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INTRODUCTION

Bone is a highly specialized tissue of the skeletal system.
1 As 

is the case in other tissues, bone consolidation involves the 
continuous interaction between different cell types, mediated by 
intrinsic and extrinsic factors.

1-3 Successful bone consolidation 
depends on many of these factors. The local blood supply and 
the patient’s nutritional state are among the main factors that 
influence the behavior of the damaged tissue.

3,4
 Recent data 

suggest that vitamins A, C, D and E are important activators 
and mediators of tissue healing.

4

Vitamin C (or ascorbic acid) is a water-soluble vitamin and has 
several physiologic and pharmacological functions in the body 
of mammals. It is necessary for collagen formation, adequate 
functioning of the immune system, and as a tissue antioxidant.

4
 

During the proliferative phase of tissue healing, ascorbic acid is 
important for collagen synthesis in connective tissues due to its 
role of co-factor for prolinehydroxylase and lysinehydroxylase.

5 
In addition, it appears to be essential for normal bone formation 
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Objective: To investigate the role of ascorbic acid supplementa-
tion on bone healing after rat tibia fracture. Methods: Thirty male 
Wistar rats were randomly divided into Vitamin C (Group A) and 
sham (Group B) groups (15 rats each). Group A received 200 
mg intraperitoneally per kg per day of ascorbic acid and Group 
B was given saline 5 ml per kg per day intraperitoneally once a 
day. The animals were caged in pairs and allowed free access 
to tap water and a standard rodent chow ad libitum. Fractures 
were produced manually, they were not stabilized, and unpro-
tected weight-bearing was allowed. At two, four, and six weeks 
post-fracture, the rats in both groups were anesthetized and 
sacrificed by cervical dislocation. Callus tissue was dissected, 

due to its effect on osteoblast growth and differentiation and on 
alkaline phosphatase expression.

5-7 Moreover, vitamin C alone 
or combined with vitamin E decreases platelet aggregation, 
thus reducing the risk of injury of the vascular endothelium and 
venous thrombosis.

8

Although these studies have provided important subsidies 
in the definition of some functions of ascorbic acid in tissue 
healing, its interaction with bone regeneration has not been 
investigated at length.

9,10
 In previous studies on fracture con-

solidation in guinea pigs, groups that received supplemen-
tary vitamin C demonstrated faster bone repair than control 
groups. At the molecular level, it appears that high concen-
trations of Vitamin C increase type X collagen expression, 
thus accelerating the mineralization process of the fracture 
consolidation.

10,11

To elucidate the role of ascorbic acid supplementation in bone 
consolidation, its effect on osteogenesis was investigated in an 
experimental model of rat tibial fracture.

prepared, and analyzed histologically. Histomorphological
analysis was performed at six weeks post-fracture and the ex-
tent of fracture healing was determined using a five-point scale. 
Results: There were no histological and histomorphological 
differences between drug-treated animals and the sham in the 
three different stages studied. By six weeks post-fracture, the 
five animals of each group had a complete bone union. Con-
clusion: Under the studied conditions, intraperitoneal Vitamin C 
supplementation does not accelerate the fracture healing pro-
cess after experimental tibia fracture in rats. Level of evidence: 
Level 2, individual study with experimental design.
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METHODS

Thirty male mice Wistar rats (Rattus norvegicus albinus), with 
average body weight of 100g, were used in the experiment. 
The animals were randomly divided into “vitamin C” (Group 
A) and “sham” (Group B) groups, with 15 rats in each group. 
The animals were separated into pairs and put in cages, with 
water and standard feed ad libitum (Nuvilab CR-1, Nuvital 
Nutrientes, Brazil). The animal feed used did not contain 
vitamin C. Group A received daily intraperitoneal injections 
of 200mg/kg of ascorbic acid (Laboratório Teuto Brasileiro, 
Brazil). The dose of ascorbic acid was calculated with a ba-
sis on a study by Sarisözen et al.

9 Group B received daily 
intraperitoneal injections of 5ml/kg of sterile saline solution. 
The treatments were started on the day of the fracture and 
were interrupted one day before euthanasia.
The rats were anesthetized with ether and the fracture was 
produced manually in the middle third of the tibia using a 
three-point flexion technique.

2
 The fractures were not stabili-

zed, and weight bearing without immobilization was allowed 
as soon as the animals had recovered from the anesthesia. 
At two, four and six weeks after the fracture, the rats in both 
groups were anesthetized and euthanized by cervical dis-
placement. This method is recommended by the European 
Convention for the Protection of Vertebrate Animals Used for 
Experimental and Other Scientific Purposes.

12
 The fractured 

extremities were dislocated at knee level to facilitate the callus 
preparation. The bone callus was dissected and fixed in 10% 
paraformaldehyde for five days.
The histological analysis was performed by light microscopy. 
After fixation, the fragments were decalcified in 5% nitric acid 
for five days, dehydrated in ethanol and embedded in para-
ffin. Five-micrometer cross sections were prepared, placed on 
slides and stained with hematoxylin and eosin. This method 
was described by Bancroft and Cook and was used in other 
experiments.

2,13-16

The histomorphological analysis was carried out at the end 
of the experiment (six weeks after fracture). The callus of five 
rats from each group was studied randomly without knowing 
the treatment regime to which it had been submitted and the 
fracture consolidation stage was determined using a five-point 
scale proposed by Allen et al.

17
 (Table 1)

The Mann-Whitney test was used for comparison between 
groups with significance level α = 0.05.

Table 1. Fracture consolidation score – Grading system of Allen et al.17

Histomorphological evaluation Degree

Complete bone union 4

Incomplete bone union 3

Complete cartilage union 2

Incomplete cartilage union 1

Pseudoarthrosis 0

Source: Allen HL, Wase A, Bear WT. Acta OrthopScand, 1980.

RESULTS

The consolidation of fractures in both groups occurred in a 
manner similar to that described by Udupa and Prasad.18 We 
did not observe histological and histomorphological differences 
between the animals treated with the drug and those from the 
sham group throughout the three different stages used in the 
experiment (p> 0.05).
Two weeks after the fracture, the histological analysis showed 
mixed tissue callus characterized by small quantities of car-
tilaginous tissue and acid proteoglycans with newly formed 
endochondral and intramembranous bone in the connective 
tissue existing between the fractured bone extremities. Four 
weeks after the fracture, there was an extensive zone of prima-
ry bone neoformed by osteochondral and intramembranous 
ossification with few areas of hyaline cartilage (chondrogenic 
foci) detectable on the fringe of the callus. The periosteum 
was fully proliferative. Six weeks after the fracture, there was 
complete evidence of fracture consolidation. A large quanti-
ty of immature bone was noticed, with dense and irregular 
trabeculae. In the peripheral region, there were clear signs 
of remodeling of the external callus and the periosteum was 
relatively thin. According to the grading system of Allen et al.

17
, 

the five animals of each group had complete bone union in six 
weeks (Degree 4). The bone consolidation sequence in Group 
A is illustrated in Figure 1.

Figure 1. Photomicrography of tibial fracture of rats in Group A (Vitamin C) at 
two (A), four (B) and six (C) weeks. Note the progression of the tissue callus 
over the period of the collagen (A), osteogenic (B) and remodeling (C) pha-
ses, as described by Udupa and Prasad.18 Complete bone consolidation 
was detectable at six weeks after the fracture.

DISCUSSION

Vitamin C is important in the metabolism of several tissues of 
the body, especially in the formation of collagen fibers.

19 It was 
demonstrated that ascorbic acid promotes the synthesis of 
mature and normal collagen through the perfect maintenan-
ce of the activity of the enzymes lysyl hydroxylase and prolyl 
hydroxylase.

19,20
 In an intracellular environment these enzymes 

catalyze the hydroxylation of some lysine and proline residues 
in the collagen polypeptides, enabling the formation and sta-
bilization of the collagen triple helix.

19,21
 Franceschi et al.

22 de-
monstrated a specific sodium-dependent carrier for ascorbic 
acid in the plasmatic membrane of the osteoblast, thus indi-
cating a function of the nutrient as a Type I collagen synthesis 



12

stimulating agent for this cell population. Moreover, ascorbic 
acid stimulates the action of alkaline phosphatase and induces 
the osteoblastic differentiation of ST2 stromal cells in vitro.

23

Several clinical experiments prove the role of ascorbic acid in 
bone tissue formation. In younger populations, lack of vitamin 
C changes the formation of the bone matrix and cartilage re-
sorption, leading to bone fragility and growth plate fractures.

24 
It appears that activities of the chondrocytes and osteoblasts 
are hindered by the deficiency of ascorbic acid due to the buil-
dup of non-helical, nonhydroxylated procollagen in the wrinkled 
endoplasmic reticle.

5,25
 In fact, Ganta et al.

5 observed minera-
lization of irregular format with a randomly distributed layer of 
poorly formed osteoblasts on parietal bones of rat fetus treated 
with low doses of ascorbic acid. On the other hand, Braddock 
et al.

11 showed that treatment with ascorbic acid consists of an 
effective measure to improve skeletal ossification in diabetic rat 
fetuses, possibly via reduction of oxygen free radicals. Although 
the mechanism whereby reactive oxygen species affect the 
bone physiology remains unclear, it was demonstrated that 
oxygen free radicals are detrimental to fracture consolidation in 
rats.

26
 Furthermore, it seems that ascorbic acid plays a crucial 

role in homeostasis between osteoblasts and osteoclasts in 
terms of differentiation and activation, directly influencing the 
initial stages of bone repair.

27
 However, although Sarisözen et 

al.
9 and Yilmaz et al.

10
, using experimental models of fractu-

re in rats, have concluded that vitamin C accelerates fracture 
consolidation,as far as we know, no clinical or radiological be-
nefit in the bone metabolism was consistently described with 
a higher dose of vitamin C. In the current experience, supple-

mentary vitamin C in the diet did not alter bone repair in rat 
tibial fractures.
Unlike humans, other primates and guinea pigs, whose liver 
does not contain an enzymatic system that converts glucu-
ronic acid derived from glucose into ascorbic acid, rats can 
obtain sufficient vitamin C from standard rodent feed.

28-30 Rats 
exposed to a normal diet produce between 2.8mg and 13.9mg 
of vitamin C per day. In our model, all the animals received 
standard rodent feed ad libitum and were able to synthesize 
ascorbic acid normally from this diet. Bourne and MacKinnon31 
did not verify an improvement in the bone consolidation of rats 
with an adequate diet when vitamin C was injected subcuta-
neously. Pointillart et al.

32 demonstrated that ascorbic acid su-
pplementation did not positively influence bone mineral content 
and mineral absorption in growing pigs. Although Sarisözen et 
al.

9 and Yilmaz et al.
10 have not specified which type of feed 

was used in their investigations, it appears unlikely that rats 
receiving the same type of feed could benefit from vitamin C 
supplementation. Based on the vast literature about the benefits 
of vitamin C in the bone metabolism, we believe that ascorbic 
acid supplementation might be beneficial in the repair of frac-
tures in species that do not synthesize this nutrient. The use 
of rats does not appear appropriate for this investigation. We 
should conduct studies in more depth using animals that do 
not have the ability to produce vitamin C.
In short, the data presented here demonstrate that, in experi-
mental bilateral tibial diaphyseal fractures in rats, the intraperito-
neal supplementation of vitamin C does not change the fracture 
consolidation process.
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