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Abstract
Chia, Salvia hispanica L., a plant containing lipid-antioxidant, has been shown to be beneficial for prevention of risk factors 
of type 2 diabetes. The objectives of this study were to evaluate effects oral chia seed extract on wound healing properties 
including wound contraction and histopathological examination in a diabetic wound model. C57BL/6J mice were fed with 
standard and high-fat diet for 27 weeks. The mice were divided into 4 groups (n=6) as follows: a non-diabetic group (nor-
mal control group) and 3 diabetic groups (4% chia seed extract group, glipizide group, diabetic group). The percentage of 
wound contraction, histopathological score and morphology were compared for evaluating wound healing properties. On 
day 12 post-wounding, there were statistically significant differences (p <0.05) in the percentage of wound healing and 
histopathological score in the normal control, 4% chia seed extract, glipizide group, as compared to diabetic group (99.45 
± 0.865, 98.99 ± 1.948, 99.06 ± 0.779, 81.41 ± 10.759 and 10.50 ± 0.837, 10.00 ± 0.632, 9.92 ± 1.625, 3.83 ± 1.169, re-
spectively). The results of histopathological morphology showed consistent results with histopathological scores, in which 
collagen, fibroblast, epithelialization and neovascularization were dominant in granulation tissue of better scores. It may be 
concluded that chia seed extract was beneficial for diabetic wound healing in mice
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INTRODUCTION	

	 Diabetes mellitus which is an important chronic disease that is the 
cause of an abnormal metabolic rate. Type 2 diabetes affects many people 
worldwide. In 2011 it was reported that there were 366 million people with 
diabetes. It was considered that by 2030, the incidence would be likely to be as 
high as 552 million in the developing countries (Whiting et al., 2011). Diabetes 
is caused by lack of insulin and as a result, the cells in the body are unable to 
use sugar. Thus hyperglycemia is found in this disease as are abnormalities in 
various parts of the body such as kidney problems or neuropathy (Mogensen 
et al., 1983; Yagihashi et al., 2007). Additionally, much published research in 
humans and animals has reported delayed wound healing or chronic wounds 
correlated with diabetes patients. Diabetic patients are unable to respond with 
an adequate inflammation and they could be prone to sepsis and induction of 
limb amputation (Jeffcoate and Harding, 2003; Boulton et al., 2005). 
	 The diabetic mice model, C57BL/6J is a genetically inbred mouse 
strain in which type 2 diabetes can be easily induced with a high-fat diet. The 
mechanism of diet-induced obesity is similar to type 2 diabetes in humans. 
Moreover, obese mice explicitly presented diabetes with severe hyperglycemia 
after feeding for 6 months (Surwit et al., 1988). The most common high-fat diet 
is prepared to 60 percent of food energy from fat; 60% high-fat diet (commonly 
using fat from lard) (Collins et al., 2004). Furthermore, an oral glucose toler-
ance test (OGTT) for testing blood glucose levels is usually done by feeding 
glucose directly into the stomach. Oral glucose tolerance tests show significant 
glucose levels compared to when glucose is injected into the abdomen (Intra-
peritoneal glucose tolerance test; IPGTT) (Andrikopoulos et al., 2008).
	 Salvia hispanica L. (Lamiaceae) or Chia seed is a plant from South 
America (Ayerza, 1995; Orona-Tamayo et al., 2019). Research studies have 
found that chia seeds contain oil which is the main component comprising ap-
proximately 25-40 % of oil yield (Mohd Ali et al., 2012). Moreover, chia seeds 
are also a significant source of linolenic acid (around 50-57 %), and α-Lino-
lenic acid (approximately 17-26 %), as well as protein, dietary fiber, vitamins, 
important minerals such as calcium, phosphorus, magnesium and antioxidants 
(Bushway et al., 1981; Ayerza, 1995). Chia seed is also known as a functional 
food which contributes nutrition and bioactive compounds to humans and ani-
mals (Orona-Tamayo et al., 2019). Chia seed has been reported to possess other 
beneficial effects which are related to cardiovascular disease such as inflam-
matory factors (C-reactive protein), coagulation (fibrinogen, factor VIII, von 
Willebrand factor), fibrolytic factors (such as tPA), iron status and endothelial 
function (nitric oxide generation), and post-prandial glycemia (Vuksan et al., 
2010). Other positive effects associated with diabetes include controlling blood 
pressure, hyperglycemia, triglycerides (Guevara-Cruz et al., 2011; Toscano 
et al., 2014) and some publications might also indicate that it helps promote 
weight loss in diabetes (Toscano et al., 2015). Although many positive effects 
of chia seed on diabetic patients have been revealed, some effects on diabetic 
wound and the accelerating effect of wound healing still have not been proved. 
Here we present a high-fat diet mouse model for inducing diabetes mellitus 
and an excisional wound model in order to study wound healing properties of 
oral chia seed extract. Wound healing properties were also evaluated by using 
wound contraction and histopathological examination (histopathological score 
and morphology).
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MATERIALS and METHODS 

Seeds and solvent extraction
	 Chia seed products imported from Bolivia (Nathary®) were available in 
Thailand. For solvent extraction, chia seeds were milled by grinder (Minimex® 
CG2) and a Soxhlet extractor was used to extract bioactive compounds with 
n-hexane at 80 ºC for at least 8 hours by using the standard method of IUPAC. 
Solvent was removed from the extract by using a rotary vacuum evaporator 
(Buchi, Flawil, Switzerland) at 40 ºC under nitrogen stream. This purified ex-
tract was prepared to analyze total phenolic content, antioxidant activity as-
says, and fatty acid compositions in order to test active ingredients as a quality 
control before mixing with diets.

Total phenolic content, antioxidant activity assay, and fatty acid 
compositions of chia seed extract
	 The mixture for testing total phenolic content by the method of Single-
ton et al. (1965) was prepared from 20 µl chia seed extract and 100 µl Folin-Ci-
ocalteau reagent which were blended simultaneously and left for 1 min then 80 
µl of 7.5% sodium carbonate (w/v) added, mixed well, and allowed to stand 
for 30 min at room temperature. The absorbance was read at 760 nm against a 
blank using a spectrophotometer and compared to a standard gallic acid con-
centration chart. The results were reported as gallic acid equivalent (mg GAE / 
mg oil).
	 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay (Pri-
or et al., 2005) used 10 µl chia seed extract (1 mg/ml) and 190 µl of 0.1 mM 
2,2-diphenyl-1-picrylhydrazyl radical (DPPH) solution. The mixture was left 
in the dark for 30 minutes at room temperature. The absorbance was read at 
515 nm against the blank using a spectrophotometer and compared to a stand-
ard trolox concentration graph. Finally, the results were reported in terms of 
trolox equivalent antioxidant capacity (mg TEAC / mg oil).
	 Ferric reducing antioxidant power (FRAP) assays (Thaipong et al., 
2006) were prepared from 10 µl chia seed extract (1 mg/ml) and 190 µl FRAP 
reagent. The mixture was left in the dark for 15 minutes at room temperature. 
The absorbance was read at 593 nm against a blank using a spectrophotometer 
compared to a standard trolox concentration graph. The results were reported 
in terms of trolox equivalent antioxidant capacity (mg TEAC / mg oil).
	 ABTS [2,2′-azinobis- (3-ethylbenzothiazoline-6-sulfonic acid)] radical 
scavenging assay (Thaipong et al., 2006) used 10 µl chia seed extract (1 mg/
ml) and 190 µl of 7.0 mM ABTS cation radical reagent. The mixture was left in 
the dark for 15 minutes at room temperature. The absorbance was read at 734 
nm against the blank using a spectrophotometer and compared to a standard 
trolox concentration graph. The results were reported in terms of trolox equiv-
alent antioxidant capacity (mg TEAC / mg oil).
	 Fatty acid composition was determined using gas chromatography with 
a flame ionization detector (Ixtaina et al., 2011).
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Animal preparation and experimental design
	 Twenty-four Male B57BL/6J mice (20-25 g), at the age of 8-10 weeks, 
were purchased from Nomura Siam International Co., Ltd, Bangkok, Thailand. 
Animals were housed in individual cage in a temperature-controlled room with 
a 12-hour light/dark cycle. They were acclimated and allowed ad libitum to 
feed water and standard pellet diet for 1 week. After adaptation, all mice (n=24) 
were randomly divided into the four groups (a non-diabetic group and three di-
abetic groups) and each group (6 mice/group) was fed with different diets as 
specified above (Singh et al., 2014). Afterward, mice were precisely diagnosed 
with diabetes by using fasting plasma glucose, 2-hour plasma glucose (OGGT), 
and area under curve (AUC). Eventually, diabetic and non-diabetic mice were 
inflicted with skin wounds at 27 weeks, and were observed for wound contrac-
tion and macroscopic lesions for 12 days’ post-wounding (on day 0, 4, 6, 8, 10, 
and 12). On day 12, all wounds were surgically collected for preparation of the 
histopathological sections in order to evaluate histopathological score. Ethical 
approval was obtained from the Institutional Animal Care and Use Committee 
of Mahasarakham University (IACUC-MSU), Thailand (Ethics approval num-
ber: IACUC-MSU-028/2019) and complied with the guidelines of the National 
Research Council of Thailand.

Oral glucose tolerance test 
	 At 27 weeks of age, all C57BL/6J mice were tested to confirm diabetes 
before wounding. Mice were refrained from water and food for 6 hours be-
fore being tested. Blood samples for OGGT were collected from the tip of the 
tail by using an Accu-Check Performa Blood Glucose Meter at different time 
points. First of all, fasting plasma glucose (0 hour) was collected from blood 
before orally administrated glucose. After that, glucose was fed to mice at a 
dose of 2 g/kg using a feeding tube (18-gauge, 38 mm) and measured glucose 
levels at 30, 60, 90, and 120 min respectively (Andrikopoulos et al., 2008). All 
mice also were diagnosed as clear-cut diabetes with fasting blood glucose lev-
els of >180 mg/dl and 2-hour plasma glucose >240 mg/dl (OGGT) (Messier et 
al., 2007; Kim et al., 2009). Moreover, OGGT, graph of plasma glucose versus 
time (minutes), and area under curve of plasma glucose level (AUC-OGTT) 
calculated by trapezoidal rule were compared and there was a significant dif-
ference among groups by using ANOVA, followed by multiple comparison 
(Purves, 1992; Wang and Brubaker, 2002). 

Diets
	 Each group of mice was fed one of four diets as follows:- (1) normal 
control group, mice were fed with standard diet (SD) until the end of the exper-
iment (2) diabetes control group, mice were fed with high-fat diet (HFD) until 
the end of the experiment (3) chia seed extract group, mice were fed with high-
fat diet for 27 weeks and changed to chia seed extract diet (CSED) after the 
27 weeks of experiment (4) glipizide group, mice were fed with high-fat diet 
for 27 weeks and then glipizide (5 mg/kg) was fed together with high-fat diet 
for treatment of diabetes (Oza and Kulkarni, 2018). Commercial diet, CE-2 
(CLEA Japan, Tokyo, Japan), was fed as the standard diet, and Quick fat diet 
(CLEA Japan, Tokyo, Japan) was a specific diet for inducing diabetes mixed 
together with lard for preparation of 60% high-fat diet (consisting of 60% cal-
ories from fat) (Collins et al., 2004; Li et al., 2016). The composition of diets 
is shown in Table 1.
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Wound contraction
	 The full-thickness excision wound model was performed to evaluate 
wound closure as percentage and to observe macroscopic lesions. All mice skins 
were shaved by mini shaver, were scrubbed with povidone iodine (Betadine®) 
and 70% alcohol with aseptic technique. Mouse anesthesia used 10 mg/kg xyla-
zine and 50 mg/kg ketamine combination. Mice were unconscious at the surgical 
stage when circular wounds were created on the interscapular skin using a 6 
mm biopsy punch, and then allowed to heal normally. All wounds were cleaned 
every day by using normal saline, a sterile cotton bud, Tegaderm® (a transpar-
ent polyurethane dressing). Wound area measurement was observed by a digital 
camera (Nikon, Japan) and calculated by the AutoCAD software on days 0, 4, 
6, 8,10, and 12 (Koca et al., 2009). Wound contraction was calculated from the 
wound area which was healed as a percentage that had close using the modified 
formula (Greenhalgh et al., 1990) for this calculation as follows: contraction (%) 
= (wound area on day 0 - wound area on observed day)/wound area on day 0 x 
100.

Histopathological score
	 6 mm of all wound skin was surgically collected from each group at 12 
days post-wounding. Each wound specimen was fixed in 10% formalin. Wound 
blocks were embedded in paraffin, and were usually cut and mounted as 5 µm 
thin slides. Histological slides were stained with hematoxylin-eosin stain and 
Masson’s trichrome stain. The histological scoring was evaluated by two blind-
ed assessors according to the previous method by Greenhalgh et al. (1990) and 
ranged from 1 to 12 where 1-3, none to minimal cell accumulation, no granula-
tion tissue or epithelial travel; 4-6, thin, immature granulation that is dominated 
by inflammatory cells but has few fibroblasts, capillaries, or collagen deposition, 
minimal epithelial migration; 7-9, moderately thick granulation tissue, can range 
from being dominated by inflammatory cells to more fibroblasts and collagen 

Ingredients (g/100 g diet) SD HFD CSED
Protein 24.9 18.6 18.6
NFE (nitrogen-free extract) 51 35 35
Soybean oil 4.6 4 -
Lard - 31.8 31.8
Chia seed extract - - 4
Fiber 4.1 1.83 1.83
Crude ash 6.6 3.75 3.75
Humidity 8.9 5.1 5.1
Nutrient composition (%)
Energy from protein 28 14 14
Energy from carbohydrate 60 26 26
Energy from fat 12 60 60
Energy density (Kcal/g) 3.45 5.28 5.28

Table 1 The compositions of different diets.
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deposition, extensive neovascularization, epithelium can range from minimal to 
moderate migration; 10-12, thick, vascular granulation tissue dominated by fi-
broblasts and extensive collagen deposition, epithelium partially to completely 
covering the wound. Conventional hematoxylin and eosin (H&E) stain was used 
to differentiate histopathological change of wound healing such as, leukocyte 
and macrophage infiltration, neovascularization, epithelialization while Mas-
son’s trichrome (MT) stain made visible the key cells for wound healing such 
as keratin, collagen fiber and arrangement, adipocytes, hemoglobin, and muscle 
fiber.

Statistical analysis  
	 Data analysis was performed using IBM SPSS Statistics Version 22 
(IBM, Chicago, IL, USA). Data including wound contraction results and his-
topathological score results were presented as mean ± standard deviation. Ac-
cording to homogeneity of variance, groups of data were analyzed by one-way 
analysis of variance (ANOVA) or Welch's robust test of equality of means and 
then further multiple comparisons using Scheffe’s or Tamhane’s T2 for post 
hoc analysis. P-value with p < 0.05 considered as statistically significant.

RESULT

Total phenolic compound, antioxidant activity, and fatty acid 
compositions
	 The amount of total phenolic compounds in terms of gallic acid equiv-
alent and antioxidant activity in terms of trolox equivalent are given in Table 2.
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Table 2 Total phenolic compound, antioxidant activity assay, and fatty acid 
compositions of chia seed extract.

Chia seed extract compositions Chia seed extract
  Total phenolic compound (mg GAE/ mg oil) 0.16 ± 0.007
  DPPH assay (mg TEAC/ mg oil) 0.563 ± 0.045
  ABTS assay (mg TEAC/ mg oil) 1.621 ± 0.013
  FRAP assay (mg TEAC/ mg oil) 0.977 ± 0.035
Unsaturated fatty acid (g/100 g) 88.7954
  Alpha-Linolenic acid (C18:3n3) 62.0267
  Cis9, 12 Linoleic acid (C18:2n6) 19.8989
  Cis-9-Oleic  acid (C18:1n9c) 6.5175
  Palmitoleic acid (C16:1n7) 0.2378
  Erucic acid (C22:1n9) 0.0617
  Cis-11, 14-Eicosadienoic acid (C20:2) 0.0529
Saturated fatty acid (g/100 g) 11.2046
  Palmitic (C16:0) 7.2258
  Stearic (C18:0) 3.4312
  Arachidic (C20:0) 0.2898
  Lignoceric acid (C24:0) 0.0934
  Behenic acid (C22:0) 0.0767
  Pentadecanoic acid (C15:0) 0.0456

Oral glucose tolerance test and area under curve
	 Plasma glucose concentration during the oral glucose tolerance test (2 
g/kg) was determined at age 26 weeks of C57BL/6J mice before testing wound 
contraction, in order to separate normal plasma glucose mice of the control group 
from diabetic mice of treatment groups (Andrikopoulos et al., 2008). We found 
that there was a significant difference at each time point of the oral glucose toler-
ance test between standard diet group and high-fat diet groups. All high fat-diet 
mice had diabetes mellitus, confirmed by measured blood glucose levels of >180 
mg/dl and 2-hour plasma glucose of OGTT >240 mg/dl compared to standard 
diet feeding mice which had a normal fasting plasma glucose and 2-hour plasma 
glucose level as shown in figure 1 (Messier et al., 2007; Kim et al., 2009). The 
area under curve was also calculated from oral glucose tolerance tests by using 
the trapezoidal rule. For clarity, there was a significant difference of the area un-
der the curve between standard diet group and high-fat diet groups, with standard 
diet feeding mice having a lower AUC than high-fat diet mice but AUC of high-
fat diet feeding was not significantly different as shown in figure 2.
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Figure 1 Oral glucose tolerance test (2 g/kg, 6-hour fasting) after 27 weeks 
of diet feeding in the four groups (* p <0.05).

Figure 2 Area under curve of oral glucose tolerance test was significant dif-
ference (p <0.05) in the four groups after 27 weeks of diet feeding. Grouping 
after post hoc test shown as a and b.



Vet Integr SciVet Integr Sci Pintapagung et al. Vet Integr Sci. 2020; 18(3): 153-171

Veterinary Integrative Sciences

161

Wound contraction
	 In the present study, wound contraction of full-thickness circular ex-
cisional wounds (6 mm in diameter) was compared in four different groups. 
In overall comparisons at the end of the experiment, it was seen that wounds 
healed more rapidly in the normal control group, non-diabetic mice fed only 
with standard diet; the 4% chia seed extract group, diabetic mice fed with high-
fat diet and 4% chia seed extract; glipizide group, diabetic mice fed with high-
fat-glipizide diet than in the diabetic group, diabetic mice fed with fed high-fat 
diet. The external appearances of wounds in normal control mice had a scab 
on the wound surface that fell off by day 8 compared to day 10 in both 4% 
chia seed extract group and glipizide-fed mice, while in diabetes mellitus mice 
(untreated groups), the wound was not closed on day 12 and was covered with 
a scab and crust as shown in figure 3. At 12 days post-wounding, the diabe-
tes mellitus group, which was not given any medication, showed a significant 
delay (p <0.05) in wound contraction over the period of observation as com-
pared to other groups including the normal control group, 4% chia seed extract 
group, and glipizide group as shown in Table 3 and figure 4.

Figure 3 Macroscopic appearance of excision wound model in B57BL/6J mice of different 
groups from day 0 to 12 post-wounding.
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Figure 4 Contraction rate (%) of excisional diabetic wound model from 0 to 
12 days post-wounding in normal control, 4% CSE, glipizide and DM group 
(* p <0.05).

Table 3 Effect of chia seed extract on wound contraction (%, mean ± standard deviation) on excisional wound 
model in mice.

Group
Wound contraction (%), mean ± SD

Day 0 Day 4* Day 6* Day 8* Day 10* Day 12*

Normal 0.00 ± 0.00 44.96c ± 9.70 80.24a ± 7.98 93.95a ± 3.71 97.11a ± 2.44 99.45a ± 0.87

4% CSE 0.00 ± 0.00 36.54bc ± 15.40 69.35b ± 18.87 84.06b ± 14.72 92.27b ± 8.42 98.99b ± 1.95

Glipizide 0.00 ± 0.00 19.83ab ± 7.58 60.23b ± 11.42 78.63b ± 6.39 91.01b ± 3.57 99.06b ± 0.78

DM 0.00 ± 0.00 6.05a ± 6.96 44.47b ± 17.85 56.87b ± 15.96 73.61b ± 12.96 81.41b ± 10.76

* p <0.05, grouping after post hoc test using a, b, or c
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Histopathological score
	 Microscopic appearance in the normal control group, 4% chia seed ex-
tract group, and glipizide group were relatively similar and achieved better 
results than in the diabetes mellitus group as follows: numerous fibroblasts, 
presenting neovascularization and granulations, extensive collagen deposi-
tion (green colour, Masson’s trichrome stain), epithelium completely covering 
the wound; however, microscopic appearances in the diabetes mellitus group 
shown moderate inflammatory cells dominating between the dermal-epidermal 
junction and dermal area, a lack of re-epithelialization, less neovascularization, 
few fibroblasts with a small number of thin collagen fibers, a large number of 
adipose cells as shown in figure 5. Wound healing of biopsy wounds harvested 
on day 12 was assessed using histopathological score and microscopic mor-
phology was evaluated for histopathological change. Histopathological scores 
showed that the normal control, 4% chia seed extract, and glipizide group had 
similar results and were able to improve wound healing as compared to diabe-
tes mellitus group (p <0.05, 10.50 ± 0.837, 10.00 ± 0.632, 9.92 ± 1.625 vs. 3.83 
± 1.169) as shown in figure 6.

Figure 5 Macroscopic appearance of excision wound model in B57BL/6J mice of different groups 
froHistopathological examination of diabetic wound model on 12 days post-wounding. Each 
group stained with hematoxylin-eosin and Masson’s trichrome stain shown as pink and green 
images respectively for evaluation of histopathological score and morphology (blood vessel, red 
arrow head; collagen, C; dermis, D; epidermis, E; fibroblast, black arrow head; hair follicle, H; 
inflammatory cell, IC;). All images shown as 100X with 100 µm scale bar.
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Figure 6 Histopathological score on 12 days post-wounding in normal con-
trol, 4% CSE, glipizide and DM group. Grouping after post hoc test shown 
as a and b.

DISCUSSSION

	 Wounds were cleaned, and mice were observed every day in the wound 
contraction study. After Anesthesia, mice were weak and had delayed recovery 
time because of metabolic diseases (obesity and diabetes). As a result, pho-
tographic images were not taken on day 2 post-wounding because restrain-
ing for taking photographs made them stressful or killed them. Mice also ate 
and drank normally after full recovery on first day and became normal physi-
cal status after day 2 post-wounding. We started taking photographs on day 4 
post-wounding according to Thangavel et al. (2017).
	 Effective of dose (oral administration) of this plant was not published 
in a previous study of wound healing. However, in a previous metabolic study, 
there was a safe concentration (4% w/w) which was used for treatment of met-
abolic conditions in mice so 4 % w/w chia seed extract was prepared at this 
concentration for treatment in this study (Marineli et al., 2015). Hyperglycemia 
in diabetic patients may cause infection (leukocyte dysfunction and decreased 
phagocytosis), and atherosclerosis resulting in impaired wound healing (Chait 
and Bornfeldt, 2009; Pettersson et al., 2011). Moreover, endothelial dysfunc-
tion (damaged vessels) was seen in delayed wound healing, which were dam-
aged by hyperglycemia-induced reactive oxygen species (ROS) and conse-
quent oxidative stress (Koya et al., 2003; Patel et al., 2013). As mentioned 
above, hyperglycemia was a cause of many diabetic complications including 
wound healing. As a result, glipizide was used in this study for bringing blood 
glucose levels back to normal range, and helped wound healing return to nor-
mal. Antidiabetic drug (glipizide) was used as oral medication in the positive 



Vet Integr SciVet Integr Sci Pintapagung et al. Vet Integr Sci. 2020; 18(3): 153-171

Veterinary Integrative Sciences

165

control group, and also had beneficial effect on the glucose control by reducing 
blood glucose levels in diabetic mice according to the previous study of Singh 
et al. (2014). The optimum dosage of glipizide was recommended at 5 mg/kg, 
once daily for diabetic treatment (Oza and Kulkarni, 2018). The negative con-
trol group (DM group) was used to reveal diabetic wound healing which was 
delayed in wound contraction while better wound healing results were found 
in normal control group, 4% CSE group, and glipizide group. The normal con-
trol group in this study not only was used to compare wound healing between 
non-diabetic and diabetic mice, but also was used to check experimental error 
which directly affected wound healing results. Experimental design and group-
ing in this study were used according to previous study (Singh et al., 2014). 
Even though high-fat diet was used to induce hyperglycemia, insulin resistance 
and to increase body fat consumption in the short-period range, the 27-week 
high-fat diet of the long-term experiment was designed to test diabetic wounds 
which was similar to the cause of diabetes type 2 in humans. Impaired wound 
healing may be caused by obesity or hyperglycemia especially in inflamma-
tion phase. In inflammation phase, interfered pro-inflammatory cytokines can 
cause chronic wounds or diabetic wounds (Pence and Woods, 2014; Ganz et 
al., 2015). Although blood glucose levels were not analyzed during the wound 
contraction experiment, diets in 3 groups of diabetic mice were prepared from 
a base mixture of high-fat-diet formula in order to maintain diabetes.
	 Chia seed extract comprised fatty acids and antioxidants. Different lo-
cations, harvesting of different growth stages, and extraction methods of chia 
seed affected bioactive compound levels (Ayerza, 1995; Peiretti and Gai; 2009; 
Ixtaina et al., 2010). For confirming the presence of bioactive ingredients, ex-
tract of chia seed needs to be validated for its components or properties before 
testing in animals. The qualitative screening of antioxidants in chia seed ex-
tract was performed according to standard methods used in food and dietary 
supplements (Singleton and Rossi, 1965; Prior et al., 2005; Thaipong et al., 
2006), while fatty acids in this study were analyzed by gas chromatography 
(Ixtaina et al., 2011).
	 Statistical analysis in this research compared the mean among groups 
using ANOVA or Welch test in the oral glucose tolerance test (OGTT), area 
under curve of oral glucose tolerance test (AUC-OGTT), rate of wound con-
traction (%), and histopathological score. ANOVA with Scheffe’s test was used 
in the oral glucose tolerance test (0, 30 and 60 minutes), the percentages of 
wound contraction (day 4 and 6) while Welch test with Tamhane’s T2 post 
hoc test was used in the area under curve of plasma glucose level, oral glucose 
tolerance tests (90 and 120 minutes), and the percentage of wound contraction 
(day 8, 10, and 12).
	 The effectiveness of wound healing was assessed by the degree of 
wound contraction and histopathological score. It was found that there was no 
difference in wound contraction and histopathological score of wound healing 
in mice among three different groups namely, the normal control group, 4% chia 
seed extract group, and glipizide group. Furthermore, microscopic appearances 
of wounds in these groups were examined in correlation with histopathological 
score. Nevertheless, diabetic mice showed impaired wound healing as well as 
chronic wounds. Apart from hyperglycemia-induced impaired wound healing, 
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there were many physiological factors in diabetes which interfered with many 
stages of wound healing. In the inflammation phase, diabetic ulcer patients ex-
perience delayed wound healing which were caused by the absence of growth 
factors such as platelet-derived growth factor (PDGF), epidermal growth fac-
tor (EGF), and insulin-like growth factor (IGF-I). These growth factors helped 
in the mitogenic response of fibroblasts in late inflammation and proliferative 
phase (Loots et al., 2002). Another common problem is that dysfunction of 
phagocytosis (macrophage dysfunction) was prone to infection (Zykova et al., 
2000). In the normal proliferative phase, many cells collaborated with cytokines 
in many biological events of wound healing. However, the healing mechanism 
was interfered with diabetic patients. Several pathogenic abnormalities in this 
phase were as follows; decreasing collagen deposits; decreasing angiogenesis; 
decreasing epidermal nerves (Gibran et al., 2002; Falanga, 2005). In the re-
modeling phase, matrix metalloproteinases (MMPs) promoted physiological 
tissue turnover. Hyperglycemia-induced oxidative stress increased expression 
of MMPs, leading to microvascular complications (Koya et al., 2003; Stamen-
kovic, 2003; Signorelli et al., 2005). Chronic diabetic ulcers or wounds, which 
were caused by vasculopathy and neuropathy, are common problems in type 
2 diabetes. Financial problems were more likely to increase because of cost 
of treatment (Boulton et al., 2005; Dinh and Veves, 2005). Wound healing oc-
curred immediately after tissue injury, and involved many cells type and many 
growth factors collaborating in the four phases of wound healing (Brem and 
Tomic-Canic, 2007). As chia seed is functional food and contains many anti-in-
flammatory nutrients (alpha-linolenic acid, linoleic acid, and antioxidants), it 
is used orally in a murine model for treatment of metabolic disorders, resulting 
in decreasing plasma triglyceride and increasing high-density lipoprotein, and 
preventing insulin resistance (Ayerza and Coates, 2007; Chicco et al., 2008). In 
recent years, chia seed has also been reported to have promising antimicrobial 
activity on potential pathogenic and probiotic bacteria as a result of its antiox-
idants (Kobus-Cisowska et al., 2019). In addition, in oral administration, both 
alpha-linolenic acid and linoleic acid were able to accelerate wound healing 
by decreasing proinflammatory cytokines (interleukin-1, interleukin-6) in the 
inflammation phase of the wound healing process (Rodrigues et al., 2012). 
Another property is that antioxidants as well as flavonoids in chia seed play 
key roles in anti-free-radical properties and help in inflammatory skin disease 
including wound healing (Jeong et al., 2010; Scapin et al., 2016; Pintapagung 
and Asawapattanakul, 2020). These published properties and the results of the 
current study indicate that chia is a promising plant for helping to acceler-
ate wound healing by reducing inflammatory cells and increasing fibroblast 
with intensive collagen. Furthermore, chia seed used orally has been reported 
to have some properties which were useful in treating diabetes mellitus such 
as weight loss, reducing hyperglycemia, helping insulin resistance, helping in 
many cardiovascular and inflammatory diseases (Guevara-Cruz et al., 2011; 
Vuksan et al., 2017). However, there were no significant results describing in 
weight loss in a previous study, which should further validate this property 
(Nieman et al., 2009). Apart from mentioned properties, this study was also the 
first attempt to using chia seed orally in wound healing of diabetic mice.
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