the experiment.
procatabolic role on chondrocytes and synovial cells and rEhe Met+T2DM group: to investigate the effects of metformin
duces the synthesis of collagen (Moussa, 2008). plus resveratrol on OA, rats were treated with Met (200 mg/
kg body weight) plus Cap (150 mg/kg body weight) and fed
The pleotropic effects of the antidiabetic drugon a HCFD from day 1 till the end of the investigation at
metformin (Ciceroet al., 2012) and the angiotensin-week 12 and injected with STZ at day 14 as before. Tail bleeds
converting enzyme inhibitor, captopril (Al-Hasheahal, were performed one week post STZ injection to confirm
2019b) make these agents useful medicine in many diseasggerglycemia by measuring the levels of fasting blood
For example, (i) metformin was shown to ameliorate renglucose (>200 mg/dL) using a Randox reagent kit (Sigma-
injury induced by T2DM (Lachinet al., 2011), Aldrich). Atweek 12, rats were euthanized and blood samples
thioacetamide-induced hepatotoxicity (Al-Hashetmal, were collected by cardiac puncture. Tissues were then
2019a), liver injury in T2DM associated with dyslipidemisharvested. Sera were separated and stored atGZor
(Matafomeet al, 2011), aortopathy and hypertension (Dallakneasuring biochemical parameters.
et al, 2019), and heart failure (Dziubek al, 2018); and
(ii) captopril was reported to inhibit lipid peroxidation andHistological study. Knee joints specimens were dissected
inflammationin liver injury (Al-Hashenet al, 2019a) and and immediately fixed with 10 % formol saline for 72 hours
inhibit platelet aggregation and thrombus formation (Higaspirior to decalcification for three weeks using 5 %
et al, 2005). In addition, both compounds were reported (fjydrochloric acid. Specimens were then dehydrated with
to protect against mitochondrial damage and reactive oxygaicohols and paraffin embedding using standard methods.
species production induced in chondrocytes unddissue specimens were then sectioned in sagittal plane with
interleukin-1B (IL-1() stimulation using primary murine 5mm thickness and were stained with H&E, and analyzed
chondrocytes (Wanef al, 2019a); (ii) to improve osteopeniato observe the morphological and pathological changes using
and promotes bone formation in cultured primary osteoblasight microscopy. The mean thickness of the articular
(Liu et al, 2011); and (iii) decreased the pathology otartilage surface was evaluated in all groups of rats.
osteoarthritis-induced osteoarticular injury in rats (Tahg
al., 2015). Therefore, we speculated that a combination Betermination of blood levels of glucoseHbAlc, TG,
metformin and captopril can efficiently protect against diascHOL, LDL-C, HDL-C, hs-CRP, TNF* and IL-6. Blood
betes-induced OA, associated with the inhibition olevels of glucose were determined colorimetrically using
glycemia, dyslipidemia and biomarkers of inflammation. a Randox reagent kit (Sigma-Aldrich). Blood levels of
HbAlc were measured using ELISA kit Cat. No. 80300;
Crystal Chem, Inc., IL, USA). The concentrations of serum
MATERIAL AND METHOD total cholesterol (CHOL), triglyceride (TG), low density
lipoprotein-cholesterol (LDL-C), high density lipoprotein-
cholesterol (HDL-C) were measured using the corresponding
Animals. All rat studies were performed according to theommercial enzyme kits (HUMAN Diagnostics, Wiesbaden,
Guide for the Care and Use of Laboratory Animals publish&germany). Serum levels of C-reactive protein (hs-CRP,
by the US National Institutes of Health (NIH publicationELISA kit Cat. No. ERC1021-1; ASSAYPRO, USA), TNF-
No. 85-23, revised 1996), and the King Khalid Universita (ELISA kit BIOTANG INC, Cat. No. R6365, MA, USA),
Ethical Review Committee (Ethics Statement) approved thasd IL-6 (ELISAkit BIOTANG INC, Cat. No. RB1829, MA,
work.Albino male rats weighing 170 - 200 gm were usedSA) were used as recommended by the manufacturer.
for this study. Animals were housed under a controlled
temperature of 28 1°C, with a twelve hours light/dark cycle Statistical analysis and morphometry.The data were

and had free access to food and water. expressed as the meastandard deviation (SD). Data were
processed and analyzed using the SPSS version 10.0 (SPSS,
Experimental design.After a one week adaptation period,Inc., Chicago, lll., USA). One-way ANOVA was done

rats were allocated into 3 groups (8 / group) as follows: Tliellowed by Tukey’s post hoc test. Pearson correlation
nontreated control group (Control) of rats were injectestatistical analysis was done for detection of a probable
intraperitoneally with vehicle and fed with a standard ansignificance between two different parameters. Results were
mal diet for 12 weeks. The diabetic group or the model growgonsidered significant if g 0.05.
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Using "Leica Qwin 500 C"image analyzer (Cambridgea normal knee joint architecture as demonstrated by intact
UK), the articular cartilage thickness score was obtained smooth articular surface with small flattened chondrocytes,
10 non overlapping high power fields/ rat of H&E sectiongegular chondrocytes surrounded by lacunae are scattered in
Quantitative data were tabulated as means and standgn@ territorial matrix of the deeper tissue, and a clear tide
deviations (SD) and compared using analysis of varianogark bridges between the deep zone and the calcified
(ANOVA) followed by post-Hoc analysis (Tukey test).cartilage. Furthermore, bone marrow cavity and the
Significant difference was considered when P-value <0.08ubchondral bone can be seen. Whereas, the data obtained
Calculations were made on SPSS software (version 19).from the diabetic untreated rats (Figs. 1B and 1D) showed a

substantial damage to the articular cartilage presented by a

very thin and irregularly eroded articular surface, profound
RESULTS damage to the tide mark that separate the deep zone from the

calcified zone, and abnormal bone marrow cavities and

remodeling of the subchondral bone. Treatment of the diabetic
Metformin plus captopril protect against diabetes- rats with Met+Cap (Fig. 1C and 1D) substantially protected
induced OA. To evaluate the effect of Met+Cap treatmenthe knee joint articular cartilage. This is confirmed by H&E
on protection against diabetes-induced OA using the bagicage (Figs. 1C ) and histograms represent a quantitative
histology staining method, one group @dluktic rats was analysis of the mean articular cartilage thickness (Fig. 1D)
treated with Met+Cap for 12 weeks, and knee joint tissusbiowing an increase in the thickness of the articular cartilage
harvested from all animal groups were prepared for H&Rith normal smooth superficial region, observed tide mark
staining. Representative H&E image of the articular cartilageifid arrow) between the deep zone and the calcif@tbz
knee joint obtained from the control group (Fig. 1A) showand normal subchondral bone remodeling (star).
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Fig. 1.Suppression of T2DM-induced OA by metformin (Met) plus captopril (Cap). H&E stained images (x200)of knee joint tissues
harvested at week 12 from the control group (A), T2DM group (B), and the protective group, Met+Cap+ T2DM (C). Note that in (A),
arrows point to chondrocytes located above the tide mark, and bifid arrows in (A and C) points to the tide mark sepeadtifigdhe

zone from the deep zone.The asterisks in (A) and (D) point to the normal subchondral bone remodeling, and curved aipows in (C)

to the damaged articular surface. H&E: hematoxylin and eosin; T2DM: type 2 diabetes mellitus; Abbreviations: B, bone nitégspw cav

D, the deep zone. Histograms in (D) represent a quantitative analysis of the mean articular cartilage thickness fronttireeabove
animal groups. All shown p values are significant; *p<0.05 versus control and **p<0.05 versus T2DM.
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Induction of diabetes and dyslipidemia is inhibited by sharp increase in blood glucose (Fig. 2A), HbAlc (Fig.
metformin plus captopril. In view of the results described 2B), TG (Fig. 2C), CHOL (Fig. 2D), and LDL-C (Fig.
above that showed substantial protection to the knee jot) that was significantly € 0.0013) decreased by
articular cartilage in the group of rats treated witiMet+Cap. Whereas, diabetes decreased blood levels of
Met+Cap, we assessed the blood levels of biomarkerslDL-C, which was significantly (p< 0.0001) increased
diabetes (glucose and glycated hemoglobin) aryy Met+Cap (Fig. 2F). However, the effects of Met+Cap
dyslipidemia (TG, CHOL, LDL-C, and HDL-C) in all were still significant (p< 0.05) when compared with the
animal groups. As shown in Figure 2, diabetes causea@ntrol group, except (B) and (C).
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Fig. 2. Metformin (Mit) plus captopril (Cap) decrease hyperglycemia, glycated haemoglobin, and dyslipidemia induced by
T2DM. Serum levels of glucose (A), HbAlc (B), TG (C), CHOL (D), LDL-C (E), and HDL-C (F) were measured at week
12 in all groups of rats; Control, T2DM, and (Met+Cap+T2DM) groups. Results represent thet8BgmES for each
group. *p<0.05 versus control, **p<0.05 versus T2DM.T2DM: type 2 diabetes mellitus; HbAlc: glycated hemoglobin;
TG:triglyceride; CHOL: total cholesterol; LDL-C:low density lipoprotein-cholesterol; HDL-C: high density lipoprotein-
cholesterol.

Metformin plus captopril ameliorates inflammationin  treatment for 12 weeks significantly (p< 0.05) decreased
diabetes-induced OA.The link between OA and diabetes-induced biomarkers of inflammation. However,
inflammation is well-known (Marouét al, 2018). To the effects of Met+Cap were still significant (p< 0.05) when

investigate whether the observed protection of OA ybmpared with the control group, which means partial
Met+cap was also associated with the inhibition ghhibition.

biomarkers of inflammation, we measured hs-CRP, IL-6,

and TNFe in blood samples collected from all animalCorrelation between the territorial matrix cartilage
groups 10 weeks post diabetic induction (Fig. 3). Bloogamageand biomarkers of diabetes, dyslipidemia, and
levels of hs-CRP (Fig. 3A), IL-6 (Fig. 3B), and TNF- inflammation. We further determined the correlation
(Fig. 3C) were significantly (p<0.0001) higher in thenetween the mean thickness of the articular surface scoring
diabetic group compared with the control group. Met+Cajind the blood levels of glucose, HbALc, TG, LDL-C, HDL-
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C, and hs-CRP in order to draw a link between thg = - 0.556; p= 0.0014) (Fig. 4B), TG (r =- 0.869;
pathogenesis of T2DM-induced OA and these biomarkegps:0.0001) (Fig. 4C), LDL-C (r = - 0.890; p<0.0001) (Fig.
and to confirm and characterize that the role of the agedt®), and hs-CRP (r = - 0.692; p<0.0001) (Fig. 4F).
Met+Cap is stable and appropriate in OA. Mean thickne8ghereas, Mean thickness of the articular cartilage
of the articular cartilage score showed negative correlatidisplayed positive correlation with HDL-C (r = 0.870;

with glucose (r=- 0.761; p<0.0001) (Fig. 4A), HbA1lcp<0.0001) (Fig. 4E).
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Fig. 3. Metformin (Met) plus captopril (Cap) decrease biomarkers of inflammation induced by T2DM. Serum levels of hs-
CRP (A), IL-6 (B), and TNF-a (C) were measured at week 12 in all groups of rats; Control, T2DM, and (Met+Cap+T2DM)
groups. Results represent the me#BLY); n=8 for each group. *p<0.05 versus control, **p<0.05 versus T2DM. T2DM:

type 2 diabetes mellitus; hs-CRP: high sensitivity C-reactive protein; IL-6: interleukin- 6; TNF-a: tumor necrosis factor

alpha.
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Fig. 4. Correlation between the mean thickness of the articular cartilage surface score and biomarkers of diabetesagyslipidemi
and inflammation. The articular cartilage thickness score was measured in all groups of rats at week 12 and its correlation
with glucose, HbAlc, TG, LDL-C, HDL-C, and hs-CRP are shown (A-F). HbAlc: glycated hemoglobin; TG:triglyceride;
LDL-C: low density lipoprotein-cholesterol; HDL-C: high density lipoprotein-cholesterol; hs-CRP: high sensitivity C-
reactive protein.
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findings of this study were that Met+Cap significantly inhibits
knee joint injury secondary to type 2 diabetes mellitus in a
rat model of diabetes-induced OA (Fig. 1). In additionEL-BIDAWY, M. H.; AL-ANI, B.; HUSSAIN, A. B.O.; AL-
Met+Cap treatment partia”y controlled g|ycemia'GHAMD|, S.; ALDOSSARI, K. K. & HAIDARA, M. A Inhibi-
dyslipidemia, and inflammation (Figs. 2 and 3). Furthermoréi,én de I_a lesién de la artic_ulacic')n dela ro_dilla_iflducida por digbe-
our data that shows a positive correlation between articutg® meII_ltus en ratas mediante una combinacion de metformina y
cartilage thickness score and glycemia, dyslipidemia, aﬁapmp“l'lm' J- Morphol., 39(3y47-753, 2021.

inflammation (Fig. 4) support our conclu5|0|_’1 mennpned RESUMEN: La osteoartritis (OA) es una enfermedad
above. Therefore, our results were thus consistent with QHfiamatoria que dafia las articulaciones y afecta a millones de per-
working hypothesis that the combined metformin angonas en todo el mundo. No se han investigado los posibles efec-
captopril, can substantially protect against knee joint damags inhibidores del farmaco antidiabético metformina combinado
caused in a rat model of diabetes-induced OA. con captopril, el inhibidor de la enzima convertidora de
angiotensina, sobre el dafio inducido por la diabetes en el cartilago
The link between knee osteoarthritis and diabetes aaficular de la articulacion de la rodilla asociado con la inhibicion
inflammation is well established in animal models and humdJ§ 2 glucemia, dislipidemia e inflamacion. En este estudio fue
(Al-Hashemet al, 2017: Perez Vertét al, 2018), and our inducida la diabetes en ratas con dietas altas en carbohidratos y

. . . . asas y una sola inyeccion de estreptozotocina (50 mg / kg). El
H&E images (Fig. 1) and blood chemistry data (Figs. 2 a upo protector de ratas se pretrat6é con dosis diarias combinadas

3) confirm the development of knee OA and inflammation &g metformina (Met; 200 mg / kg de peso corporal) y captopril
one of the diabetic complications occurring 10 weeks pogap; 150 mg / kg de peso corporal) durante 14 dias antes de la
diabetic induction in rats, are in agreement with these reporiisduccién diabética. El tratamiento se continué con metformina y
In addition, our data that point to a profound damage in thesveratrol hasta el final del experimento en la semana 12. Los
knee joint cartilage (Figs. 1 and 4) secondary to diabetest@jidos obtenidos de las articulaciones de la rodilla se prepararon
rats together with the report that demonstrated diabete&?@ la tincion de histologia basica con hematoxilina y eosina (H&E)

increased osteoclast activity and bone loss, which increadegf &Xaminaron con microscopia optica. Imagenes representati-
the risk of bone fractures and poor fracture healinvas de H&E mostraron que la OA se desarroll6 en las ratas diabé-

. . . gcas, como lo evidencia un dafio profundo en las articulaciones de
(Kal_altzoglou (?t al, 2016), are in agreement with thela rodilla, como la erosion irregular y una fuerte disminucion en el
previously published work that showed collagen accounts fgfosor de 1a superficie del cartilago articular y remodelacién anor-
about forty percent of the articular cartilage territorial matriyhal del hueso subcondral que fueron mejorados sustancialmente
(Eyre, 2002), and stimulation of collagen type Il productiopor Met + Cap. Met + Cap. También redujo significativamente (p
delayed articular cartilage degradation in OA étal, 2019). <0.05) los niveles sanguineos de glucosa, hemoglobina glicosilada
Furthermore, our data that point to Met+Cap inhibition ofHbA1c), dislipidemia y los biomarcadores inflamatorios, protei-
knee joint OA as demonstrated by a significant amelioratidif C reactiva de alta sensibilidad (hs-CRP), interleucina-6 (IL-6),

of articular cartilage damage in rats are in agreement with t§&2¢tor de necrosis tumoral alfa (TM-inducido por diabetes.
Ademas, una correlacion significativag(p,0014) entre el grosor

reports that show metformin reduced the risk of total kneaee | cartila . - p

L . ) . go articular y los niveles sanguineos de glucosa, HbAlc,

joint replacement in obese patients Wlth_knee OA_ (Weing triglicéridos (TG), lipoproteinas-colesterol de baja densidad (LDL-

al., 2019b), and exerted a chondroprotective effect in cultureq jipoproteinas de alta densidad-colesterol (HDL-C) ) y hs-CRP.

chondrocytes (Wanet al, 2019a). Asi, demostramos que Met + Cap protege eficazmente la articula-

cion de la rodilla contra lesiones inducidas por diabetes en ratas,

In conclusion, using basic histology and blooghosiblemente debido a la inhibicién de la glicemia, dislipidemia y

chemistry approaches, we demonstrate the developmenptgfmarcadores de inflamacion.

OA secondary to diabetes mellitus in a rat model, which is _ o o .

significantly protected by a combination of metformin and Z’%L'_AEAR'?S CLAVE: Artros.'ﬁ',v? |3b¢|ateds, Articulacion

captopril for a period of 10 weeks post-diabetic induction e la rodilla; Metformina; Captopril; Modelo de rata.
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