
OR I G I N A L R E S E A R C H

Vitellaria paradoxa Nut Triterpene-Rich Extract

Ameliorates Symptoms of Inflammation on

Post-Traumatic Osteoarthritis in Obese Rats
This article was published in the following Dove Press journal:

Journal of Pain Research

Sabri Sudirman

Chun-Kai Chen

Bing-Ting Long

Heng-Wei Chang

David Tsou

Zwe-Ling Kong

Department of Food Science, National

Taiwan Ocean University, Keelung City

20224, Taiwan

Purpose: To investigate the ameliorative effects of Vitellaria paradoxa (VP) nut extract for

an anterior cruciate ligament transection with medial meniscectomy (ACLT+MMx)-induced

osteoarthritis (OA) in high-fat diet (HFD)-induced obese rats.

Methods: The rats were fed by HFD for 5 weeks before surgery-induced OA. Rats were treated

orally with three different doses of VP nut extract (111.6, 223.2, and 446.4 mg/kg) for 8 weeks.

Results: The VP nut triterpene-rich extract decreased the level of triglycerides and increased

high-density lipoprotein-cholesterol. The level of nitric oxide, interleukin (IL)-1β, IL-6, and

tumor necrosis factor-α decreased after treatment with VP nut triterpene-rich extract, espe-

cially in high-doses. The VP nut triterpene-rich extracts also alleviated swelling in the knee

OA, weight-bearing difference, and suppressed cartilage degradation.

Conclusion: The Vitellaria paradoxa nut triterpene-rich extract suppressed proinflammatory

mediators and attenuated the cartilage degradation and pain in osteoarthritis with an obesity

rat model. As such, Vitellaria paradoxa nut triterpene-rich extract can be used as an

alternative for osteoarthritis treatment.
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Introduction
Osteoarthritis (OA) is the most common form of arthritis disease and also known as

degenerative joint disease.1 It occurs due to several risk factors, such as age, sex,

injury or surgery, and overuse of joints.2 The role of articular cartilage in the body

includes slowing external impact and reducing the friction of the articular surface.3

However, with increasing age, physical activity and repeated external pressure and

stimulation will result in the gradual loss of articular cartilage proteoglycan and

articular cartilage damage,4,5 and finally, the cartilage gradually loses its elasticity

and the ability to repair it.6 Joint biomechanical properties change causing damage

to articular cartilage, subchondral bone, and synovial inflammation structural

damage, including remodeling, sclerosis, and bone spurs generation.7

The post-traumatic-induced OA models have been widely used for experimental

studies including either with medial meniscectomy, anterior cruciate ligament, or

both.8,9 Surgical-induced instability in the knee mimics joint injury in humans.10,11

Both pharmacological and non-pharmacological treatments have been used for OA

management.12 Oral analgesics or anti-inflammatory drugs seem to be useful for

alleviating OA symptoms. However, they do not seem effective for long-term

application and are also accompanied by some side effects such as an increased
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risk of gastrointestinal and cardiovascular diseases.13,14

According to these conditions, functional foods have

become an interesting thing to evaluate them as anti-

arthritis agents.

Vitellaria paradoxa nut extracts mainly consist of the

unsaponifiable material parts containing triterpene with

hydrocarbon and other minor compounds. Previous studies

reported that triterpene possesses anti-inflammatory, anti-

oxidation, anti-allergies, and antipruritic effects as well as

improved diabetic nephropathy.15–17 Documented studies

of triterpene have shown reduced inflammation in patients

with osteoarthritis, joint pain, cartilage disintegration and

bone loss.18 A previous study reported that in histological

evidence, the triterpene from shea nut extract attenuated

knee OA development in the standard-fed (normal) diet rat

model.8 Additionally, a recent study also reported that oral

supplementation of shea nut oil triterpene also reduced OA

symptoms and triglycerides level without changes in total

cholesterol, high-density lipoprotein-cholesterol, body

urea nitrogen, and aspartate transaminase in a normal

diet rat model.19 In this present study, we developed the

model under obesity conditions and observed the biochem-

ical properties, such as the proinflammatory cytokines,

lipid properties, and enzymatic antioxidant activities as

well as evaluating cartilage damage.

Obesity has positively correlated with knee osteoarthri-

tis, which will accelerate the deterioration of the knee

joint.20 Obesity affects osteoarthritis in joints as the weight

of the load increases, which leads to damage to the carti-

lage and metabolic factors such as adipokines.21 The adi-

pokines (ie, leptin and adiponectin) and proinflammatory

cytokines (ie, tumor necrosis factor-α, interleukin-1β, and

interleukin-6) were highly expressed in adipose tissues in

obesity conditions.22 As such, we hypothesized that triter-

pene from Vitellaria paradoxa also had ameliorative

effects on osteoarthritis symptoms in an obese rats

model. Therefore, this study aimed to investigate the ben-

eficial effects of triterpene-rich extract from Vitellaria

paradoxa nut on anterior cruciate ligament transection

and medial meniscectomy to induce osteoarthritis with

high-fat diet-induced obese rats.

Materials and Methods
Materials
The shea (Vitellaria paradoxa) nut extract (FlexNow Plus,

SheaFlex 75) was provided by Universal Integrated

Corporation (Taipei, Taiwan). The shea nut extract chemical

compounds have been analyzed by Cantox Health Sciences

International (Ontario, Canada). The major compounds of

this extract are composed of esterified triterpene alcohols and

sterols (5055%), diglycerides and triglycerides (40–55%),

followed by some minor compounds, such as cinnamic acid

and hydrogenated cinnamic acid (1–4%); kariten (1–3%);

free sterols, free triterpene alcohols, other minor components

(0–1%); and free fatty acids (0.05–0.20%). The standard

laboratory chow-fed diet (Laboratory Rodent Diet 5001)

was purchased from PMI Nutrition International, Inc.

(Brentwood, MO, USA). Lard was purchased from MP

Biomedicals (Cat. No. 902140, Santa Ana, CA, USA). The

plasma total cholesterol (TC) and triglyceride (TG) concen-

tration were detected through commercial kits (Randox, CO,

USA). The proinflammatory cytokines including tumor

necrosis factor (TNF)-α, interleukin (IL)-1β, and IL-6

were measured with commercial ELISA kits (R&D

Systems, MN, USA).

Animal Experiment
Forty-two Male Wistar rats (8 weeks old) were purchased

from the BioLASCO Taiwan Co., Ltd. (Yilan, Taiwan).

The rats were housed individually on a 12 hour dark/light

cycle. All of the procedures were carried out according to

the Animal Protection Act (Act/APC) and the

Experimental Animal Ethics Committee of the Council

of Agriculture (CoA) of the Executive Yuan, Taiwan.

The Institutional Animal Care and Use Committee

(IACUC Approval No. 104028) of the National Taiwan

Ocean University reviewed and approved all protocols.

Briefly, rats were fed with a standard chow-fed diet

(CFD) for a week to acclimatize. The control group

(seven rats per group, n = 7) were also fed with a chow-

fed diet, and 35 diet-induced obesity rats were placed on

the high-fat diet (HFD) for 5 weeks (Figure 1). The HFD

was composed of ~20% of fat in the total diet or ~40%

calories from fat by adding lard according to the previous

method. Whereas, the CFD was composed of ~5% of fat

or ~13.5% calories from fat.23

After a 5-week obesity induction phase, the anterior

cruciate ligament transection (ACLT) with medial menis-

cectomy (MMx) were performed to induce osteoarthritis

(OA). The Obese+OA groups were fed by daily oral

gavage with three different doses of VP triterpene-rich

extract (0.5VP, 111.6 mg/kg of body weight, 223.2 mg/

kg, and 446.4 mg/kg) according to the previous method.8

The rats were sacrificed after treatment for 8 weeks. The

rats were fasted for 12 hours before sacrifice. The rats
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were placed in an empty chamber and the CO2 was deliv-

ered to the chamber for euthanasia. The operated-knee

joints were fixed in 10% formalin for histopathological

examinations and grading according to OARSI osteoarthri-

tis cartilage histopathology assessment as reported from

the previous study.24 Briefly, Grade 0, Normal cartilage,

hyaline articular cartilage uninvolved with OA; Grade 1,

Threshold in cartilage for OA and characterized by the

retention of the articular cartilage surface layer; Grade 2,

Focal discontinuity of the cartilage superficial zone; Grade

3, The extension of matrix cracks into the mid zone to

form vertical fissures (clefts); Grade 4, Cartilage erosion;

Grade 5, Denudation, the complete erosion of the hyaline

cartilage to a level of mineralized cartilage or bone; and

Grade 6, Changes in the contour of the cartilage surface

(deformation).

Surgical-Induced Knee Osteoarthritis
Rats were anesthetized with Xylazine 13 mg/kg (Rompun,

Bayer, Pittsburgh, PA, USA) and Tiletamine-Zolazepam

20 mg/kg (Zoletil 50, Virbac Lab., Carros, France) were

injected intraperitoneally.25 For the OA models, after shav-

ing the hairs on their right knee, the right stifle joint was

approached through a medial parapatellar arthrotomy.

Then, the anterior cruciate ligament transection and

a partial medial meniscus were removed (ACLT+MMx).

Whereas sham surgery was conducted by entering the joint

via a lateral incision, spraying the joint with saline, and

closing the joint capsule without ACLT+MMx. After sur-

gery, the wound was washed with sterile saline and, both

capsule and skin were sutured using Vicryl 4–0 (Ethicon,

Edinburgh, UK) absorbable suture and monofilament 4–0

Nylon threads (Ethicon, Edinburgh, UK), respectively.

Intraperitoneal injection was performed twice a day for

3 days with Cefazolin (20 mg/kg) to prevent infection.

Weight-Bearing Difference and Knee

Width Measurement
Incapacitance tester for measuring pain behavior can be

observed in the animal joint pain. Under normal circum-

stances, the average weight of the rat hind limb will be

assigned; if one side has a knee injury, the limb on the

uninjured side will bear more weight. The rats were placed

in boxes on their feet and balance tested. The rats stood on

their hind legs while a bipedal balance tester measured the

weight distribution of the two hind legs, each measure-

ment time was 5 seconds, repeated 5 times for the mean

value. Hind limb weight distribution is expressed as the

difference between the weight of the ipsilateral and con-

tralateral limbs.26 Before the induction of obesity and

surgery, the difference in knee swelling t between the

operated-knee and unoperated-knee were measured by

electronic digital caliper every week until the end of the

experiment.27

Figure 1 The flowchart of surgical-induced osteoarthritis in an obesity rat model.

Abbreviations: CFD, chow-fed diet; HFD, high-fat diet; VP, Vitellaria paradoxa.
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Plasma Biochemical Analysis
Blood samples were collected by heparinized-syringe into

collection tubes and centrifuged at 1000× g at 4°C for 15

minutes to obtain the blood plasma. The plasma total choles-

terol, triglyceride, superoxide dismutase activities, and proin-

flammatory cytokines including the tumor necrosis factor-α,
interleukin (IL)-1β, and IL-6 were measured with commercial

ELISA kits. All the methods conducted by following the

manufacturer’s protocols. Reduced glutathione (GSH) level

was estimated by following the earlier method of Ellman.28

Briefly, the plasma (500 μL) were mixed with 10% trichlor-

oacetic acid (500 μL). The contents were mixed well for

complete precipitation of proteins and centrifuged at 20,000×

g for 5 minutes. An aliquot of clear supernatant (10 μL) was
taken and mixed with 85 μL of PBS. Ellman’s reagent (5 μL)
was added. After 5 minutes, the optical density was measured

at 412 nm against a blank. Whereas, nitric oxide (NO) release

was measured by using Griess reagent.29

Statistical Analysis
All the values were shown as the mean ± standard error of

the mean (SEM). To determine the significant (p < 0.05)

differences in all groups in all parameters we performed one-

way analyses of variance (ANOVA) with Duncan post hoc

test using SPSS software (v.22.0; IBM Corp., NY, USA).

Results
Effects of VP Nut Triterpene-Rich Extract

on Body Weight Compositions
At 5 weeks of age after purchasing from the BioLASCO

company, the mean weight of the high-fat diet group

was significantly higher than the control group (Figure 2).

After feeding with VP nut triterpene-rich extract, the results

showed that the body weight of the Sham group was higher

than the other groups. The amount of fatty tissues was also

significantly increased in the obesity groups. and it reduced

after feeding with VP nut triterpene-rich extract in the treated-

groups, however, the values were not significant when com-

pared to the untreated-group. This extract also did not cause

any effects on weight of heart, liver, kidney, and spleen

between the groups (Table 1).

Effects of VP Nut Triterpene-Rich Extract

on Plasma Biochemistry
By detecting the plasma lipid metabolism-related indicators,

we found that total cholesterol (TC) level was significantly

higher in the Sham and OA groups when compared to the

Control group (Table 2). However, after treatment with VP nut

triterpene-rich extract, the TC level of the VP-treated groups

was significantly lower than the OA group especially for the
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Figure 2 Effects of VP nut triterpene-rich extracts on body weight.

Notes: Data are shown as the mean ± SEM. Differences were considered significant at **p < 0.01 and ***p < 0.001 versus Control group.

Abbreviation: VP, Vitellaria paradoxa.
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high-dose of VP nut triterpene-rich extract group. High

levels of triglycerides (TG) were seen in the Sham and OA

groups, however, there was no significant difference after

treatment with VP nut triterpene-rich extract. Additionally,

VP-treated groups also significantly increased the high-

density lipoprotein-cholesterol (HDL-C) levels and there was

no change in low-density lipoprotein-cholesterol (LDL-C)

levels.

VP Nut Triterpene-Rich Extract

Downregulates Proinflammatory Cytokines
The proinflammatory cytokines, such as tumor necrosis fac-

tor (TNF)-α, interleukin (IL)-1β, and IL-6 were significantly
increased in the Sham and OA groups when compared to the

Control group (Figure 3A–C). After feeding with a high-dose

of VP nut triterpene-rich extracts, the proinflammatory cyto-

kines level was significantly decreased when compared to the

OA group. The TNF-α and IL-6 levels in the high-dose of VP
nut triterpene-rich extract groups also were significantly

decreased when compared to both Sham and OA groups.

VP Nut Triterpene-Rich Extract Enhances

Enzymatic Antioxidant Activity
The superoxide dismutase (SOD) and glutathione (GSH)

levels after being fed with VP nut triterpene-rich extract do

not show any significant differences when compared to the

OA group, however they do show higher activities (Table 3).

Additionally, lipid peroxidation (malondialdehyde, MDA)

results indicated that, feeding with VP nut extracts signifi-

cantly reduced the MDA value. It was confirmed that the

number of free radical production was significantly reduced

(Figure 4A). Our results also showed that nitric oxide (NO)

release after being fed with the triterpene-rich extract from

VP nut, was significantly lower than in the untreated-groups

(Sham and OA) (Figure 4B).

VPNut Triterpene-Rich Extract Suppresses

Knee Width and Weight-Bearing

Distribution
The Control and Sham groups did not induce knee swelling,

whereas, obesity with ACLT+MMx surgery-induced OA

group showed an increase in knee swelling (Figure 5A). On

the other hand, after feeding with triterpene-rich extract from

VP nut for 8 weeks, the knee swelling significantly reduced

when compared to the untreated osteoarthritis group. Further,

using an Incapacitance tester, we assessed the status of rat

knee pain and discomfort. The results showed that the hin-

dlimb weight-bearing alteration on the contralateral and the

ipsilateral limb of the untreated OA group was significantly

higher than triterpene-rich from VP nut-treated groups.

Table 1 Effects of VP Nut Triterpene-Rich Extracts on Organ and Fat Tissue Weight in OA Rats After Treatment for 8 Weeks

Organ Weight (% Body Weight) Control Sham OA VP0.5X VP1X VP2X

Heart 0.31±0.01a 0.30±0.01a 0.31±0.01a 0.33±0.01a 0.32±0.01a 0.31±0.01a

Liver 3.00±0.07a 2.88±0.10a 2.95±0.09a 2.98±0.11a 2.92±0.08a 2.90±0.08a

Spleen 0.18±0.008a 0.17±0.02a 0.17±0.01a 0.17±0.01a 0.17±0.01a 0.17±0.003a

Kidney 0.74±0.02a 0.69±0.02a 0.74±0.02a 0.70±0.02a 0.73±0.01a 0.70±0.02a

Abdominal fat 0.95±0.04b 2.36±0.22a 2.21±0.19a 2.12±0.17a 2.14±0.13a 2.15±0.18a

Epididymal fat 0.94±0.14b 2.29±0.23a 2.25±0.09a 2.19±0.07a 2.15±0.10a 2.11±0.12a

Notes: Data are shown as the mean ± SEM. The values with different letters in the same row (a and b) represent a significant difference (p < 0.05) as analyzed by Duncan’s

multiple range test.

Abbreviations: OA, osteoarthritis; VP, Vitellaria paradoxa.

Table 2 Effects of VP Triterpene-Rich Extracts on Plasma Total Cholesterol, Triglycerides, Low-Density Lipoprotein-Cholesterol, and

High-Density Lipoprotein-Cholesterol in OA Rats After Treatment for 8 Weeks

Plasma Lipid (mg/dL) Control Sham OA VP0.5X VP1X VP2X

TG 338.87±14.89b 383.98±14.11ab 443.10±12.06a 372.14±15.98ab 395.35±19.92ab 359.95±11.68b

TC 82.64±3.26b 95.29±8.49a 95.39±7.90a 88.55±11.94ab 88.38±13.54ab 88.97±11.21ab

LDL-C 14.79±0.30a 14.93±0.27a 15.63±0.31a 15.84±0.38a 15.41±0.49a 15.56±0.38a

HDL-C 54.92±0.99ab 49.19±1.64c 53.47±0.77bc 54.58±1.54bc 57.98±2.52ab 60.27±2.49a

Notes: Data are shown as the mean ± SEM. The values with different letters in the same row (a–c) represent a significant difference (p < 0.05) as analyzed by Duncan’s

multiple range test.

Abbreviations: HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; TC, total cholesterol; TG, triglycerides; OA, osteoarthritis; VP,

Vitellaria paradoxa.
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Whereas, the sham operation did not see any changes in hind

limb weight-bearing (Figure 5B).

Triterpene-Rich Extract Ameliorates

Knee-Joint Histopathology
The hematoxylin and eosin (H&E) and Safranin-O staining

confirmed that the Sham group was not involved with OA

(Grade 0, normal cartilage), whereas the untreated OA group

(OA) showed the superficial zone degradation and hypotrophy

(Grade 3) as shown in Figure 6A and B. The cartilage damage

was reduced to Grade 2 after treatment with VP nut triterpene-

rich extract especially in the high-dose (VP 2X) groups.

Discussion
A previous study reported that Vitellaria paradoxa (VP) nut

extract is composed of unsaponifiable matter and the major

compound consists of triterpene alcohol fractions, such as

lupeol, α-amyrin, β-amyrin, butyrospermol, and other triter-

pene alcohols.30 Additionally, gas-liquid chromatography

(GLC) also proved that shea nut extracts are composed of

triterpene alcohol fractions, such as α-amyrin, β-amyrin,

lupeol, and butyrospermol.31 According to a previous study,

the shea (Vitellaria paradoxa) nut oil triterpene attenuated

knee OA development in standard or normal diet rat model

based on the histological evidence.8 In this present study, we

used surgical-induced osteoarthritis in a high-fat diet-induced

obesity rat model, then treated the rats with triterpene-rich

extract from VP nut extract for 8 weeks. It has been reported

that obesity is associated with OA progression, especially on

knee OA due to increased body weight resulting in increased

joint loading. A previous study also reported that feeding

with HFD regulates the pain threshold by altered motor
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Figure 3 Effects of VP nut triterpene-rich extracts on (A) TNF-α, (B) IL-1β, and (C) IL-6 levels.

Notes: Data are shown as the mean ± SEM. The values with different letters (a–d) represent a significant (p < 0.05) difference as analyzed by Duncan’s multiple range test.

Abbreviations: IL, interleukin; OA, osteoarthritis; TNF, tumor necrosis factor; VP, Vitellaria paradoxa.

Table 3 Effects of VP Nut Triterpene-Rich Extract on Enzymatic Antioxidants Activity in OA Rats After Treatment for 8 Weeks

Antioxidant Properties Control Sham OA VP 0.5X VP 1X VP 2X

SOD (U/mL) 155.58±12.47a 149.74±7.41a 131.37±10.24a 138.75±4.91a 137.99±3.92a 140.40±6.37a

GSH (mg/dL) 0.22±0.006a 0.23±0.007a 0.22±0.006a 0.24±0.004a 0.25±0.008a 0.23±0.009a

Notes: The values with the same letters in the same row represent are not significantly different (p < 0.05)as analyzed by Duncan’s multiple range test.

Abbreviations: GSH, glutathione; OA, osteoarthritis; SOD, superoxide dismutase; VP, Vitellaria paradoxa.
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coordination in a mouse model.32 Although, there were

not any significant effects on the reduction of body weight,

body weight after treatment with VP nut triterpene-rich

extract was lower than the untreated OA group (Figure 2).

By reducing the body weight, it also reduced the mechanical

stress on the knee joint and became an alternative non-

pharmacological treatment to suppress OA development.33

Increasing the body weight in obesity condition is also

accompanied by increasing the fat tissues, such as abdom-

inal fat and epididymal adipose tissues (Table 1). As

shown in Table 2, feeding with HFD also significantly

increased the total cholesterol level. The untreated-OA

group also showed a significantly high level of triglyceride

when compared to the control group, whereas this was

not significant with the sham group. A cohort study

reported that serum triglyceride showed a significant

trend between the normal population and osteoarthritis.34

Additionally, high serum triglyceride also was observed in

OA patients when compared to non-OA.35

The adipokines, such as leptin and adiponectin as well

as proinflammatory cytokines, such as tumor necrosis factor

(TNF)-α, interleukin (IL)-1, and IL-6 were highly

expressed in adipose tissues in obesity conditions.22

Previous studies have also reported that feeding with a high-

fat diet increases the fat mass and also TNF-α, IL-6, leptin,

as well as adiponectin expression.36,37 These proinflamma-

tory cytokines have been reported to be associated with the

development of OA by induction with some degradation

enzymes including matrix metalloproteinases (MMPs),

such as MMP-1, MMP-3, and MMP-13 through activation
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of the nuclear factor (NF)-kβ signaling pathway.38,39 High

expression of TNF-α, IL-1β, and IL-6 showed on untreated

(Sham and OA) groups (Figure 3). Treatment with VP nut

triterpene-rich extracts successfully decreased the expres-

sion of these proinflammatory cytokines. According to this

condition, we hypothesized that triterpene-rich extract from

VP nut suppressed the expression of MMPs at the articular

surface and inhibited cartilage degeneration. A previous

study reported that triterpene from shea extracts was

shown to have anti-inflammatory properties by suppressing

NF-κB activation and also antioxidant activity.15

Additionally, triterpene-rich extract also decreased the TC

level, whereas the HDL-C level was increased. The ability

of triterpene to regulate lipid metabolism has been reported

by the previous study.40 This previous study reported that

the triterpene which is isolated from the stem bark of

Protorhus longifolia caused a significant lowering of the

levels of TC and LDL-C with an increase in HDL-C in

HFD-induced hyperlipidemia rats. A previous study also

showed that triterpene (Antcins) from Antrodia cinnamo-

mea possess an ability as an agonist for peroxisome prolif-

erator-activated receptor-α (PPAR-α). PPAR-α has been

used for treating dyslipidemia and metabolic disorders.41

A recent study reported that shea nut oil triterpene also

reduced HDL-C in the normal diet of rats.19

In this present study we also showed that triterpene-rich

extract from VP nut extract enhanced the enzymatic anti-

oxidant activities especially in superoxide dismutase (SOD)

activity when compared to the untreated osteoarthritis

group (Table 3). This extract also reduced oxidative stress

as indicated by lower lipid peroxidation and nitric oxide

release compared to the untreated OA group (Figure 4). The

lower activities of SOD and glutathione peroxidase (GPx)

showed in obesity compared to a healthy condition and was

accompanied by higher malondialdehyde (MDA, as a lipid

peroxidation marker) level.42–44 Additionally, high expres-

sion of nitric oxide (NO) showed in OA patients and as

a proinflammatory mediator, it positively correlated with

OA development.45

In many cases, osteoarthritis is accompanied by joint

swelling and pain.46 A previous study reported that sig-

nificant knee swelling was observed in ACLT with the

saline-treated group.27 In this present study, the untreated

OA group showed an increase in knee swelling and

Figure 6 Knee joint histopathology: (A) Hematoxylin and eosin (H&E) and (B) Safranin-O staining. The Safranin-O interpretation: Cartilage (orange to red), cytoplasm

(bluish or grey-green) and nuclei (black).

Abbreviations: OA, osteoarthritis; VP, Vitellaria paradoxa.
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imbalance of hind limb weight-bearing (Figure 5A and B).

After treatment with VP nut triterpene-rich extract espe-

cially in high-doses, both knee swelling and weight-

bearing were reduced. Pain is caused by weight-bearing

imbalance resulting in instability on their posture and

reduced mobility as well as their quality of life.46,47 In

the cartilage with OA, the signaling of proinflammatory

cytokines, such as TNF-α and IL-1β could induce the

expression of other inflammatory cytokines and various

chondrolytic mediators including prostaglandin (PG)-E2.

Additionally, in vitro study of various triterpenes, such as

taraxasterol and betulinic acid suppressed NF-κB activa-

tion and protected human chondrocytes by inhibiting

MMPs, NO, and PG-E2 production.
48,49

Under H&E and Safranin-O staining observation

(Figure 6), the Sham group not involved with OA is character-

ized by smooth cartilage surfaces, thematrix and chondrocytes

are organized into superficial, mid and deep zones (Grade 0,

normal cartilage).24 Whereas, the untreated-OA group

(Osteoarthritis group) showed OA progression by degradation

on the superficial zone and hypocellularity (Grade 3). It was

also accompanied by extension of matrix cracks into the mid

zone. Treatment with VP nut extract especially in high-dose

(VP 2X) successfully suppressed OA development with

a small number ofmatrix cracks extending completely through

the superficial zone (Grade 2). Grade 2 OAwas also charac-

terized by the focal discontinuity of the cartilage superficial

zone.24 A previous study reported that triterpene extract from

shea nut oil reduced the imbalanced weight-bearing and atte-

nuated knee OA development.8,19 Additionally, lupeol acetate

also showed the anti-arthritic effects on complete Freund’s

adjuvant (CFA)-induced arthritic rats.50

Overall, this present study showed the beneficial

effects of triterpene-rich extract from Vitellaria paradoxa

nut extract on surgically-induced OA with a high-fat diet-

induced obese rat model. In this study, we also found that

some measurements showed a similar ameliorative effect

on the level of expressions when treated with VP nut

extracts. Previous literature reported that in the case of

the search for an optimum concentration, one of the cri-

tical roles is the tolerance mechanism. The organism learns

slowly to decrease the distributing effect of the drug, when

it is repeatedly disturbed by a specific drug by opposing

the disturbance at the moment it occurs.51 Therefore, we

hypothesized that in some cases of measurements, a low-

dose of VP nut extract is the most suitable concentration to

regulate its expression, when the dose increases (high-

dose), the rats show a tolerance mechanism to VP nut

extract and provide similar effects between low- and high-

dose of VP nut extract.

Conclusion
Oral administration of a triterpene-rich extract from

Vitellaria paradoxa nut ameliorated some conditions in

post-traumatic-induced osteoarthritis in obese rats, such

as reduced body weight, total cholesterol, oxidative stress,

and suppressed proinflammatory cytokine expressions.

This extract also ameliorated joint swelling and pain.

Therefore, it also attenuated the cartilage degradation.

According to these findings, triterpene-rich extract from

Vitellaria paradoxa nut can be used as a supplement for

osteoarthritis improvement. This result also supported that

functional foods can be used as an alternative for osteoar-

thritis treatment.
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