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ABSTRACT 

The global burden of wounds in clinical practice has necessitated inclusion of adjunct therapies in 

wound management. This study comparatively evaluated vitamin C as an adjunct therapy in 

surgical wound management using the dead space wound model. Twenty-four male white albino 

rats (mean weight of 271.33 ± 5.71 g) were assigned to 3 groups of 8 rats each and subjected to 

dead space wounding. Group 1 rats were post-surgically treated with vitamin C; Group 2 rats were 

pre-surgically treated with vitamin C before wounding while Group 3 rats (Control) received no 

vitamin C treatment. Vitamin C was administered at the dose of 200 mg/kg, IM for 5 consecutive 

days. All groups received routine post-operative care. On post-surgical day (PSD) 10, blood 

samples were collected from each rat and assayed for biochemical and haematological indices. 

Granulation tissue was harvested and evaluated for wound healing indices. The results showed 

significantly (p<0.05) improved liver and kidney functionality and haematological indices in the 

post-surgically treated group 1 rats, suggestive of improved homeostasis. Higher granulation tissue 

relative dry weight, lower percentage water content and wet to dry ratio in group 1 indicated that 

the group also had the best granulation tissue qualities. This was confirmed by the histopathology 

which revealed improved and more matured granulation tissue. These results showed that vitamin 

C administration post-surgery facilitated wound healing by enhancing granulation tissue qualities 

and haematological indices while maintaining the integrity and functionality of the liver and 

kidneys. 
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INTRODUCTION 

In surgical wound management, the use of 

adjunct therapies that support healing and 

promote homeostatic mechanisms is crucial. 

Vitamin C, a water-soluble antioxidant plays 

a pivotal role in collagen synthesis, 

antioxidant defense, angiogenesis and 

immune modulation (Naidu, 2003); all of 

which are essential for efficient wound 

healing. Additionally, it scavenges reactive 

oxygen species (ROS) generated during the 

inflammatory phase of wound healing, thus 

protecting cells from oxidative damage (Carr 

and Maggini, 2017). Deficiency in Vitamin C 

has been associated with delayed wound 

healing, fragile granulation tissue formation 

and impaired angiogenesis (Pullar et al., 

2017). Hence, adjunctive therapy using 

vitamin C to enhance tissue repair and 

minimize post-surgical complications have 

continued to attract research attention in both 

Human and Veterinary Medicine.  

The dead space wound healing model is a 

type of in vivo experimental study that 

assesses angiogenesis, collagen content, 

fibroblast proliferation and effectiveness of 

therapeutic agents on healing (Udupa, 2004). 

It allows for the study of the pathophysiology 

of wound healing, the effects of biomaterials 

and the dynamics of wound exudates. The 

model involves the creation of a dead space 

in experimental animals and implanting a 

sterile solid material upon which granulation 

tissue forms. The white albino rat (Rattus 

norvegicus) is widely used in this model due 

to its physiological similarity to humans, ease 

of handling and well-documented response to 

surgical interventions (Festing and Altman, 

2002). The model also provides an effective 

means of assessing how vitamin C influences 

the healing process post-surgically.  

A comparative evaluation of the effects of 

vitamin C could thus provide evidence to 

support its inclusion in postoperative 

therapeutic protocols, in both human and 

animal patients. 

 

MATERIALS AND METHODS 

Study area 

The study was carried out in the Department 

of Veterinary Surgery and Radiology, College 

of Veterinary Medicine, Michael Okpara 

University of Agriculture, Umudike. 

Experimental animals 

Twenty-four (24) male albino rats with a 

mean body weight of 271.33 ± 5.71 g were 

used for this study. They were housed 

individually in stainless steel cages under 

ambient conditions, acclimatized for one 

month, fed standard rat feed (Chikun® 

Finisher, Crown Flour Mills, Lagos, Nigeria) 

and provided water ad libitum. Ethical 

approval (MOUAU/CVM/REC/202537) was 

obtained from the University Ethics 

Committee. 

Experimental design 

The rats were randomly assigned to three (3) 

groups (n = 8). Group 1 rats were wounded 

and post-surgically treated with vitamin C 

(200 mg/kg, IM for 5 consecutive days); 

Group 2 rats were pre-surgically treated with 

vitamin C for five consecutive days before 

wounding day, while Group 3 rats were 

wounded with no vitamin C treatment. All 

the groups were given standard post-
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operative care with Procaine penicillin and 

Streptomycine (20 mg/kg IM) for 5 

consecutive days post-surgery. 

Dead space wound creation  

The left groin region of the rats was routinely 

prepared for surgery and the rats were 

sedated with Diazepam (5 mg/kg body wt., 

IM) and anaesthetized with Ketamine 

hydrochloride (40 mg/kg body wt., IM). 

A nick was made on the prepared area and 

dead space wound was created by implanting 

a sterilized polypropylene tube (2.5 cm 

length by 0.25 cm diameter) subcutaneously. 

The wound was sutured by placing two 

interrupted sutures with size 2/0 nylon suture 

material. The day of surgery was considered 

post-surgical day (PSD) 0. 

Data collection  

On PSD 10, blood samples were collected 

from each rat and used to assay for kidney 

and liver integrity, fibrinogen, albumin and 

haematology. Serum urea levels were 

determined by the enzymatic colorimetric 

method (Tietz, 1983) and serum creatinine by 

the Jaffe method (Henry, 1974). Serum 

aspartate aminotransferase (AST), alanine 

aminotransferase (ALT) activities (Reitman 

and Frankel, 1957) and serum alkaline 

phosphatase (ALP) activity (Kochmar and 

Moss, 1976) were determined. Also, serum 

total protein by the Biuret method (Tietz, 

1995) and serum bilirubin by the Jendrassik 

colorimetric method (Garber, 1981) were 

determined. Serum albumin levels were 

determined following the bromocresol green 

(BCG) dye-binding method (Doumas et al., 

1971). These tests were done using Randox® 

test kits (Randox Laboratories Ltd., UK) and 

TECO test kits (TECO Diagnostics®, 

U.S.A). 

The haematological parameters were 

determined using the automated haematology 

analyzer according to the methods by Bain et 

al., (2012) following the procedure outlined 

by the producer. 

Granulation tissue: The rats were euthanized 

using inhalation anaesthesia in a gas 

chamber, the implanted tubes were carefully 

removed and the granulation tissues formed 

on the tubes were harvested. The tissue was 

weighed, dried in an oven at 42°C for 16 h 

and reweighed to determine the dry weights. 

The relative dry weight was obtained by 

normalizing the dry weight against the body 

weight (Dry weight/body weight x 100). The 

percentage water content and wet to dry 

weight ratio were also calculated. 

Data Analysis 

The data obtained from this study were 

analyzed using IBM SPSS software® 

(Version 20) with one-way ANOVA used to 

compare results. The variant means were 

separated using the least significant 

difference (LSD) post hoc test. Significance 

was accepted at p < 0.05 and the results 

presented as mean ± standard error of means 

(SEM). 

 

RESULTS 

Kidney and liver functionality: The results 

of  the kidney and liver integrity (Table 1) 

showed significantly (p<0.05) lower levels of 

urea and creatinine in the postsurgical treated 

vitamin C but the mean values for the pre-

surgical treated group were more comparable 
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with the control. There were also 

significantly (p<0.05) lower AST and ALT 

levels in the post-surgical vitamin C group. 

The serum ALP, total protein and bilirubin 

levels were not significantly (p>0.05) 

different across the groups.  

 

TABLE I: Serum levels of kidney and liver integrity test parameters of vitamin C treated 

male white albino rats 

 

Fibrinogen: The fibrinogen level of the post-surgical vitamin C-treated group was significantly 

(p<0.05) lower than the control and the pre-surgical vitamin C-treated groups (Fig. I).  

 

 

Fig. I: Serum fibrinogen level of vitamin C treated male white albino rats 

 

Albumin: The serum albumin level (Fig. II) of both vitamin C-treated groups were comparable 

but significantly (p<0.05) higher than the control.  
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Fig. II: Serum albumin level of vitamin C treated male albino rats 

Haematology: The haematology results (Table II) showed that the PCV, Hb, and RBC levels of 

the post-surgical vitamin C group were significantly (p<0.05) higher than the control. With the 

pre-surgical vitamin C group, these indices did not vary significantly (p>0.05) with the control. 

The differential lymphocyte count of both vitamin C groups were significantly (p<0.05) higher 

than the control.  

 

TABLE II: Serum levels of haematological parameters of vitamin C treated male albino rats 

 

Granulation tissue relative dry weight: The relative dry weight of the post-surgical vitamin C 

group was higher than the control and pre-surgical groups, but not significantly (p>0.05) (Fig. III). 

 



Nigerian Veterinary Journal 47(1).2026  Unamba-Oparah et al 

 

 

Fig. III: Relative dry weight of granulation tissue of vitamin C treated male albino rats 

 

Granulation tissue water content: The percentage water content of the granulation tissues of the 

post-surgical vitamin C treated rats was lower than the control and the pre surgical vitamin C 

treated rats (Fig. IV), though not significantly (p>0.05). 

 

 

 

Fig. IV: Percentage water content of granulation tissue of vitamin C treated male albino rats 

 

 

 

Wet to dry ratio: The wet to dry ratio (Fig. V) of the post-surgical vitamin C group was lower 

than the control and the pre-surgical groups but the difference was not significant (p>0.05). 
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Fig. V: Wet-dry ratio of granulation tissue of vitamin C treated male albino rats 

 

Granulation tissue histopathology: There was greater blood vessels proliferation in the two 

Vitamin C - treated groups at day 10, particularly in the postsurgical treated, compared to the 

untreated control (Plate I). The blood vessels were also slightly more prominent, presenting more 

thicker-walled capillaries than thin-walled capillaries. The control group had more of the thin-

walled capillaries. The granulation tissue of the vitamin C treated groups also showed higher 

eosinophilia (pinkish- staining) than the control group. Plate II showed the connective tissue fibres 

in the post-surgical Vitamin C-treated group were arranged in bundles compared to the unorganised 

arrangement in the pre-treated and untreated control groups. 

 

 

 

 

Plate I: Granulation tissue photomicrograph at 10th day post-surgery showing newly formed blood 

vessels (arrowhead). The vasculature in the Vit. C -treated groups, especially the post-surgical, 
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were slightly more prominent with more thicker-walled capillaries (many of them engorged with 

blood). The untreated control had more thin-walled capillaries. Note the higher eosinophilia 

(pinkish) in the Vitamin C groups. [H&E x100] 

 

 

 

 

 

Plate II: Photomicrograph of 10th day post-surgical granulation tissue in male albino rats. The 

arrangement of the connective tissue fibres in the post-surgical Vit. C group are arranged in bundles 

compared to the unorganised pattern of the pre-treated and control. [H&E x400] 

 

DISCUSSION 

This study compared pre- and post-surgical 

vitamin C administration in albino rats using 

dead-space wound model. The lower serum 

urea and creatinine in the post-surgical 

vitamin C-treated group indicated improved 

renal function and reduced protein 

catabolism (Gounden et al., 2024). Lower 

mean values of AST and ALT in this group 

also reflects an amelioration of any 

pathophysiologic stress (Traber and Stevens, 

2011) particularly on the liver. Carr and 

Maggini (2017) reported that vitamin C 

boosts immunity, reduces reactive oxygen 

species and supports overall cellular health.  

Lower serum fibrinogen in both vitamin C 

groups, (lowest in post-surgical) is 

suggestive of shorter inflammatory phase and 

faster resolution of tissue injury in these 

groups. Fibrinogen, an acute‐phase protein, 

produced in the early stages of wound healing 

is converted to fibrin which provides 

temporary support for the formation of 

granulation tissue (Laurens et al., 2006). This 

anti-inflammatory action of Vitamin C is 

consistent with its antioxidant properties 

which will alleviate ROS-mediated tissue 

damage.  

Higher serum albumin as seen in the vitamin 

C-treated groups shows improved 
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granulation tissue quality in these groups, 

especially in the post-surgical group. Beyond 

being a nutritional marker and osmotic 

pressure modulator, albumin is a source of 

amino acids, especially glutamine and 

arginine, required for wound healing 

(Soedjana et al., 2021). Glutamine is a 

metabolic fuel for cell proliferation while 

arginine is required for collagen synthesis 

(Soedjana et al., 2021). Additionally, albumin 

has an anti-apoptotic activity, preventing the 

death of endothelial cells and allowing new 

vasculature to survive in granulation tissue 

(Zoellner, 2009).  

The improved red cell indices in the post-

surgical vitamin C group showed the positive 

effect of Vitamin C on blood profile. Higher 

packed cell volume suggests vitamin C 

effectively preserved red cell integrity and 

supported erythropoiesis. Vitamin C 

enhances iron absorption, protects 

erythrocytes from oxidative haemolysis and 

stimulates collagen synthesis, which all 

supports wound healing (Alberts et al., 

2025). The enhanced oxygen distribution by 

the apparently improved red cell capacity 

will be crucial in supplying energy, 

catalyzing reactive oxygen species, and as a 

signaling molecule in the composition and 

deposition of collagen (Xie et al., 2015).  

The immune-modulatory role of vitamin C 

was clearly reflected in the higher 

lymphocyte counts in the vitamin C-treated 

groups; a condition essential for healthy 

granulation tissue formation. This balanced 

immune response protects against infection 

and supports the proliferative phase of wound 

healing, where fibroblasts produce collagen 

leading to faster tissue repair (Carr and 

Maggini, 2017).  

Assessment of the granulation tissue showed 

best qualities in the post-surgical vitamin C-

treated rats, evidenced by higher relative dry 

weight, lower water content, and lower wet to 

dry ratio. Granulation tissue dry weight is a 

quantitative measurement of its cellular and 

extracellular matrix (ECM) components 

(Kular et al., 2014). Normalizing the 

granulation tissue dry weight to the somatic 

weight of the rat reflects the relative 

efficiency in production of collagen-rich 

tissue versus its fluid component. Lower 

relative water content and higher relative dry 

weight of the granulation tissue in the post-

surgically-treated rats, indicate a more 

mature granulation tissue formed (Eckle et 

al., 2007) by day 10 in this group. Improved 

fibroblast proliferation with enhanced 

collagen deposition, angiogenesis and 

extracellular matrix deposition are hallmarks 

of improved granulation tissue formation 

(Pullar et al., 2017). Vitamin C serves as a 

cofactor in collagen hydroxylation and 

stabilization of extracellular matrix 

(Lykkesfeldt and Michels (2014).  

The histomorphology of the granulation 

tissue further confirmed the improved and 

more matured granulation tissue in the 

postsurgical vitamin C group. It also showed 

greater eosinophilia and thicker-walled 

capillaries, in both vitamin C groups 

(especially in the post-treated); respectively 

indicative of maturity and advanced 

vasculature. The even most matured 

connective tissue is seen in the post-surgical 

vitamin C-treated group with fibres arranged 
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in bundles compared to the yet unorganised 

fibres of the pre-treated and control groups.  

 

CONCLUSION 

In conclusion, as a 5-day adjunct post-

operative therapy, vitamin C facilitated 

wound healing by enhancing granulation 

tissue qualities, improving haematological 

indices and maintaining the integrity and 

functionality of the liver and kidneys. 

Therefore, vitamin C should be 

recommended as part of post-operative 

surgical care. 
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