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  Anti-inflammatory factor (AIF) is a water soluble extract of three herbs, Panax notoginseng (Burk.) 
F. H. Chen, Rehmannia glutinosa Libosch and Eleutherococcus senticosus. The present study aimed 
to investigate the safety and efficacy of herb extracts, AIF, on Korean knee osteoarthritis patients 
for six weeks. Fifty seven patients with knee osteoarthritis, ranging from 43 to 73 years of age, who 
fulfilled the “American College of Rheumatology” (ACR) classification of idiopathic osteoarthritis of 
knee and radiographic criteria were randomly selected and enrolled for the study. After initial screening 
and resting period, two capsules each of AIF (Each capsule contains; 400 mg) and similar identical 
placebo were administered twice a day to both groups. Pain intensity at second, fourth, and sixth weeks 
of study as well as one week after discontinuation of drugs was assessed by using 100 mm visual 
analogue scale (VAS). Changes in the Korean version of the Western Ontario and McMaster 
Universities (K-WOMAC) index score were compared at the initiation and completion of the study. 
VAS assessed by patients were significantly reduced (at visit 2; 54.64±14.72, at visit 4, 37.32±16.58, 
p＜0.001) after AIF administration. Results showed an improvement in the physical function of 
K-WOMAC scale which was significantly higher (p=0.013) in AIF than placebo group, and decreases 
of total K-WOMAC score were also significantly higher (p=0.030) in AIF groups than placebo group. 
No serious adverse effect was observed, and there was no difference in incidence of adverse effect 
between AIF and placebo groups. In this population of Korean patients with knee osteoarthritis, AIF 
was found to be safe, tolerable and effective for symptomatic improvement of pain and physical 
function.
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INTRODUCTION

  Osteoarthritis is a multifactorial disease with a high mor-
bidity rate that is characterized by degradation of matrix 
and destruction of articular cartilage (Martel-Pelletier et 
al., 2004). It is one of the most common musculoskeletal 
disorders and has a substantial economic effect. The preva-
lence of osteoarthritis increases with age, and it may affect 
as many as 68% of patients over the age of 65 years 
(Lawrence et al., 1998; Garstang and Stitik, 2006). 
  Management of osteoarthritis may be subdivided into 
non-pharmacological, pharmacological, and surgical forms, 
which must be tailored according to individual risk factors, 
and the severity of joint pain and deformity. Moreover, opti-
mal treatment often requires a combination of non-pharma-
cological and pharmacological modalities (Peat et al., 2001; 
Zhang et al., 2007).
  Of the medical therapies available, analgesics and 
non-steroidal anti-inflammatory drugs (NSAIDs) have been 
proven to be highly effective in controlling the symptoms 

and signs of osteoarthritis, however, they have potential 
gastrointestinal (GI) adverse effects, and alternatives, such 
as COX-2 selective NSAIDs like Celecoxib or combinatorial 
treatment with GI protective agents, are expensive (Ofman, 
2002). In osteoarthritis, the degradation of collagen type 
II is an irreversible process, and it is believed that collage-
nase-1 and MMP-1 are primarily responsible. Recently, an-
other human collagenase, named collagenase-3 (also called 
MMP-13), has been identified, and our laboratory showed 
that it is also involved in the pathophysiology of osteo-
arthritis (Peat et al., 2001). Furthermore, proinflammatory 
cytokines, such as IL-1 and TNF-α, have significant effects 
on chondrocytes. They are able to; (i) increase enzyme syn-
thesis, (ii) inhibit the synthesis of major physiological in-
hibitors of these enzymes, and (iii) inhibit the synthesis of 
matrix constituents, such as collagen and proteoglycans.
  AIF (Code name, Oscotec Inc., Cheonan, Korea) is a water 
soluble extract of three herbs, i.e., Panax notoginseng 
(Burk.) F. H. Chen., Rehmannia glutinosa Libosch and 
Eleutherococcus senticosus, which have widely been used as 
herbal medicines in Eastern Asia for more than 2000 years, 
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Fig. 1. Schema of patients in the study.

and their dosage limits have already been characterized. 
Panax notoginseng (Burk.) F. H. Chen. was selected because 
it markedly inhibits tumor necrosis factor-alpha (TNF-α) 
secretion in-vitro (Chang et al., 2007; Ling et al., 2008). 
Moreover, Rehmannia glutinosa Libosch and Eleuthero-
coccus senticosus are used to treat arthritis. In addition, 
AIF was previously found to have a suppressive effect on 
TNF-α, interleukin-1 (IL-1), and matrix metalloprotei-
nase-13 (MMP-13) in a collagen-induced arthritis model 
(CIA) (Kim et al., 1999; Chang et al., 2005). In preclinical 
study performed in GLP organization, AIF showed no tox-
icity in general toxicology.
  In this study, we conducted a clinical trial on AIF for 
the treatment of osteoarthritis and compared its sympto-
matic outcomes with those of placebo treated group. 

METHODS

Study population

  Subjects were recruited at Catholic University Medical 
Center through bulletin board and poster advertisements. 
A total 64 patients (ages ranging from 43 to 73 years) with 
osteoarthritis of the knee, according to the “American 
College of Rheumatology” (ACR) classification of idiopathic 
osteoarthritis of knee with radiographic criteria of grade 
I and grade II, were enrolled (Kellgren and Lawrence, 1957; 
Altman et al., 1986). All study subjects were required to 
stop all analgesic medication and physical therapy at least 
for 1 week prior to commencement of study. Female pa-
tients at risk of becoming pregnant were excluded, as were 
patients with serious comorbid illnesses, such as car-
diovascular, gastrointestinal, infectious, autoimmune, 
rheumatologic, or neoplastic diseases or abnormal labo-
ratory findings according to a screening test (Fig. 1).

Study design 

  This randomized, double blind, placebo-controlled study 
was conducted over the period of 7 weeks, and the study 

was approved by the institutional review board of the 
Catholic University of Daegu School of Medicine. All pa-
tients provided written informed consent. Furthermore, the 
study was performed in accordance with the Declaration 
of Helsinki and its recommendations.
  During pre-study screening, subjects underwent complete 
history taking and a physical examination. Laboratory tests 
included; simple radiography of the knee, complete blood 
cell count, blood chemistry, urinalysis, and a urine preg-
nancy test (premenopausal women). Simple radiography of 
the affected knee was also performed. Radiographic scores 
were classified as; grade 1 − possible osteophyte, grade 2 − 
definite osteophyte and possible narrowing of the joint 
space, grade 3 − multiple osteophytes and definite narrow-
ing of joint space, and grade 4 − severe sclerosis and defi-
nite deformity of bone contour (Kellgren and Lawrence, 1957).

Supplements administration

  After initial screening and resting period, the 57 partic-
ipants were randomly assigned to one of two groups: AIF 
and placebo, respectively. The AIF participants were treat-
ed with the formulation which contained 200 mg of AIF, 
192 mg of corn starch, 4 mg of HPMC, 4 mg of magnesium 
stearate in each capsule. The placebo participants were 
treated with the formulation of 392 mg of corn starch, 4 
mg of HPMC, 4 mg of magnesium stearate in each capsule. 
The all groups were administered two capsules bid for 6 
weeks. The contents of standard material in the AIF were 
as follows: Ginsenoside Rb1, 19.49±3.89 mg/g, stachyose 
0.87±0.17 mg/g and eleutheroside E 0.07±0.014 mg/g.
  During study period, systemic or intra-articular steroids, 
oral anticoagulants, and prolonged use of antacids or drugs 
affecting gastrointestinal motility were prohibited. AIF and 
placebo were administered by a pharmacist who was un-
aware of the study details. We suggested that the partic-
ipants keep to a normal diet, and prohibited any medication 
or herbal preparation without permission. 

Outcome measures and assessment of efficacy

  Subjects in the AIF and placebo groups were assessed 
at weeks 0 (baseline), 3 and 6 after initiation. AEs after 
completion of AIF administration were assessed again at 
seventh week. Pain intensities at weeks 0, 3, and 6 were 
assessed using a 100 mm visual analogue scale (VAS) by 
patients, and K-WOMAC scores at weeks 0 and 6 were com-
pared by consensus between two investigators (SH Park, 
JY Choe) (Bae et al., 2001).
  All AEs that occurred during the study period were re-
corded and classified using guideline of Spiker et al. (1992). 

Statistical analysis 

  Statistical analysis was performed using SPSS version 
12.0 for Windows (SPSS Inc., Chicago, IL). The analysis 
was performed on a per-protocol (PP) and intention to treat 
(ITT) basis. Repeated measures two factor analysis was 
used to compare temporal differences. Intra-group differ-
ences were analyzed using the paired t-test, and the sample 
t-test was used to analyze inter-group differences. 
Treatment efficacies were compared using the Chi-square 
(χ2) test. Inter-group K-WOMAC score changes were com-
pared using the two sample t-test. Discontinued case data 
were analyzed using LOCF (Last-Observation-Carried- 
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Table 3. Changes of VAS scores as assessed by patients

Before administration After administration
p value†

Week −2 Week 0 Week 3 Week 6

AIF

Placebo

p value*

N=28
54.29 (14.32)

N=24
52.92 (15.67)

N=28
54.64 (14.72)

N=24
55.21 (15.00)

0.89

N=28
46.96 (16.46)

N=24
51.04 (18.41)

N=28
37.32 (16.58)

N=24
42.08 (18.88)

0.34

＜0.01

＜0.01

Values are means (SD). *two sample t-test, †Week 0, Week 6. paired t-test, LOCF.

Table 1. Patient baseline characteristics

Demographics AIF
N=31

Placebo
N=26 p value

Age, yr
Gender, no (%)
  Female
  Male
Body weight (kg)
Height (cm)
Previous medical 
 history
  Yes
  No
Radiographic 
 exam, no (%)
  Right I
        II
        III
        IV
  Left  I
        II 
        III
        IV

59.90 (7.54)

    28 (90.32)
    3 (9.68)
58.54 (7.30)

155.68 (6.33)

    23 (74.19)
     8 (25.81)

    17 (54.84)
    14 (45.16)

    0 (0.00)
    0 (0.00)

    18 (58.06)
    12 (38.71)

    1 (3.23)
    0 (0.00)

58.92 (7.06)

    24 (92.31)
    2 (7.69)
63.70 (9.17)

155.55 (5.42)

    17 (65.38)
     9 (34.62)

    16 (61.54)
    10 (38.46)

    0 (0.00)
    0 (0.00)

    14 (53.85)
    12 (46.15)

    0 (0.00)
    0 (0.00)

＞0.05*

＞0.05†

0.022*
＞0.05*

＞0.05‡

＞0.05‡

＞0.05‡

Values are means (SD). *t-test, †Fisher’s exact test, ‡Chi-square
test.

Table 2. Summary of adverse events (AEs)

Demographics AIF
N=31

Placebo
N=26 χ

2 p value

Total AEs
  Dyspepsia
  Nasopharyngitis
  Dysuria
  AST elevation
  ALT elevation
  Insomnia
  Gingival pain
  Urticaria

11 (35.5)
 6 (19.35)
2 (6.45)
1 (3.23)
1 (3.23)
1 (3.23)

9 (34.6)
 6 (23.08)

1 (3.85)
1 (3.85)
1 (3.85)

0.118 0.731

Values are number (%) of patients. AST, alanine amino-
transferase; ALT, aspartate aminotransferase.

Forward) analysis.
RESULTS

Baseline characteristics of study population

  Sixty four patients were recruited, and 57 patients were 
randomly allocated to either AIF (31 patients) or placebo 
(26 patients) groups. Seven of the original 64 patients were 
not enrolled due to screening failure (three patients) or con-
sent withdrawal (four patients) (Fig. 1). Baseline character-
istics, such as age, gender, and medical history, were sim-
ilar in the two groups (Table 1). Radiographic severities of 
both knee joints were also similar.

Adverse events

  The most common adverse events (AEs) in the AIF group 
were gastrointestinal in nature, such as dyspepsia, and 6 
patients in both groups were affected (Table 2). In the AIF 
group, 2 patients withdrew due to an AE; 1 patient for dys-
pepsia and 1 patient due to a sense of dysuria. In the place-

bo group, 2 patients withdrew; 1 for dyspepsia and 1 for 
insomnia. Liver enzyme elevation was observed in 1 patient 
transiently less than twice the upper normal limit, and re-
turned to normal at sixth week. No serious AEs were 
reported. 

Effectiveness for relieving pain

  Repeated measures two factor analysis showed no inter-
action between the two groups in terms of longitudinal VAS 
changes (data not shown). Decreases in VAS scores were 
significant in both study groups (p＜0.01 between week 0 
and week 6), and the rate of response to AIF was 4.76 per-
centage points higher at 6 weeks than placebo group, how-
ever no significant difference was found between the two 
groups (p=0.89 at week 0, 0.34 at week 6) because of sig-
nificantly high placebo effect in the placebo group between 
week 0 and 6 (p＜0.01) (Table 3). Assessments of K-WOMAC 
scores at weeks 0 and 6 showed significant improvements 
in pain, stiffness, physical function and total scores in the 
AIF group only. AIF was found to be significantly more ef-
fective for improving physical function and total K-WOMAC 
scores than the placebo (Table 4).

DISCUSSION

  Degeneration of articular cartilage is a characteristic of 
the pathogenesis of Osteoarthritis. This degeneration is due 
to enzymatic breakdown of collagen and proteoglycan, and 
MMPs play a dominant role.
  During the clinical stage of osteoarthritis, morphological 
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Table 4. Changes of K-WOMAC scale scores 

Before administration After administration
Δ p value*

Week 0 Week 6

AIF

Placebo

p value*

Pain
Stiffness
Physical function
Total score

Pain
Stiffness
Physical function
Total score

N=27
6.22 (3.88)
2.96 (3.01)

24.04 (13.30)
33.22 (17.87)

N=24
5.22 (3.01)
2.57 (1.81)

20.17 (10.99)
27.96 (14.08)

N=27
4.33 (3.03)
2.22 (1.85)

15.26 (13.18)
21.81 (17.33)

N=24
4.22 (3.52)
2.26 (1.66)

18.09 (12.14)
24.57 (16.67)

1.89 (3.80)
0.74 (1.72)

 8.78 (10.84)
11.41 (14.44)

1.00 (3.71)
0.31 (1.69)
2.09 (6.67)

 3.39 (10.16)
0.41
0.37

＜0.05
＜0.05

＜0.05
＜0.05
＜0.05
＜0.05

0.21
0.40
0.15
0.12

Values are means (SD). *two sample t-test (AIF - Placebo), †Week 0, Week 6. paired t-test, Δ Week 0- Week 6.

changes include variable degree of synovial inflammation, 
which in turn produces inflammatory mediators like IL-1 
and TNF-α that play pivotal roles in mediating the patho-
physiological mechanisms of osteoarthritis. As mentioned 
above, the MMP family play a key role in the disease proc-
ess, and collagenase and stromelysin (the latter of which 
is responsible for proteoglycan degradation) in particular 
play primary roles in the degradation of the extracellular 
matrix (Lawrence and Helmick, 1998).
  In this randomized, double blind, placebo-controlled clin-
ical trial in patients with radiologically confirmed osteo-
arthritis of the knee, we investigated the efficacy of AIF. 
AIF is composed of three herbal constituents, including 
Panax notoginseng (Burk.) F. H. Chen., Rehmannia glutino-
sa Libosch, and Eleutherococcus senticosus, which have tra-
ditionally been used in East Asia for many ages and have 
known for analgesic, anti-inflammatory, and anti-osteolytic 
effects. Based on its suppressive effects on matrix metal-
loproteinase (MMP)-13 and TNF-α in a collagen-induced 
arthritis mouse model (Chang, 2005), we conducted this 
clinical trial to determine the effects of new herbal for-
mulation of these herbs. The recommended daily doses of 
these three herbs in the compendium of oriental medicine 
are 9 g, 15 g, and 27 g equivalent to extracts in four capsu-
les of AIF, 904 mg, 723.2 mg, 180.8 mg of three herbs, re-
spectively, which were administered to patients. In view 
of the doses administered and the absence of adverse events 
related to these three herbs in preclinical studies, we be-
lieve that the trial dose is safe. 
  The optimal management of osteoarthritis requires an 
adequate combination of non-pharmacological and pharma-
cological treatment modalities. Because of the well-known 
toxicity profiles of NSAID and analgesics, supplementary 
drugs or health food supplements, such as avocado/soybean, 
diacerein, glucosamine and chondroitin, have widely been 
used (McAlindon et al., 2000; Pelletier et al., 2000; Christensen 
et al., 2008). 
  Because of the high rate of response to placebo in pain 
perception (60.1%), it is usually difficult to discern sig-
nificant results by comparing the subjective pain via ex-
ploratory analysis as VAS (Clegg et al., 2006). In the pres-
ent experiment, there was no significant difference in VAS 

between groups because of significantly high placebo effect 
in placebo group between week 0 and 6 (p＜0.01), never-
theless, the administration of AIF for 6 weeks improved 
VAS, since the rate of response to AIF was 4.76 percentage 
points higher at 6 weeks than placebo group, and sig-
nificantly improved K-WOMAC scores.
  In conclusion, AIF was shown to be effective at improving 
pain and knee function in osteoarthritis patients, as as-
sessed by using the VAS and K-WOMAC scale, and was 
found to have an acceptable safety profile. Therefore, it may 
be an applicable candidate as supplementary drugs for 
symptomatic osteoarthritis patients. Long term evaluation 
using different doses of AIF with large numbers of partic-
ipants is recommended to accurately and precisely de-
termine the effects of this formulation on prevention and 
treatment of osteoarthritis.
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