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Abstract: Background — Diabetes mellitus caused alteration of chondrocytes morphology of superficial layer on osteoarthritic articular 
(OA) cartilage in an articular cartilage rat model. These results need to be analyzed in relation to hyperglycemia duration.  
Objective — This study evaluates the influence of hyperglycemia on microscopic anatomical damage progression in OA cartilage.  
Material and Methods — Thirty-five adult male rats were divided into seven groups: control group, three OA groups, and three OA groups 
with type 1 diabetes mellitus (DMT-1). For OA groups, the first, second, and third group was sacrificed on the third, fourth, and sixth week 
respectively after two months maintenance. OA with DMT-1 groups were performed anterior cruciate ligament transaction (ACLT) and 
were injected streptozotocin intraperitoneally to promote DMT-1 for one-month maintenance. DMT-1.1, DMT-1.2, and DMT-1.3 group was 
sacrificed on the third, fourth, and sixth week respectively after two months maintenance. The right knee cartilage was taken and 
processed for histopathology with hematoxylin and eosin staining, then analyzed using a Pritzker scale.  
Results — In OA group with DMT-1, hyperglycemia duration (6th>4th>3th weeks exposure) increased the level of damage in the OA cartilage 
compared with the OA group. Pritzker scale observe on deeper abrasiveness of the superficial articular layer, cartilage fissure reaching the 
middle layer, a more severe decrease in the chondrocytes columnar pattern, changing of matrix integrity, and many sclerotic conditions 
were provoked by increasing the hyperglycemia duration.  
Conclusion — Hyperglycemia duration influenced the damage level in the articular cartilage, increasing the progression of OA disease in 
animal models.  
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Introduction  

Hyperglycemia can influence proteins or cellular or molecular 
glycation of human tissue. The specific characteristics of 
chondrocytes in the articular cartilage include adaption to low 
oxygen levels (1%-7%) and low sugar levels involving glucose 
transport (GLUT-1 and GLUT-3) [1, 2]. Chondrocytes live in an 
isolated microenvironment [3]. Therefore, research on the 
progressive microscopic anatomical damage on the articular 
cartilage caused by hyperglycemia duration needs to be 
conducted.  

Anatomy as a basic science has a precious position in the 
scientific framework, using cellular responses as reasoning bases 
to understand biomolecular reactions. It is believed that negative 
influences in the microenvironment of the human tissue as the 
first impact of molecular or cellular disturbances before such 
promotes functional distortion, which will be observed as signs or 
symptoms in a patient. Previous research concluded that 
hyperglycemia causes the hypertrophy phase of chondrocytes [4]. 
This condition starts at the superficial layer of the cartilage with a 

change in the chondrocytes’ diagonal diameter and the distances 
between chondrocytes [5].  

The present study analyzed cartilage layers, cartilage fissures, 
chondrocyte size and distribution, cartilage matrix integrity, and 
sclerotic condition using the method of Pritzker et al. in a rat 
model [6]. The results of the present study seek to elucidate 
whether the osteoarthritic articular (OA) cartilage condition is 
influenced by hyperglycemia duration. The anterior cruciate 
ligament transaction (ACLT) was used to create the osteoarthritic 
condition [7]. The present study used ACLT maintenance as 
representative of posttraumatic OA (PTOA), which comprises 12% 
of the total OA cases. A previous study showed that 50% of knee 
trauma cases lead to OA after five to 10 years, which will increase 
to 75% when followed by an intra-articular fracture [8]. Therefore, 
the present study analyzed microscopic anatomical changes in an 
OA cartilage rat model to understand the evolution of the 
osteoarthritic condition in accordance with varying hyperglycemia 
durations representative of type 1 diabetes mellitus (DMT-1). This 
study used the occurrence of hyperglycemia in OA as a prevention 
base and reduced OA disease progression and morbidity by 
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revealing the impact of the level of damage between the OA 
cartilage group and the OA cartilage with DMT-1 group. 

 

Material and Methods 

Animal subjects 

This study received approval from the research ethics 
committee of Brawijaya University, Malang, East Java, Indonesia 
No. 882-KEP-UB. Thirty-five adult male rats (Rattus norvegicus 
strain Wistar) aged five to six months old and weighing 300 to 
400 g were included. The animal models were maintained in the 
Animal Hotel at the Laboratory of Biosain Institute, Brawijaya 
University, Malang, Indonesia. Environmental conditions are 
maintained at a temperature of 22°C-23°C, humidity at 76%-80%, 
and a 12 h light cycle (lights turn on at 06.00 AM and turn off at 
06.00 PM). All subject animals were housed in 370 × 290 × 120 mm 
cages. They were fed standard Japfa Comfeed concentrate 
(content: 12% of water, 16%-18% of crude protein, 3%-7% of crude 
fat, 8% of maximum crude fiber, 10% of ash, 0.8%-1.0% of calcium, 
and 0.6%-0.8% of phosphorus) and ad libitum water. During 
maintenance, the animal health was monitored twice a day at 
feeding times in the mornings and evenings. 

 

Experimental design 

This type of research is a purely laboratory experimental study, 
involving the subject of the Wistar mouse model (Rattus 
norvegicus). All subjects were randomly divided among seven 
groups with five rats included in each group as follows: a control 
group (N), three groups treated with ACLT to create OA condition 
(ACLT 1, 2, and 3), and three groups treated with ACLT followed by 
15 mg/kg body weight intraperitoneal streptozotocin injection for 
three days to produce the hyperglycemia condition (DMT-1.1, -1.2, 
and -1.3). All subjects were given 30 g of standard diet twice a day 
in the morning and afternoon. The ACLT groups were maintained 
for two months after treatment. After that, the groups were 
sacrificed as follows: three (ACLT 1), four (ACLT 2), and six (ACLT 3) 
weeks after two months of treatment. The DMT-1 groups were 
maintained for one month after ACLT treatment and then given 
the streptozotocin intraperitoneal injection. After that, they were 
maintained for another month. Similar to ACLT group, the DMT-
1.1, -1.2, and -1.3 groups were sacrificed on the third, fourth, and 
sixth weeks, respectively, after two months of maintenance. All 
animal models were sacrificed by physical euthanasia (cervical 
dislocation) under anesthesia (intraperitoneal injection of 

80 mg/kg body weight Ketamine and 10 mg/kg body weight 
Xylazine). The present study used a duration-of-time experimental 
design, which considered the right knees of the rats with OA 
without hyperglycemia versus with hyperglycemia.  

 

Histopathological analysis 

The right knee joint was flooded in RapidCalTM Immuno as a 
decalcifying agent to make joint and bone softer and easier to cut 
by microtome. The tissue was then proceeded to produce thin 
slices of cartilage tissue in paraffin block. The slices of cartilage 
tissue were laid at object glass, then performed the hematoxylin 
and eosin staining, and scored the articular damage level 
according to the Pritzker scale [6]. 

 

Statistical analysis 

We used one-way Analysis of Variance and Pearson 
Correlation by SPSS Program 22th version to analyze the research 
data (Table 1). The blood glucose of OA-like group and OA-like 
with DMT-1 was analyzed using a correlation factor to anatomical 
damage level of OA articular cartilage by Pritzker Scale; using the 
Pearson’s correlation yielding correlation coefficients (π) and p 
values at the times of hyperglycemia duration: the 3rd week; the 
4th week and the 6th week. The results are presented in tables and 
figures. 

 

Results 

The results of the statistical analysis show that the correlation 
coefficient (r) of the OA + DMT-1 group rose from 0.480 on the 
third week to 0.541 on the fourth week and to 0.562 on the sixth 

week. This means that the hypothesis, hyperglycemia duration 
correlated to an increase in the Pritzker scale cartilage damage 
level. 

 

Table 1. The statistical analysis of Pearson Correlation: Hyperglycemia 
duration correlated with the Pritzker scale 

Group 

Duration 

3rd Week 4th Week 6th Week 

r p r p r p 

OA 
Hyperglycemia 
Pritzker Scale 

0.649 0.042 0.633 0.049 0.707 0.022 

OA + DMT-1 
Hyperglycemia 
Pritzker Scale 

0.480 0.026 0.541 0.015 0.562 0.023 

 

Table 2. Pritzker scale description as a guide for the parameters of articular cartilage damage level. This scale measures the area of the cartilage layer, 
cartilage fissure, chondrocytes size and distribution, matrix integrity, and sclerotic formation 

Level Status Cartilage layer Cartilage fissure 
Chondrocytes Size & 

distribution 
Matrix integrity 

Sclerotic 
formation 

1 Surface intact Surface intact - Appropriate orientation 
Normal architecture 

(homogeny) 
(-) 

2 
Surface 
discontinuity 

Discontinuity at superficial 
zone 

Deep fibrillation 

Disorientation of chondrocyte 
columns; cell death (+); 
proliferation (clusters); 

hypertrophy 

Depletion matrix 1/3 upper 
cartilage zone 

(-) 

3 
Vertical 
fissures (clefts) 

As above; Cartilage domains 
adjacent to fissures 

As above; (+) To mid zone; branched 
fissures 

Cell death (+); regeneration 
(clusters); hypertrophy 

Depletion matrix 2/3 upper 
cartilage zone; New collagen 

formation (heterogeny) 
(-) 

4 Erosion 
Delamination of superficial 

layer; mid layer cyst formation 
As above; (+) To mid zone cartilage 

loss 
Cell death (++); 
low distribution 

Cartilage matrix loss (+) 

5 Denudation 
Sclerotic bone or fibrocartilage 

repair 
To bone surface 

Decreasing distribution, 
hypertrophy 

Cartilage matrix loss (+) 

6 Deformation Bone remodeling 
Microfracture with fibrocartilaginous 

and osseous repair 
Cell death (+++) calcification Ossification of matrix 

Osteophyte 
formation 
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Figure 1. Comparison of the microscopic anatomy of the articular 
cartilage formation and damage evaluation with H&E (light microscope 
40x) of the DMT-1 groups and the ACLT groups without duration of 
hyperglycemia. It showed that all groups had severe cartilage superficial 
layer damage, with it being more severe in the DMT-1 groups than in the 
ACLT groups. 

 

Table 3. Analysis on the microscopic anatomical damage levels in the 
articular cartilage by Pritzker scale of the N group, three DMT-1 groups 
and three ACLT groups 

 N group 
DM 1 
group 

DM 2 
group 

DM 3 
group 

ACLT 1 
group 

ACLT 2 
group 

ACLT 3 
group 

Pritzker scale 

1) 2 
2) 0 
3) 0 
4) 0 
5) 0 

1) 1 
2) 2 
3) 3 
4) 2 
5) 3 

1) 1 
2) 4 
3) 3 
4) 1 
5) 3 

1) 2 
2) 4 
3) 4 
4) 1 
5) 4 

1) 0 
2) 2 
3) 2 
4) 2 
5) 1 

1) 1 
2) 2 
3) 1 
4) 1 
5) 3 

1) 0 
2) 1 
3) 3 
4) 1 
5) 0 

 Mean 0.4 2.2 2.4 3 1.4 1.6 1.0 
Std. Deviation 0.894 0.837 1.342 1.414 0.894 0.894 1.225 

 

 

The OA cartilage damage level was analyzed using the Pritzker 
scale (Table 2) by observing articular cartilage components such as 
the superficial and all layers of cartilage, cartilage fissures, 
chondrocyte size and distribution, matrix integrity, and sclerotic 
formation. 

Considering the results of histopathological analysis, Figure 1 
shows that fissures in the superficial cartilage layers of the DMT-1 
groups were more severe than in the ACLT groups. Chondrocyte 
size and distribution in the DMT-1 groups demonstrated a 
reduction in the columnar pattern. The matrix integrity of the 
cartilage displayed more apoptotic bodies and sclerotic formation 
in the DMT-1 groups than in the ACLT groups. 

As shown in Table 2, the Pritzker scale of the DMT-1 groups 
increased during hyperglycemia duration, which shows an increase 
in the severity of the damage in the articular cartilage; whereas, 
the Pritzker scale of the ACLT groups decreased during the 
maintenance period without hyperglycemia duration, which shows 
a decrease in the severity of the damage in the articular cartilage 
or a regenerating response (Table 3). 

Based on the Pritzker scale (Table 3), the results of the data 
analysis of the articular damage level showed that the DMT-1 
groups experienced increasing damage severity, ranging from a 
mean of 2.2 in the DMT-1.1 group, 2.4 in the DMT-1.2 group, and 3 
in the DMT-1.3 group. Outcomes showed that, at the microscopic 
anatomical level, more and more damage was happening in the 
DMT-1 groups with longer hyperglycemia durations. Table 2 shows 

the results of the DMT-1 groups. The DMT-1.1 group presented a 
score from levels 1 to 3, where the cartilage layer was abrasive 
from the superficial to early mid zone and had branching fissures, 
chondrocyte death, missing chondrocyte column formation and 
regeneration form, chondrocytes in the hypertrophy phase, 
decreased matrix integrity by a depletion in the matrix of one-third 
to two-thirds of the upper layer of the cartilage, and less sclerotic 
formation. This condition lasted an extra week in the DMT-1.2 
group, which showed various score results for levels 1 to 4, with 
more progressive damage such as deeper cartilage fissures and 
branching to the mid zone, chondrocyte death, less regeneration, 
hypertrophic chondrocytes, matrix loss, and sclerotic formation. 
The score of the DMT-1.2 group was worse than in the DMT-1.1 
group. When hyperglycemia duration was continued for two more 
weeks, as in the DMT-1.3 group, the level 4 score was dominant in 
five rats. This means that cartilage damage progression was 
increased and showed no regeneration cluster formation. The 
progression of the articular cartilage damage level was increased 
by the impact of hyperglycemia duration. 

Furthermore, the results of the ACLT groups revealed that the 
articular damage level on the Pritzker scale (Table 3) decreased 
from a mean of 1.6 in ACLT 2 to 1.4 in ACLT 1 and 1.0 in the ACLT 3 
group at sacrifice. Further, the Pritzker scale revealed a decrease 
in the mean of severity upon comparison with the ACLT 2 group 
(mean: 1.6), ACLT 1 group (mean: 1.4), and ACLT 3 group (mean: 
1.0). These showed that the ACLT 2 group, after 12 weeks of 
maintenance, had the highest level on the Pritzker scale, varying 
from 1 to 3, whereas after two more weeks, the ACLT 3 group 
showed a reduction in Pritzker scale level to 1 in five rats, and to 0 
at samples No.1 and 5 (these conditions showed the response of 
cartilage regeneration by chondrocytes over time). When this 
condition continued for two more weeks, after 14 weeks of 
maintenance, the domination of level 1 on the Pritzker scale was 
noted. These impressive results in the ACLT groups revealed a 
reduction in the progression of articular damage by increasing 
chondrocyte cellular responses such as chondrocyte proliferation 
and the prehypertrophic phase, chondrocyte column formation, 
matrix integrity, and fissure depth reduction. 

 

Discussion 

The resulting data on the analyzed articular damage level using 
the Pritzker scale revealed that the DMT-1 groups experienced 
increasing damage severity. The analysis exposed at the 
microscopic anatomical level that progressively greater damage 
was happening in the DMT-1 groups under hyperglycemia. 
Hyperglycemia directly acts inside the chondrocytes on the cell 
membrane because of GLUT-1 and GLUT-3 [2]. It changes the 
chondrocytes’ intracellular conditions, disturbing the glycolytic 
level and leading to age-related hypertrophic phase [9]. Our 
results also showed that the influence of time/the hyperglycemia 
duration seriously impacted the severity of the OA disease by 
increasing its progression.  

Furthermore, without the influence of hyperglycemia duration, 
the articular damage level in the ACLT groups declined. These 
results supported the regenerative response of chondrocytes in 
the articular cartilage that received PTOA treatment without the 
influence of hyperglycemia.  

The present study used a rat OA model treated with ACLT 
maintenance to externally induce OA over four to six weeks [10]. 
Hyperglycemia causes glycation of molecular proteins or cellular 
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proteins in all human tissues, including the articular cartilage [11]. 
When hyperglycemia reaches the articular cartilage, it will be 
considered as a side effect because the articular cartilage only has 
chondrocytes as resident cells [12]. It will cause some change or 
modification of molecular components or proteins located in the 
cartilage matrix, affecting their original function. Chondrocytes 
usually live in a microenvironment with a lower glucose level than 
the blood glucose level, and it had glucose transport noninsulin 
dependence (GLUT-1 and GLUT-3) [2,13].  

Therefore, when hyperglycemia reached the matrix, 
continually affecting the intracellular area of chondrocytes, it 
caused something else. A previous study of the results of diabetes 
in OA suggested an increase in the severity of this disease [14]. In 
addition, another previous study found that the specific condition 
of articular change affected avascular, aneural and lymphatic 
tissue, so the major chondrocyte response was as of a residential 
cartilage cell [15]. It is believed that molecules or proteins change, 
causing alteration in the original function, influencing 
chondrocytes to receive compression at the superficial layer first, 
followed by a more in-depth component of articular cartilage [16]. 
The present study showed opposite results between the DMT-1 
and ACLT groups, supporting that hyperglycemia duration had 
different impacts on the OA articular cartilage of rats over time.  

By analyzing a superficial layer of the articular cartilage, the 
results of the DMT-1 groups revealed that DMT-1 increased the 
severity of OA disease [5], which had a more in-depth and 
branched fissure. This condition was caused by reducing the matrix 
integrity due to changing the chondrocyte phase from proliferating 
and hypertrophic phases to the hypertrophic phase; therefore, the 
chondrocyte size was increased in the DMT-1 groups, especially in 
the DMT-1.3 group, which had the longest duration. Hypertrophic 
chondrocytes would produce more collagen type X and catabolic 
factors such as proinflammatory cytokines [17], so it would 
accelerate articular cartilage matrix degradation. The hypertrophic 
phase also accelerated chondrocyte apoptosis or cell death [18]. 
Therefore, progressively greater chondrocyte expiry was observed 
in the DMT-1 groups, especially in the DMT-1.3 group, which 
involved the most extended hyperglycemia duration. The changing 
of collagen production by chondrocytes in the hypertrophic phase 
from collagen type II to type X was caused by the heterogeneity of 
matrix colorization in hematoxylin and eosin staining. We 
observed the heterogeneous color of the matrix in a microscopic 
anatomical sample, which was a sign of the changing matrix 
integrity and reduced matrix elasticity. In addition, many sclerotic 
conditions were found in the articular cartilage matrix in the DMT-
1.3 group. Furthermore, reduced chondrocyte column formation 
means that hyperglycemia duration was limiting the chondrocyte 
regeneration response.  

The glycation process impacts the intracellular component of 
chondrocytes the same way molecular proteins of the aortic 
endothelial cell are modified [19]. All above characteristics of the 
microscopic anatomical level were analyzed as cellular and tissue 
changes caused by hyperglycemia duration with an increasing 
value on the Pritzker scale, which means increased progression in 
the damage of the articular cartilage. The present study proposes 
that if hyperglycemia duration maintenance is extended for some 
extra weeks, it will continue to increase the progression in the 
damage level of the articular cartilage because the glycation 
process continues to be impacted severely with molecular and 
cellular component changes. 

The resulting data of the ACLT groups showed that OA without 
the influence of hyperglycemia duration exhibited a decreasing 
level on the Pritzker scale. It means slowing the progression of OA 
cartilage damage, reducing the deepness of the cartilage fissure, 
increasing chondrocyte quantity around the fissure and column 
formation, increased chondrocyte phases, reducing apoptotic 
bodies, and a more homogenous colorization in the cartilage 
matrix. All above characteristics in the ACLT groups were in 
contrast to the microscopic anatomical results in the DMT-1 
groups because a regenerative response was seen in the ACLT 
groups without the influence of hyperglycemia duration. The 
present study results showed that hyperglycemia duration needs 
to be controlled as soon as possible to prevent the progression of 
OA disease. 

 

Conclusion 

This study showed that hyperglycemia duration caused 
increasing progressiveness of OA cartilage damage due to an 
increase in deeper articular cartilage fissures in the superficial 
layer, a change to the hypertrophic phase in chondrocytes, 
augmented chondrocyte expiry, reduced matrix integrity, and 
sclerotic formation, as measured by the Pritzker scale. Therefore, 
the damage level in the OA cartilage in the rat model becomes 
severe because of DMT-1. Hyperglycemia badly influences articular 
matrix glycation and chondrocyte response to matrix regeneration. 
Therefore, hyperglycemia should be avoided as soon as possible to 
reduce severity and progression of OA disease.  
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