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In the current study, we examined the effect of Morinda officinalis polysaccharides (MOP) on bone 
quality in aged rats. Rats were given orally by daily gavage at 200 and 400 mg/kg/day for 3 months, 
respectively. The results showed that there was a significant decrease in serum alkaline phosphatase 
(ALP), Interleukin 6 (IL-6) content and a significant increase in density and strength of femur and lumbar 
vertebrae in aged rats 3 months after Morinda officinalis polysaccharides treatment. In conclusion, 
these data suggest that Morinda officinalis polysaccharides can protect the age-induced bone 
degeneration. 
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INTRODUCTION 
 
Osteoporosis is characterized by low bone mass and 
enhanced fragility of the bones, making the bones 
susceptible to fractures from minor trauma, and it is often 
associated with aging. Until recently, the focus of age-
related bone loss has been on postmenopausal women 
mainly because women start loosing bone earlier than 
men and the bone loss proceeds more rapidly in women 
than in men (Ferrari, 2008; International Osteoporosis 
Foundation, 2006). In addition to perfusion, systemic 
metabolism and the influence of medication, age plays an 
important role as a biological factor. Animal experiments 
in rats as well as clinical studies in humans show a 
delayed course of bone healing with increasing age 
(Meyer et al., 2001; Skak and Jensen, 1988). As reasons 
for this, a reduced number of osteogenic stem cells, their 
reduced proliferation and differentiation potential, and 
reduced systemic or local blood flow have been 
discussed (Battmann et al., 1997; Bloomfield et al., 2002; 
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Quarto, et al., 1995; Silbermann et al., 1987). Chinese 
traditional tonic herbal medicine BaJiTian (Morinda 
officinalis) has been extensively used in China for about 
two thousand years, for tonifying kidney, strengthening 
Yang-qi, relieving rheumatism and so on. It is used in 
Chinese medicine to nourish “Kidney-Yang” and 
strengthen the “Bone and Muscle” indicated for 
impotence, emission, enuresis, infertility, and to treat Cold 
and Dampness syndromes such as rheumatism, pain and 
fatigue (Zhang et al., 2002). Recently, studies on M. 
officinalis including chemical ingredients and relevant 
pharmacological properties have been performed. 
Iridoids isolated from M. officinalis have displayed 
obvious antinociceptive and anti-inflammatory effects 
(Choi et al., 2005), oligosaccharides have been shown to 
possess antidepressant effects and its anthraquinones 
have been isolated (Li et al., 2004). Polysaccharides 
have also been determined and recently were shown to 
have protective effect against bone loss (Wu et al., 2005). 
The objective of the present study was to evaluate the 
protective effect of M. officinalis polysaccharides on bone 
degeneration in the aged rats. 



 
 
 
 
MATERIALS AND METHODS 
 
Materials 

 
M. officinalis was obtained from Changsheng herb shop, China. The 
material (No. 2009-0004) was identified by Professor C.Y Wang, 
College of Pharmacy, Our University, China. 
 
 
Extraction of M. officinalis polysaccharides 

 
M. officinalis samples were grind into fine powder and defatted with 
ethanol for 10 h and extracted three times with boiling water 
(100°C), each time for 2 h. The extracts were then filtered and 
concentrated under reduced pressure. The crude polysaccharide 
fraction, termed MOP, was obtained by ethanol precipitation at the 
final concentrations of 80% of ethanol.  
 
 
Animals and treatments 

 
Thirty-two male Wistar rats were provided from our institute 
(Guangzhou city; China). They were kept in a temperature-
controlled environment (20±1°C) with a 12:12-h light–dark cycle, 
and fed standard chow, for at least 1 week before any manipulation. 
Rats were kept and treated in accordance with the China 
regulations concerning animal care, in an approved environment.  

Animals were divided into four group: Normal control group (NC) 
(aged 3 months, body weight 137±11 g), Model control group (MC) 
(aged 18 months, body weight 327±18 g), two MOP-treated group 
(aged 18 months). Each group included eight animals. In the two 
MOP-treated groups, M. officinalis polysaccharides was given orally 
by daily gavage at 200 and 400 mg/kg/day for 3 months, 
respectively, with eight animals per dose. In normal control group 
(NC), rats was given orally with equal volume of saline for 3 
months. In the model control group (MC), rats was given orally with 
equal volume of saline for 3 months. 

At the end of the experiment, all animals were anesthetized via 
an intraperitoneal injection of Ketamine/Xylazine (Ketamine: 100 
mg/ml, 90 mg/kg; Xylazine: 20 mg/ml, 10 mg/kg), and then 
exsanguinated via cardiac puncture. Blood and tissue samples 
were removed for further analysis. 
 
 
Serum biochemical parameters assay 
 
Serum ALP was measured on an automatic analyzer (Ciba-Corning 
550, USA) using a diagnostic reagent kit. Serum IL-6 was estimated 
using an ELISA kit according to the manufacturer's instructions. 
 
 
Femur and lumbar vertebrae density measurements by 
peripheral quantitative computed tomography (pQCT) 
 
Femur length was measured with digital calipers (Stoelting, Wood 
Dale, IL). Isolated femurs and lumbar vertebrae were measured for 
density using pQCT (Stratec XCT 960 M, Norland Medical Systems, 
Ft. Atkinson, WI). Femurs and lumbar vertebrae were assessed for 
cross-sectional and volumetric bone parameters using a 
multispecimen holder designed for the XCT 960 M. Analysis was 
carried out by a modification of the previously described method 
(Beamer et al., 1998). Voxel size was reduced to 0.07 mm for the 
analysis. The bone scans were analyzed with two different outer 
threshold settings to separate bone from soft tissue. An outer (and 
inner) threshold of 630 mg/cm

3
 was used to determine bone areas 

and surfaces. These thresholds were selected to yield area values 
consistent with histomorphometrically derived values. To determine 
mineral content, a second analysis was  carried  out  with  an  outer 
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threshold setting of 230 mg/cm

3
. This lower threshold was selected 

so that mineral from most partial voxels would be included in the 
analysis. Density values were calculated from the analyzed areas 
and associated mineral contents. Total volumetric density (vBMD) 
values were calculated by dividing the total mineral  content  by  the 
total bone volume (bone and marrow).  
 
 
Biomechanical strength testing of femurs and lumbar 
vertebraes 

 
Biomechanical strength testing of right femurs and lumbar 
vertebrae was performed at the femur or lumbar vertebrae midpoint 
and femur or lumbar vertebrae neck as previously described (Ward 
and Fonseca, 2007). Femurs or lumbar vertebrae were soaked in 
physiological saline (9 g NaCl/L) for 4 h at room temperature prior 
to testing. Three-point bending at the femur or lumbar vertebrae 
midpoint and femur or lumbar vertebrae neck fracture was 
performed using a materials testing system and a specialized 
software program. 
 
 
Statistical analyses 
 
Data obtained were expressed as mean ± SD (n = 8). The 
significance of differences between groups were determined by 
unpaired student t test using the InStat Statistical software 
(GraphPad Software Inc, San Diego, Calif). Differences with P < 
0.05 were considered statistically significant. 
 
 
RESULTS 
 
Compared with normal control rats, blood ALP and IL-6 
levels in model control rats were markedly increased. 
There was a significant increase in the plasma ALP and 
IL-6 levels when the MOP was administered to rats (Table 
1).  

When compared with the normal control rats, femur and 
lumbar vertebrae density in model control group were 
significantly reduced. The MOP treatment for 3 months 
showed that femur and lumbar vertebrae density were 
significantly lower in the MOP-treated groups than those 
in model control group. Moreover, the levels increased 
with increasing dose of MOP (Figure 1).  

Compared with normal control rats, maximum load (N) 
of femur and lumbar vertebrae in model control rats was 
markedly decreased. Three months after MOP (200 and 
400 mg/kg body weight) was orally administered to rats, 
the maximum load (N) of femur and lumbar vertebrae 
was significantly enhanced in a dose-dependent manner, 
as shown in Figure 2.  
 
 
DISCUSSION 
 
M. officinalis have been widely used for thousands of 
years to treat fractures and joint diseases. The theory of 
Chinese medicine is to restore balances at all effective 
levels. Although the herbal medicines are considered as 
a cost-effective alternative by their traditional users, their 
international  acceptance  as  an  alternative   therapeutic  
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Table 1. Effect of Morinda officinalis polysaccharides on blood ALP and IL-6 level. 
 

Group  ALP (U/L) IL-6 (pg/ml) 

NC 146.33±7.31 19.78±1.09 

MC 199.36±8.04 b 31.47±2.05 b 

MOP I 180.84±8.34 d 26.04±1.35 c 

MOP II 156.31±7.93 d 20.32±1.47 d 
 

b p<0.05, compared with group NC; c p<0.05, d p<0.01, compared with group MC. 
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Figure 1. Effect of Morinda officinalis polysaccharides on femur and lumbar 
vertebrae density (g/cm

2
). b p<0.05, compared with group NC; d p<0.05, 

compared with group MC. 
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Figure 2. Effect of Morinda officinalis polysaccharides on maximum load 
(N) of femur and lumbar vertebrae. b p<0.05, compared with group NC; d 
p<0.01, compared with group MC. 

  



 
 
regime for prevention and treatment of osteoporosis will 
require extensive research  using modern  science  (Thoo 
et al., 2010). 

The reduction of bone mass and predicted bone 
strength in aged rats was demonstrated in our study. The 
age-induced increase in bone resorption was confirmed 
by the increase in the serum level of ALP and IL-6. 
Alkaline phosphatase (ALP, ALKP) is a hydrolase enzyme 
responsible for removing phosphate groups from many 
types of molecules, including nucleotides, proteins, and 
alkaloids. The normal range is 20 to 140 IU/L (Trumble et al., 

2008).http://en.wikipedia.org/wiki/Alkaline_phosphatase 

High ALP levels can show that the bile ducts are blocked 
(Osathanon et al., 2009). Levels are significantly higher in 
children and pregnant women. Also, elevated ALP 
indicates that there could be active bone formation 
occurring as ALP is a by product of osteoblast activity 
(such as the case in Paget's disease of bone) (Withold et 
al., 1994). Our study revealed that aging appeared to 
stimulate the process of osteoclastogenesis in rats like 
increased serum level of ALP and IL-6. MOP treatment 
significantly reduced serum level of ALP and IL-6 in rats 
fed with MOP. 

The significant weight increase in aged rats has been 
reported in other experimental studies. These have noted 
the increase in body weight as a mechanism to provide 
an additional stimulus for bone neoformation, serving as 
a partial protection against the osteopenia which occurs 
in long bones due to supporting the body weight (Kalu, 
1991; Notomi et al., 2003). In the present study, our work 
confirmed that aging can reduce bone density and bone 
strength, which was in agreement with above-mentioned 
reports. Moreover, we demonstrated for the first time that 
the M. officinalis polysaccharides prevent the reduction of 
bone mass and bone strength induced in aged rats.  
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