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Introduction: Intervertebral disc (IVD) degeneration and 
associated spinal disorders are a leading source of morbidity, 
resulting in substantial pain and increased health care costs. 
According to the literature, approximately 90% of the 
population may develop lumbar disc degenerative changes by 
the age of 50 years.  
     The disc structure is composed of an outer anulus fibrosis, 
which is composed of interlacing lamellae of collagen. The 
anulus surrounds an inner gelatinous nucleus pulposus (NP). A 
central feature of NP degeneration is loss of tissue cellularity. It 
has been suggested that apoptosis may be an important event 
that contributes to the death of cells in the disc. Growth factors 
such as insulin like growth factor -1 (IGF-1) and TGF beta have 
been shown to stimulate chondrocytes and matrix synthesis in 
vitro as well as have been shown to be an inhibitor of apoptosis. 
The goal of this study was to show that administration of IGF-1 
or TGFB can inhibit apoptosis of the NP and reestablish 
cellularity. 
Material and Methods:  
Fabrication of Ceramics: Microcrystals of calcium phosphate 
were prepared by following standard laboratory protocols 
(Benghuzzi et al (1990).  The sintered material (500mg of TCP) 
was added to a total of 100 mg of an amino acid binder and 
served as  TCP control. Additional TCP amino acid capsules 
consisted containing IGF-1and TGFβ were prepared to release 5 
ng/growth factor per day for 10 days. 
Experimental Design: Experimental Design: Twenty-four 
Sprague Dawley rats were divided randomly into four equal 
groups.  Group I animals consisted of non-operated control rats, 
Group II animals received trauma to the L-5-L6 disc by poking 
with a 20 gauge needle to simulate an IVD model, followed by 
the placement of a TCP delivery device containing only 
antibiotics.  Group III and Group IV animals also received 
trauma to the L-5-L6 disc as well as a TCP delivery system 
containing antibiotics and IGF-1 or TGFβ.  The animals were 
evaluated weekly for 4 weeks postoperatively.  The body 
weights, organ weights and spines were harvested 4 weeks 
postoperatively following standard laboratory procedures. 
Light Microscopic Evaluation of Disc: Sections of spine were 
fixed in 10% neutral buffered formalin and will be decalcified 
using a standard decalcifying solution (VWR, Scientific) for 72 
hours.  The softened decalcified bone tissues was dehydrated 
through a series of graded alcohol.  This dehydrated tissue was 
processed through 2-propanol and paraffin and embedded in 
paraffin blocks.  Sections of 6 um will be obtained for each 
sample using a microtome (American Optical, NY). The 
sections will then be rehydrated through a series of xylene, 
alcohol and water, then stained with hematoxylin and eosin 
Histometric Analysis:  Utilization of Image Pro Software was 
the primary means of obtaining morphometric analysis of disc 
changes. After proper calibration of the software, images at 40X 
and 2X were obtained. A total a total of four discs per slide were 
examined for differences in area and width. Five measurements 
were made utilizing the Image Pro Software. A total of 80 
measurements were obtained and recorded per group. 
Statistics and Graphics: Descriptive statistics and analysis of 
variance were performed using Sigma Stat Software. 
Results and Discussion: Body Weights and Organ Weights:  
No differences were observed in the body weights of the treated 
animals when compared with control for the duration of the 
experiment.  S  

Morphological Evaluations of IVD:  At the end of 28 days the 
sham disc still showed evidence of trauma when compared to 
control nontraumatized discs (Figure 1b).  Discs of animals 
treated with IGF-1 and TGFβ showed a significant return toward 
normal morphology by the end of 28 days (Figure 1c-d). 

      
(a) Control     (b) Sham  (c)IGF-1 (d) TGFβ 
 
 
 
 
Nuclei/Area::TGF treatment showed chondrocyte numbers 
lower than control, but greater than sham (Figure 2) However, 
cells appeared larger and perhaps more active in the TGF group 
compared to the control and IGF-1 treatment groups (Figure 3).  
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 Previous studies have demonstrated that exogenous growth 
factors can regulate normal disc cell function in regards to 
increased cell proliferation and proteoglycan synthesis; however, 
the administration of short-lived growth factors resulted in 
inflammation in adjacent discs.   In our study there was no 
evidence of inflammation above or below the traumatized disc.  
Animals in group II (sham) showed evidence of disc degeneration 
anterior to the site of trauma, and the number of chondrocyte 
nuclei per area was significantly less than those found in the 
control untreated animals and in animals treated with TGFβ. 
Conclusion: TGF lessened the progression of disc degeneration 
since the numbers of chondrocyte nuclei were significantly higher 
in the group treated with TGF than in the trauma (sham) and IGF-
1 treated groups. 
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Figures 1a-d.  Photographic representation of histology of rat 
intervertebral disc.  Black arrow represents area of trauma 
still evident in the sham treated animals 28 days post surgery. 

Figure 2: Average 
nuclei per area for 
cells in the 
posterolateral, lateral 
and anterior views. 


