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Glucosamine-sulfate on fracture healing

Glukozamin siilfatin kirik 1yilesmesine etkisi
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BACKGROUND

The aim of this study is to determine whether glucosamine-
sulfate has any effects on bone-healing.

METHODS

A unilateral fracture was created in the tibia of sixty-one
female rats. Rats were given no drug or 230 mg/kg glucos-
amine-sulfate daily. Fractures were analyzed during the first,
second and fourth weeks after creation of fracture. Quantita-
tive measurement for new bone formation and osteoblast lin-
ing were determined histologically. Semiquantitative score
for fracture healing was used for histomorphometric analy-
ses. Bridging bone formation was assessed radiographically.

RESULTS

New bone formation and osteoblast lining were signifi-
cantly higher in glucosamine-treated group at week 1. Sur-
rounding connective tissue was more cellular and vascu-
lar, and the newly formed bone trabecules were present in
greater amounts in glucosamine-treated group, compared
to control group at week 1 and 4. But radiologically, the
control group had better scores than that of the glucos-
amine-treated group at week 4.

CONCLUSION

These data demonstrate that daily glucosamine-sulfate ad-
ministration accelerates early phase of fracture repair in the
rat tibia, with increased new bone formation and osteoblast
lining histologically, but radiologic bone union is not fa-
vored on radiographs.
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AMAC

Bu caligmanin amaci kikirdak glukozaminin kirik iyiles-
mesi lizerinde etkisi olup olmadiginin arastirilmasidir.

GEREC VE YONTEM

Altmus bir disi sigan tibiasinda tek tarafli kirik olusturuldu.
Sicanlara ya 230 mg/kg glukozamin siilfat verildi ya da ilag
verilmedi. Kiriklar, kirik olusumundan sonra birinci, ikin-
ci ve dordiincii haftalarda incelendi. Yeni kemik olusum
miktar1 ve osteoblast sayisi histolojik olarak &lgiildi. His-
tomorfometrik analiz i¢in kirik iyilegsmesi semikantitatif
olarak skorlandi. Radyografik olarak kemik k&prii olusumu
degerlendirildi.

BULGULAR

Glukozamin verilen grupta yeni kemik olusumu ve oste-
oblast sayisi 1. haftada anlamli derecede yiiksekti. 1. ve 4.
haftalarda kontrol grubuna gore, glukozamin verilen grupta
¢evre bag dokusu hiicre sayisi bakimindan zengin, daha vas-
kiiler ve yeni olugan kemik trabekiilleri daha fazla sayidaydi.
Fakat radyolojik olarak 4. haftada kontrol grubu, glukoza-
min verilen gruptan daha iyi skorlar aldi.

SONUC

Bu veriler giinliik glukozamin verilmesinin sigan tibiasinda
kirik iyilesmesinin erken fazini, artmis yeni kemik olusu-
mu ve osteoblast sayist ile histolojik olarak hizlandirdigs,
fakat radyolojik olarak ayni etkinin goriilmedigini goster-
mektedir.

Anahtar Sozciikler: Kemik; kirik iyilesmesi; glukozamin; osteob-
last.
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Glucosamine-sulfate on fracture healing

Glucosamine has been shown to have a number of
favorable effects on cartilage metabolism in vitro, in-
cluding a reduction in articular cartilage breakdown
and stimulation of synthesis of matrix components by
condrocytes."! Administration of glucosamine nor-
malizes cartilage metabolism, by inhibiting degrada-
tion and stimulating the synthesis of proteoglycans,
and restoring the articular functions.”!

However, the effect of glucosamine on bone me-
tabolism has not been investigated before. We hypoth-
esized that glucosamine could be a therapeutic agent
for the treatment of intraarticular fractures. The aim of
this study is to determine whether glucosamine-sulfate
has any effects on bone-healing. Glucosamine exists
in several forms, usually as glucosamine-sulfate and
glucosamine hydrochloride. Sulfate form has been
used in most experimental studies.’! We investigate
the role of glucosamine-sulfate on fracture healing.

MATERIALS AND METHODS

The study was conducted in accordance with prin-
ciples and procedures approved by Istanbul Universi-
ty, the Local Ethics Committee on animal experimen-
tation. Sixty-one female Wistar rats were used for this
study. Only the sixth group had 11 rats (Glucosamine-
treated group). Two or three rats were housed in each
cage with a 12h-12h light-dark cycle and controlled
temperature of 24+3 °C with humidity of 55+15%.
They were fed with water and standard rat chow ad
libitum. Rats were 6 weeks old and weighing 200-250
g. Three groups of rats received 230 mg/kg glucos-
amine-sulfate (Abdi Ibrahim, Dona, Turkey) intra-
peritoneally (IP), daily. The other three groups of rats
served as a control group. Dose selection was based on
preliminary studies.!"!

Rats were anesthetized with ketamine (0.25
mg/100 g) and xylazine (10 mg/100 g) IP. Once the
animal was sedated, the skin overlying knee was
shaved. A prophylactic dose of 60.000 IU of procain
penicillin was administered intramuscularly. The skin
overlying left knee was incised. Anterior tibial cor-
tex was cut with sagittal saw and posterior tibial cor-
tex was broken. A 0.25 mm metal pin was inserted
in to the medullary canal of the tibia. The incision
was closed.’” The rats were allowed to recover and
were permitted to eat and walk ad libitum. Subsets
of animals from each glucosamine-treated and con-
trol group were sacrificed at first, second, and fourth
weeks postoperatively by administering a lethal dose
of sodium pentobarbital IP.

Radiographs were made of all tibia to determine
whether administration of glucosamine-sulfate result-
ed in radiographic evidence of delayed healing. Bone
formation was scored on a 6-point scale as follows: 0,
no formation of bone; 1, formation of less than 25%
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of bone; 2, formation of more than 25% of bone; 3,
formation of more than 50% of bone; 4, formation of
more than 75% of bone; and 5, formation of 100% of
bone.® The radiographs were blindly scored by three
orthopedic surgeons for the presence of calcified frac-
ture callus and evidence of bone union. The final score
was the mean of all three scores.

Bones were fixed in 10% neutral buffered formalin
at room temperature. All specimens were decalcified
in De Castro solution (chloral hydrate, nitric acid, dis-
tilled water) and embedded in paraffin. Three to five
micrometer thick sections were stained with haema-
toxylin & eosin (HE), and Masson’s trichrome (MT).

Quantitative measurement for new bone
formation and osteoblast lining at fracture site

MT produces high contrast images with red (bone),
green (osteoid-cartilage), and purple (cell cytoplasm).
Photomictographs of each fracture area were gen-
erated by a light microscope (Leica DMR) with at-
tached computerized digital camera (Model DFC 480,
Leica Westlar Germany). The entire fracture area was
visible at the lowest magnification. Bright-field im-
ages were captured and analyzed quantitatively by
image processing program (Qwin Plus, Leica Inc.
Westlar Germany). The number of pixels correspond-
ing to new trabecular bone area in each image was
quantified, divided by the total number of pixels cor-
responding to total fracture area, and converted to pm?
in each specimen. Osteoblasts were quantified based
on their morphology on HE stained sections for length
of their linear apposition along osteoid-new bone sur-
faces relative to total new bone-osteoid surface length
for three randomly selected high power fields (200x)
and are reported as a fraction (%) average for each
sample.”!

Semiquantitative scoring for fracture healing

A total fracture healing score was given to each
specimen regarding the callus formation, bone union,
marrow changes, and cortex remodeling.'” Regard-
ing callus formation, (3) was given for presence of
full callus formation across the defect, (2) for pres-
ence of moderate callus formation, (1) for presence
of mild callus formation, and (0) for no callus forma-
tion. Bone union was scored as (3) for full bone bridge
(union), (2) for moderate bridge (>50%), (1) for mild
bridge (<50%), and (0) for the lack of new bone in the
fracture line (nonunion). Regarding marrow changes,
(4) was given for the presence of adult type fatty mar-
row, (3) for 2/3 of marrow replaced by new tissue, (2)
for 1/3 of marrow replaced by new tissue, (1) for the
presence of fibrous tissue, and (0) for the red tissue.
Regarding cortex remodeling, (2) was given for the
presence of full remodeling cortex, (1) for intramedul-
lary canal, and (0) for the lack of cortical remodeling.
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Fig. 1. Radiographs of isolated tibia at (a) one, (b) two, and (c) six weeks after the fracture. Left: Glucosamine-treated group,
Right: Control group.

(191 Fracture healing score is the sum of callus forma-
tion score, bone union score, marrow changes score,
and cortex remodeling score.

Statistical analysis

Independent variables were the division of groups
based upon glucosamine-sulfate administration, and
the dependent variables were the histology and radi-
ology parameters. The normality of distribution and
the homogeneity of variances of the sample were es-
tablished using the Shapiro-Wilk test. All week 1 pa-
rameters, osteoblast lining parameter of week 2, and
osteoblast lining and bone healing parameters of week
4 were analyzed by parametric test one way ANOVA.
All other parameters were analyzed by nonparamet-
ric tests. Kruskal-Wallis was used for multiple com-
parison and Mann-Whitney U as post-hoc test with

Bonferroni correction. Correlation between the histo-
logic and radiologic measurements were assessed us-
ing Spearman test. Radiologic scoring was performed
by blind independent investigators (n=3). The intra-
class (reliability) correlation coefficient was calculat-
ed (r=0.80). Then the mean of calculated radiologic
scores was included in parametric and nonparametric
analyses. Descriptive statistical values were expressed
as median, minimum, and maximum. The difference
was considered significant if p<0.05.

RESULTS

The radiographic appearance of films suggested
normal fracture healing. There was neither ectopic cal-
cification nor unusual (e.g., over-abundant) callus for-
mation. Complete bone healing was observed in both
groups. Radiologic scores did not show any significant

Table 1. The data of variables belonging to different groups are given as mean, standart deviation and p values

Sacrification time Groups Radiologic New bone per fracture Osteoblast Fracture
score line ratio (um?) lining (%) healing score
First week Gle 2.85+0.89 0.22+0.07 30.36+8.92 3.9+1.28
Control 3.08+0.69 0.09+0.03 19.5+6.84 34+0.94
P 0.405 0.000* 0.007* 0.101
Second week Glc 3.8+1.12 0.29+0.07 35.29+11.25 6.6+1.26
Control 3.2+0.61 0.23+0.08 35.6+£12.38 6.5+1.35
P 0.057 0.226 0.820 0.846
Fourth week Gle 4.25+0.59 0.92+£0.07 55.5£17.85 10.36+1.12
Control 4.85+0.36 0.93+0.06 59.56+17.02 10+1.41
)4 0.036* 0.809 0.654 0.705

Gle: Glucosamine-treated group; * p<0.005.
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difference between groups at week 1 and week 2. Ra-
diologically, the control group received significantly
better scores than the glucosamine-treated group at
week 4 (p=0.036) (Fig. 1, Table 1).

New bone per fracture line ratio was significantly
higher in glucosamine-treated group comparing to that
of control group at week 1 (p=0.000). New bone trab-
ecules lined by active bone-forming cells (osteoblasts)
were higher in the glucosamine-treated group in com-
parison to control on day 7 (p=0.007) (Fig. 2, Table 1).
Histologic scores did not show any significant differ-
ence between groups at week 2.

Histomorphologically, a highly vascular and cellu-
lar connective tissue callus initiated intramembranous
and/or endochondral bone formation at the fracture
area in both groups. Surrounding connective tissue
was more cellular and vascular and the newly formed
bone trabecules were more numerous in the glucos-
amine-treated group, comparing to control at week 1
and 4 (Fig. 2, Table 1).

The radiologic and histologic bone healing pa-
rameters generally increased over time (1 to 2, 2 to 4,
and 1 to 4 weeks) in control and glucosamine-treated
groups (p<0.05). This data demonstrates that a healthy
healing process occurred in both groups.

Fig. 2. Fracture line consists of a fibrous, cartilaginous (Ca) and bony callus (NBT: New bone trab-

DISCUSSION

According to this data, glucosamine sulphate in-
creased new bone formation, osteoblastic cell lining,
bone trabecules, and cellularity and vascularity of the
cartilage matrix. New bone formation was accelerated
in the glucosamine-treated group at week 1, whereas
radiographic bone healing was diminished at week 4.

Fracture repair is a complex process that involves
mesenchymal and/or surface osteoblasts and signal-
ing molecules including proinflammatory cytokines,
transforming growth factor-beta (TGF-B) superfam-
ily members and angiogenic factors.!''? The repair is
initiated by an immediate inflammatory response that
leads to the recruitment of mesenchymal stem cells
and subsequent differentiation into mesenchymal os-
teoblasts that produce cartilage matrix.!'?! According
to this data, glucosamine-sulfate affects the first stages
of bone repair and increases osteoblastic cell lining,
bone trabecules, and cellularity and vascularity of the
cartilage matrix.

Kim and collaborators!!*! demonstrated that glucos-
amine sulfate can increase Alchalen phospatase activ-
ity, collagen synthesis, osteocalcin secretion, and min-
eralization in osteoblastic cells in vitro. Glucosamine
sulfate exerts a stimulatory effect on differentiation in
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ecules in green) at 1 week; in both glucosamine and the control groups. Note the high amount
of new bone trabecules in B with glucosamine when compared to control (D). Cartilage
islands are obvious in D. CB: Cortical bone; HE: Haematoxylin eosin, MT: Masson’s tri-

chrome.
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osteoblast-like MG-63 cells in vitro.'¥ We think that
the probable mechanism of glucosamine sulphate’s
effect on bone healing is through the stimulation of
osteoblastic cells.

We did not observe the same effect at the end of the
healing process. In comparison to the glucosamine-
treated group, radiologic bone union was not as evi-
dent as in the control group. However, the histologic
parameters of bone union did not differ between the
two groups at the fourth week. We did not perform
mechanical testing to accurately interpret the results.
However, bone strength is mainly characterized by ar-
chitectural structure, the mineral content of bone, ex-
tracellular matrix properties, and cellular biomechan-
ics and these are accurately assessed by histological
analysis.!'¥

The major limitation of this study is the absence of
a dose-response study of glucosamine-sulfate. How-
ever, this is the first study, to our knowledge, evaluat-
ing the effects of glucosamine-sulfate on fracture heal-
ing. Additional studies are necessary to determine the
effects of glucosamine on fracture-healing.

Given the central role of glucosamine in cartilage
metabolism, it is likely to have a profound influence on
bone metabolism. In summary, daily glucosamine sul-
fate administration following fracture increased bone
formation in the rat tibia, with increased new bone for-
mation and osteoblast lining histologically. However,
the presence of radiologic bone union was not demon-
strated by radiographs in the treatment group.
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