Asian ] Biol Life Sci., 2026; 15(2):441-447.
https://ajbls.com

Research Article

Effect of Tetrahydrocurcumin and Gallic Acid on Tail
Tendon Collagen Contents and its Properties in Rats with

Streptozotocin Induced Diabetes

Pidaran Murugan'#, Sivalingam Gajendhini?

'Department of Biochemistry, Centre for Distance and Online Education, Bharathidasan University, Tiruchirappalli, Tamil Nadu, INDIA.
’Department of Biochemistry, Shool of Life Sciences, Bharathidasan University, Tiruchirappalli, Tamil Nadu, INDIA.

ABSTRACT

Background: Elevated blood sugar levels in diabetes result in significant glycation of collagen,
which forms cross-links that contribute to tissue stiffness, decreased joint flexibility, and vascular
issues. Although the buildup of advanced glycation end products harms tissues, research
indicates that certain marine collagen peptides or collagen hydrolysates could enhance insulin
sensitivity, decrease blood sugar levels, and mitigate oxidative stress. Materials and Methods:
Alterations in the structural and functional characteristics of collagen due to advanced glycation
may hold significance for the etiology of late-stage complications associated with diabetes. One
of the main reduction metabolites of curcumin, a well-known yellow food pigment from turmeric
with potent antibacterial, anti-inflammatory, and antioxidant qualities, is Tetrahydrocurcumin
(THC). Compared to curcumin, THC has comparable pharmacological activities and superior
solubility, stability, and bioavailability. Results: Due to its potent antioxidant and skin-whitening
properties, the market for colorless THC has grown significantly in recent years for use in
functional foods and cosmetics. 3,4,5-trihydroxybenzoic acid, another name for Gallic Acid (GA),
is a naturally occurring secondary metabolite that is frequently extracted from a variety of fruits,
plants, and nuts. GA's potent anti-inflammatory qualities have drawn more attention in recent
years. As evidenced by increased glycation, collagen-linked fluorescence, neutral salt collagen,
and decreased acid and pepsin solubility, diabetic rats had higher hydroxyproline and collagen
content as well as a higher degree of cross-linking. Conclusion: Collagen accumulation and
cross-linking were considerably decreased in diabetic rats given a combination of THC and GA for
45 days. In conclusion, streptozotocin treated diabetic rats’ collagen content and characteristics
improved when THC and GA were administered together. The combination effect of THC and GA
was better when compared with that of THC or GA alone.
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INTRODUCTION

Collagen serves as an essential structural protein within the
Extracellular Matrix (ECM) of almost all tissues impacted by
diabetes, such as the skin, blood vessels, kidneys, tendons,
and nerves. In the context of diabetes, hyperglycemia leads to
nonenzymatic glycation, a process in which glucose attaches
to collagen, resulting in the formation of Advanced Glycation
End Products (AGEs). These alterations lead to significant
cross-linking, which increases the stiffness of collagen, reduces
its solubility, and enhances its resistance to degradation, thereby
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playing a direct role in the development of diabetic complications
(Pari and Murugan, 2007a). In cases of experimental diabetes, the
content of collagen typically rises or at the very least, experiences
considerable remodeling accompanied by substantial alterations
in its properties, such as heightened glycation, increased
cross-linking, and augmented collagen-linked fluorescence. These
alterations are frequently linked to a reduction in the solubility of
collagen, especially in tissues such as the aorta, tail tendon, and
skin, because of the buildup of AGEs (Fujimori, 1989).

Increased glycation and collagen-linked fluorescence in the tail
tendons of diabetic rats are driven by long-term exposure to
high glucose levels, resulting in excessive AGEs accumulation.
This hyperglycemia leads to increased cross-linking, reducing
structural flexibility and contributing to collagen degradation
(Murugan, 2010). Collagen is the most abundant protein in
mammals, constituting approximately 25-30% of total body
protein and serving as a fundamental structural component of
connective tissue (Murugan and Maneemegalai, 2024).
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The interaction between the aldehyde group found in reducing
sugars and the amino group present in proteins, known as
nonenzymatic glycosylation, is a significant contributor to the
complications associated with diabetes and the aging process
(Monnier et al., 1986). Collagen serves as a vital element of the
ECM, significantly contributing to tissue repair and wound
healing by offering structural support, modulating inflammation,
and promoting tissue regeneration. In the proliferative and
maturation stages of wound healing, fibroblasts synthesize collagen
and deposit it at the wound site to close the injury and restore
the functionality of the tissue (Reddy and Enwemeka, 1996). The
nonenzymatic cross-linking of collagen by AGEs represents a
significant mechanism that contributes to arterial stiffness and
complications associated with diabetes. Hyperglycemia facilitates
the nonenzymatic Maillard reaction, leading to the formation
of AGEs (such as pentosidine and glucosepane) on collagen,
which in turn heightens tissue stiffness, diminishes enzymatic
degradation, and results in vascular and myocardial dysfunction
(Bucala and Cerami, 1992).

The management of diabetes without experiencing any side effects
remains a significant challenge for the medical system. Patients
are increasingly seeking natural products that exhibit antidiabetic
properties, as insulin and oral hypoglycemic medications often
come with undesirable side effects (Pari and Murugan, 2005).
Plants that demonstrate antidiabetic effects serve as valuable
resources for developing medications aimed at treating diabetes
mellitus. Phytochemicals extracted from plant sources are utilized
in the prevention and treatment of various conditions, including
cancer, heart disease, diabetes, and hypertension, among others
(Murugan and Pari, 2007a).

Tetrahydrocurcumin (THC) is a colorless, bioactive metabolite
of curcumin that is obtained from turmeric. It provides enhanced
stability, solubility in water, and bioavailability. Renowned for
its strong antioxidant, anti-inflammatory, and skin-brightening
effects, it is widely utilized in skincare products and functional
foods (Pari and Murugan, 2007b). THC demonstrates superior
effectiveness compared to curcumin in the management of
diabetes, the reduction of lipid peroxidation, and the protection
against photoaging induced by UVB exposure (Murugan and
Pari, 2006). It is commonly utilized in skincare for the purposes
of skin lightening and antiaging, attributed to its ability to inhibit
tyrosinase. Additionally, it serves as a dietary supplement aimed
at managing cardiovascular, metabolic, and neurodegenerative
disorders (Murugan and Pari, 2007b).

Gallic Acid (GA) is a naturally occurring phenolic acid present
in gallnuts, sumac, witch hazel, tea leaves, and oak bark. It serves
as a powerful antioxidant and anti-inflammatory substance, with
uses in pharmaceuticals, cosmetics, and ink manufacturing.
Recognized for its health advantages, it is frequently located
in nuts and berries (Samad, 2018). GA is a naturally occurring
phenolicacid known for its strong antioxidant, anti-inflammatory;,
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and antimicrobial characteristics. It finds extensive application
in the pharmaceutical industry for the potential treatment of
metabolic and cardiovascular disorders, serves as a natural
preservative in food products, is utilized in skincare formulations
to mitigate aging effects, and is also employed in industrial
sectors for the production of inks and dyes (Roberts et al., 2007).
GA demonstrates considerable promise in the management
of diabetes and its associated complications by lowering
hyperglycemia, improving insulin sensitivity, and addressing
oxidative stress. Research indicates that it enhances glucose
metabolism, safeguards pancreatic beta-cells and alleviates
diabetic complications such as nephropathy and cardiovascular
disease (Gajendhini and Murugan, 2025a). In our previous study,
we have demonstrated the antidiabetic combination effect of THC
and GA in STZ induced diabetic rats (Gajendhini and Murugan,
2025b; S and P, 2026). To the best of our knowledge, this study
represents the initial report regarding the combined effects of
THC and GA on the collagen content, as well as its physical and
chemical properties, in the tail tendon of rats with Streptozotocin
(STZ)-induced diabetes.

MATERIALS AND METHODS

Animals

Adult male albino Wistar rats, aged 8 weeks and weighing
between 180 and 220 g, were bred in the Central Animal House
of J] College of Arts and Science, Pudukkottai, India, which is
affiliated with Bharathidasan University, Tiruchirappalli, India.
All animal experiments received approval from the ethical
committee (JJC/BC/AH/002/2025) of JJ College of Arts and
Science and adhered to the guidelines set forth by the National
Institute of Nutrition, Indian Council of Medical Research,
Hyderabad, India. The rats were housed in polycarbonate
cages within a room that maintained a 12-hr day-night cycle, a
temperature of 24+2°C, and humidity levels ranging from 45 to
64%. Throughout the experimental duration, the animals were
provided with a balanced commercial diet from Hindustan Lever
Ltd., Mumbeai, India, along with access to water ad lib.

Drugs and chemicals

THC was given as a present by Sabinsa Corporation, which
is situated in the United States. GA was obtained from Sigma
Chemical Company, headquartered in St. Louis, United States.
All other chemicals and biochemicals were of analytic grade.

Induction of diabetes

Experimental animals received a freshly prepared solution of STZ
(55 mg/kg) in 0.1m citrate buffer, pH 4.5, through intraperitoneal
injection at a volume of 1 mL/kg. Control rats were administered
1 mL of citrate buffer as a vehicle. Blood glucose levels were
assessed 72 hr after the STZ administration. The rats that displayed
moderate diabetes, indicated by glycosuria and hyperglycemia
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(i.e., blood glucose levels between 200 and 300 mg/100 mL), were
chosen for the experiment.

Experimental design

In the experiment, a total of 30 rats were utilized, comprising
24 diabetic surviving rats and 6 normal rats. The body weight of
the animals was documented, and they were categorized into 5
groups, each consisting of 6 animals, as detailed below.

Group I. Normal rats. Group II: Diabetic control rats (Diabetes
was induced through intraperitoneal STZ injection at a dosage
of 55 mg/kg, pH 4.5 in a citrate buffer solution). Group III:
Diabetic rats treated with a combination of phytochemicals THC
(60 mg/kg body weight) and GA (15 mg/kg body weight) in an
aqueous solution, administered daily via an intragastric tube for
a duration of 7 weeks (S and P, 2026). Group IV: Diabetic rats
receiving THC (80 mg/kg body weight) in an aqueous solution
daily through an intragastric tube for 7 weeks (Murugan et al.,
2008). Group V: Diabetic rats administered GA (20 mg/kg body
weight) in an aqueous solution daily via an intragastric tube for
7 weeks (Yu et al., 2021).

After a period of seventh weeks, the animals were denied food
overnight and subsequently sacrificed through decapitation.
Blood was gathered in tubes that contained a mixture of potassium
oxalate and sodium fluoride for the purpose of estimating blood
glucose levels. Plasma was then separated for the assessment
of insulin. The tails of both normal and experimental rats were
excised and preserved in a frozen state at -80°C until required.

Analytic procedure
Estimation of blood glucose and plasma insulin

Blood glucose levels were measured colorimetrically utilizing
commercial diagnostic kits from Sigma Diagnostics (St. Louis,
United States) (I) Pvt. Ltd., Baroda, India (Lott and Turner,
1975). Plasma insulin was evaluated through an enzyme-linked
immunosorbent assay employing a Boehringer Mannheim kit
in conjunction with an ES300 Boehringer analyzer (Mannheim,
Germany).

Estimation of collagen content

The total collagen content in the tail tendon was assessed by
hydrolyzing the weighed tissues with 5 mL of 6 N HCl at 110°C
for 20 hr in sealed tubes. The hydrolyzed samples were then
evaporated to dryness using a boiling water bath. The resulting
residue was dissolved in water and adjusted to a known volume.
Subsequently, decolorization was performed using activated
charcoal, followed by filtration through Whatmann No.1 filter
paper. The filtrate obtained was analyzed for hydroxyproline. The
hydroxyproline content in the collagen samples was determined
using the method established by Woessner (1961).
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Extent of glycation

The extent of glycation was determined by the method described
by Rao and Pattabiraman (1989). In this method, 1.0 mL of
purified collagen (which contains 1.0 mg of collagen) was
combined with 3.0 mL of concentrated H SO,, vortexed, cooled
on ice, then mixed with 0.5 mL of 80% phenol, and allowed
to stand at room temperature for 30 min. The absorbance was
recorded at 485 nm, using glucose as the standard.

Collagen-linked fluorescence

Collagen-linked fluorescence was measured by the method of
(Murugan and Pari, 2007c). Approximately 3.0 mg of tissue was
finely chopped in phosphate-buffered saline and subjected to
centrifugation at 3,330 g for 10 min. The resulting pellet was rinsed
with distilled water, and the lipids were extracted using 5.0 mL of
chloroform: methanol (2:1, vol/vol) overnight. The samples were
rehydrated by adding 2.0 mL of methanol and 0.5 mL of distilled
water, followed by centrifugation at 3,330 g for 10 min. The pellet
was then washed twice with methanol, 3 times with distilled
water, and twice with 20 mm N-(2-hydroxyethyl) piperazine-N'-
(2-ethanesulfonic acid), pH 7.5, containing 0.12m CaCl,
(referred to as Buffer H), and stored overnight at 4°C in Buffer H.
Subsequently, the buffer was removed through centrifugation at
3,330 g for 10 min, and the pellet was resuspended in 3.5 mL of
Buffer H containing 120 units of Type VII collagenase. To inhibit
bacterial growth, 4 drops of toluene were added, and the material
was digested for 48 hr at 37°C. A blank sample containing
collagenase in Buffer H was also included. The digest underwent
centrifugation at 3,330 g for 30 min, and the clear supernatant,
which contained the digested collagen, was utilized for the
fluorescence assay. Fluorescence measurements were conducted
using a Hitachi (Tokyo, Japan) spectrofluorimeter (Hitachi)
against distilled water at 440 nm after excitation at 370 nm, with
corrections made for the collagenase blank.

Solubility pattern of tail tendon collagen

The solubility pattern of tail tendon collagen was determined as
described by Miller and Rhodes (1982).

Neutral salt-soluble collagen

The tail tendon tissue was finely minced and then homogenized
in a neutral salt solvent consisting of 10 volumes (1.0m NaCl,
50 mm Tris, pH 7.5) that included 20 mm EDTA and 2.0 mm
N-ethyl maleimide, followed by stirring for 24 hr. Subsequently,
the suspension underwent centrifugation at 35,000 g for 1 hr ata
temperature of 4°C, and the extraction process was repeated with
the resulting pellet. The supernatants were combined, and an
aliquot was taken for the hydroxyproline assay (Woessner, 1961).
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Acid-soluble collagen

The residue that was obtained was resuspended in 10 volumes
of 0.5m acetic acid and extracted for a duration of 24 hr with
continuous stirring. Following this, the mixture was subjected to
centrifugation. The pellet was then re-extracted using acetic acid,
the supernatants were combined, and a portion was utilized for
the measurement of hydroxyproline.

Pepsin-soluble collagen

The residue acquired following acid extraction was resuspended
in 0.5m acetic acid with 100 mg of pepsin per gram of wet tissue.
Digestion was performed for 24 hr, after which centrifugation
and re-extraction were conducted. Aliquots of the combined
supernatant were utilized for the measurement of hydroxyproline.

Statistical analysis

The analysis of variance was employed to evaluate the data for
different biochemical parameters, and Duncan multiple-range
test was utilized to compare the group means. A p-value of less
than 0.05 was deemed statistically significant (Duncan, 1957).

RESULTS

Blood glucose and plasma insulin

Table 1 presents the blood glucose levels and plasma insulin
concentrations across different experimental groups. The diabetic
control rats showed a significant increase in blood glucose and
leptin, along with a marked decrease in plasma insulin and
QUICKI levels. The oral administration of a combination of THC
and GA to diabetic rats effectively reversed the aforementioned
biochemical changes. In normal rats, the administration of
THC and GA had a considerable effect on blood glucose, leptin,
HOMA, QUICKI, and plasma insulin levels. The combination
therapy of THC and GA proved to be more effective than either
THC or GA administered alone.

Hydroxyproline, total collagen extent of glycation
and collagen-linked fluorescence

Table 2 illustrates the concentrations of hydroxyproline,
total collagen, the degree of glycation, and the intensity of
collagen-associated fluorescence in the tail tendons of both
normal and experimental rats. During the course of diabetes,
there was a notable increase in the levels of hydroxyproline and
total collagen. The administration of a combination of THC and
GA to diabetic rats resulted in a significant reduction in the levels
of hydroxyproline and collagen when compared to the diabetic
control group. Furthermore, elevated levels of glycation and
collagen fluorescence were noted in the tail tendons of diabetic
rats in contrast to the normal control rats. The combination
treatment of THC and GA also led to a significant decrease in
fluorescence intensity among diabetic rats. This combination
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of THC and GA demonstrates greater efficacy than treatments
involving THC or GA alone.

Pattern of collagen solubility

The levels of acid, pepsin and neutral soluble collagens of tail
tendon of control and diabetic rats are represented in Table 3.
Compared to normal control rats, diabetic rats exhibit reduced
levels of acid, pepsin, and neutral soluble collagen in their tail
tendons. Furthermore, the combined treatment of THC and GA
has restored the levels of these collagens. The administration of
THC in conjunction with GA proved to be more effective than
either THC or GA alone.

DISCUSSION

Collagen is the predominant structural protein found in the body,
constituting approximately 30% of the total protein content,
mainly located within the ECM. It plays a crucial role in providing
tensile strength, maintaining structural integrity, and ensuring
rigidity in connective tissues, including skin, tendons, ligaments,
and bone (Brown and Timpl, 1995). Oxidation reactions act as
a critical mechanism in the nonenzymatic glycation of collagen,
leading to the formation of cross-links and AGEs (Fu et al., 1992).

The cross-linking of collagen in the presence of air is influenced
by the concentration of glucose; however, it is suppressed
under antioxidative conditions, such as a nitrogen atmosphere
combined with transition metal chelators. Glycation could be a
necessary condition for glucose-induced cross-linking, although
it may not dictate the degree of cross-linking (Sajithlal et al.,
1999). The oxidation of glycated collagen, or glyoxidation, might
be the key element that leads to collagen cross-linking and the
associated complications observed in diabetes mellitus (Turk,
1997). In the present study, diabetes mellitus induced by STZ,
which is marked by hyperglycemia, resulted in a notable increase
in hydroxyproline levels and collagen content within the tail
tendon. The relationship between collagen concentration and
intracellular degradation is noteworthy, as it may play a role in
the regulation of collagen levels.

Golub, Greenwald, Zebrowski, and Ramamurthy (1978)
have noted that experimental diabetes results in heightened
degradation of newly formed collagen in tissues such as gingiva,
skin, and tendons. This phenomenon is driven by increased
activity of collagenolytic enzymes, which can result in swift
degradation of collagen, thereby contributing to a remodeling
processand, paradoxically, a dysfunctional buildup of cross-linked
collagen during the initial phases of diabetic connective-tissue
complications. The combination therapy involving THC and
GA in diabetic rats led to a notable reduction in total collagen
levels compared to untreated diabetic rats. This reduction can be
linked to the significant decline in blood glucose levels, which in
turn reduced nonenzymatic glycation and collagen deposition in
diabetic rats receiving THC and GA. The noted rise in the level of
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glycation within the tail tendon of diabetic rats can be primarily
attributed to the extended, elevated exposure of tissues to glucose
(hyperglycemia) characteristic of the diabetic condition (Meng et
al., 1996). They have additionally indicated that glucose plays a
direct role in the expedited cross-linking of collagen in diabetes.

In diabetic rats, tail tendon collagen shows decreased solubility
in neutral salt, acid, and pepsin due to increased cross-linking,
likely caused by AGEs. Elevated collagen-linked fluorescence
and increased shrinkage temperature indicate enhanced
collagen maturity and reduced enzymatic digestibility. Highly
cross-linked collagen exhibits reduced solubility in the
aforementioned solution, which can be indicated by a notable
rise in glucose-mediated cross-linking of collagen in the tail
tendons of diabetic rats. It is possible that the covalent interaction
between glucose and collagen is not the sole contributor to the

cross-linking observed in diabetes.

Lysyl oxidase is an amine oxidase that depends on copper and plays
avital role in the stabilization of collagen and elastin by facilitating
the oxidative deamination of lysine residues into reactive
aldehydes, specifically allysine. This enzyme, which operates
outside of cells, begins the process of covalent cross-linking, a
critical step for the formation, maturation, and tensile strength of
collagen fibrils (Smith-Mungo and Kagan, 1998). The heightened
cross-linking of collagen observed in diabetic rats may result

from the elevated activity of the enzyme lysyl oxidase. It has been
suggested that both free glucose and protein-glucose adduct
(Ahmed et al., 1986) undergo oxidation when trace amounts of
ions are present, leading to the generation of free radicals and
reactive carbonyls. These reactive oxygen species and carbonyls
could play a significant role in the increased cross-linking of
collagen. Elgawish, Glomb, Friedlander, and Monnier (1996)
have shown that hydrogen peroxide is directly implicated in the
glucose-induced cross-linking of collagen. Additionally, the metal
oxidation of protein-glucose adducts results in the formation of
fragmentation products such as 3-deoxyglucosone, which further
enhances the cross-linking process.

The suppression of collagen cross-linking in antioxidative
environments (such as a nitrogen atmosphere and the presence
of metal chelators) strongly suggests that oxidative processes are
crucial for cross-linking induced by glucose. Although glycation
(the initial Maillard reaction) takes place without the need for
oxygen, the later formation of fluorescent, irreversible collagen
cross-links depends on oxidative mechanisms (Aoki et al., 1992).
Malondialdehyde is a final product of lipid peroxidation that has
the ability to interact with the free amino groups of collagens,
thereby promoting cross-linking. Fu et al. (1996) noted that the
in vitro peroxidation of lipids, when proteins are present, leads to
the creation of glycoxidation products, specifically carboxymethyl
lysine.

Table 1: Effect of Tetrahydrocurcumin (THC) and Gallic Acid (GA) on hormone and glucose index parameters in normal and experimental animals.

Parameters Normal Diabetic control Diabetic + THC and Diabetic + THC Diabetic + GA
GA

Glucose 91.15+5.62° 289.72+5.75° 95.35+4.65 118.87+4.35¢ 122.55+4.65°¢

(mg/100 mL)

Leptin (ng/mL) 0.62+0.03* 1.99+0.03° 0.67+0.04* 0.85+0.03¢ 0.89+0.04¢

Insulin (pU/mL) 12.45+0.70? 3.99+0.27° 11.78+0.50* 9.57+0.49¢ 9.69+0.44¢

HOMA 11.36+1.25° 33.56+2.34° 12.45+1.47° 17.73+£1.52°¢ 17.81+1.40¢

QUICKI 1.63+0.15* 0.98+0.03° 1.59+0.12° 1.25+0.05°¢ 1.20£0.05¢

Values are expressed as Mean+SD for 6 rats. Statistical analysis of one-way ANOVA, post hoc followed by DMRT test using SPSS ver. 24. Mean values are within the
row followed by different letters, superscript (homogeneous subsets) is mentioned as statistically significant (p<0.05), while same letter was statistically nonsignificant
(p>0.05) from each other groups. Abbreviations: GA: Gallic Acid; THC: Tetrahydrocurcumin.

Table 2: Effect of Tetrahydrocurcumin (THC) and Gallic Acid (GA) on hydroxyproline, total collagen, extent of glycation and levels of fluorescence
measured in the tail tendon in normal and experimental rats.

Groups Hydroxyproline Total collagen Extent of glycation  Fluorescence
(mg/100 mg tissue) (mg/100 mg tissue) (Mg of glucose/mg  (AU/pmol
collagen) hydroxyproline)
Normal 9.15£0.55* 68.76+4.45° 11.68+0.65° 30.21+1.47¢
Diabetic control 16.87+0.84° 127.31+6.25° 25.47+1.25° 59.45+3.47°
Diabetic + THC and GA 8.95+0.53* 76.25+4.58* 12.55+0.55* 32.24+1.90°
Diabetic + THC 10.55£0.52¢ 89.45+£5.21°¢ 14.45%0.77¢ 40.22+2.41°¢
Diabetic + GA 10.89+0.55¢ 95.15+4.45¢ 14.78+1.14¢ 41.14+2.24¢

Values are expressed as Mean+SD for 6 rats. AU- arbitrary units. Statistical analysis of one-way ANOVA, post hoc followed by DMRT test using SPSS ver. 24. Mean
values are within the row followed by different letters, superscript (homogeneous subsets) are mentioned as statistically significant (p<0.05) while same letter was sta-
tistically nonsignificant (p>0.05) from each other groups. Abbreviations: GA: Gallic Acid; THC: Tetrahydrocurcumin.

Asian Journal of Biological and Life Sciences, Vol 15, Issue 2, May-Aug, 2026

445



Murugan and Gajendhini: Tetrahydrocurcumin and Gallic Acid on Diabetic Rat Tendon Collagen

Table 3: Effect of Tetrahydrocurcumin (THC) and Gallic Acid (GA) on neutral salt, acid and pepsin soluble collagen content (hydroxyprolone/100 mg
tissue) of tail tendon in normal and experimental rats.

Groups Neutral salt soluble
Collagen (png/100 mg)

Normal 155.35+8.52a

Diabetic control 75.65+4.47b

Diabetic + THC and GA 162.2149.42a

Diabetic + THC 135.75+9.31c¢

Diabetic + GA 125.2046.55¢

Acid soluble collagen Pepsin soluble collagen

(mg/100 mg) (mg/100 mg)
3.15+£0.25a 3.25+£0.20a
1.85+0.14b 1.65+0.08b
2.97+0.21a 3.07£0.19a
2.22+0.13¢ 2.64+0.14c
2.12+0.12c 2.55+0.13c

Values are expressed as mean+SD for 6 rats. Statistical analysis of one-way ANOVA, post hoc followed by DMRT test using SPSS ver. 24. Mean values are within the
row followed by different letters, superscript (homogeneous subsets) are mentioned as statistically significant (p<0.05) while same letter was statistically nonsignificant
(p>0.05) from each other groups. Abbreviations: GA: Gallic Acid; THC: Tetrahydrocurcumin.

The solubility patterns observed for collagen from the tail tendons
of diabetic rats’ combination treated with THC and GA indicate
that this treatment led to an increase in solubility in neutral,
acidic, and pepsin environments. This suggests a reduction in
cross-linking levels within the collagen of the treated groups.
The decrease in advanced glycation and collagen cross-linking
in diabetic rats treated with the combination of THC and GA
may be attributed to their antiperoxidative properties, as lipid
peroxidation products have been demonstrated to directly affect
collagen cross-linking and the formation of AGEs (Odetti et al.,
1994).

Diabetic rats demonstrate elevated collagen-linked fluorescence
in their tail tendons and various other tissues, indicating a
buildup of AGEs. This increased fluorescence, typically observed
with  365-370-nm and 416-440-nm
correlates with enhanced cross-linking, reduced solubility, and

excitation emission,
greater resistance to collagenase digestion, which signifies an
accelerated process of nonenzymatic browning (Monnier et al.,
1986). The fluorescence at 370/440 nm (with excitation at 370 nm
and emission at 440 nm) is widely acknowledged as a significant
marker for advanced Maillard reaction products and Advanced
Glycation End Products (AGEs). This specific wavelength pair is
employed to observe the later phases of the Maillard reaction-a
nonenzymatic browning process involving amino groups and
reducing sugars-before or during the development of brown-hued
melanoidins (Njoroge and Monnier, 1989).

In addition to cross-linking, the fluorescence associated
with collagen is modified by glycation. While the underlying
mechanisms remain unclear, a relationship has been
documented between the severity of diabetic complications and
collagen-linked fluorescence (Sajithlal et al., 1999). Likewise,
pentosidine demonstrates a strong correlation with the severity
of complications in patients with prolonged insulin-dependent
diabetes. Nevertheless, the role of fluorescent products in the
cross-linking of collagen remains ambiguous, as collagen-linked
fluorescence does not reliably correspond to the degree of

cross-linking (Brennan, 1989).

446

Fujimori (1989) illustrated that when collagen is incubated with
glucose, particularly in the presence of chemically produced
singlet oxygen, the formation of cross-linked products is
significantly expedited, leading to a greater accumulation of
blue-fluorescent materials. The research indicates that singlet
oxygen functions as a catalyst, linking the glycation process
glucosylation)  with
(glycoxidation) to facilitate collagen cross-linking.

(nonenzymatic enhanced oxidation

Odetti et al. (1994) conducted separate studies on
glycation-induced fluorescence and malondialdehyde-induced
that  the

malondialdehyde-induced fluorescence occurs at a slower pace

fluorescence,  discovering accumulation  of
compared to glycation-induced fluorescence. In our research,
we observed that collagen extracted from the tail tendons of
diabetic rats exhibited heightened fluorescence, likely attributable
to an increased formation of AGEs. This finding aligns with the
earlier report by Odetti et al. (1994). Furthermore, combination
treatment with THC and GA resulted in a reversal of fluorescence,
which may be linked to a reduction in AGEs formation, as

indicated by enhanced glycemic control.

CONCLUSION

Based on findings from research investigating the combined
effects of THC and GA in STZ diabetic rats, it is concluded that
these substances exert a beneficial therapeutic impact on collagen
metabolism.
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AU: Arbitrary Units; EDTA: Ethylenediaminetetraacetic acid;
NaCl: Sodium chloride; HCI: Hydrochloric acid.
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