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Summary

Objective: Zeel camp. is a mixture of homeopathic extracts used in antihomotoxic medicine of osteoarthrosis. The clinical study in
patientswith gonarthrosis showed a pronounced beneficial effect of this compound.

The aim of study: The evaluation of the Zeel camp. effect on the articular cartilage of knee joint during development of
osteoarthrosis in rabbits following anterior cruciate ligament transsection (ACLT). Methods: A total of 12 New Zealand White
(NZW) male rabbits were used in this study. The rabbits were randomly divided into two groups of 6 animals after surgical ACLT
of right knees and smple arthrotomy of their contra-lateral left knees: osteoarthritic untreated group (OA) and Zeel camp. treated
group. OA group received intra-articular injection of sterile saline and the treated group injected in the same manner with Zeel
camp. into theright ACLT knee. At the same time both groups received intra-articular injection of sterile saline into the left knees
(Sham controls). Zeel camp. or saline were injected introarticularly twice a week, immediately after surgery until sacrifice at 9
weeks. The parameter s tested wer e gross mor phology, histology aswell as urinary pyridinoline (Pyr).

Most important results: Morphological changes in osteoarthritic group without treatment were seen on both, medial and lateral
region, but markedly on medial condyle of the ACLT right knee. The articular cartilage was characterized by a rough and
hypertrophic appearance with severe erosions. The severity of cartilage damage was generally lower in Zeel camp. group in
comparison with OA group. The gross mor phological examination of contralateral sham controlsrevealed very little or no changes.
Gross mor phological grading of cartilage damage showed significantly lower extent of damagein Zeel camp. group.

Histological evidence for cartilage degeneration was observed in the ACLT knees of bath treated and untreated rabbits. In OA
controls the articular cartilage showed degenerative changes, including: rough surface, loss of superficial layer, erosion, fissures,
irregular arrangement and form of chondracytes. In the osteoarthritic group treated with Zeel camp. the signs of cartilage
degeneration of femoral candyles were limited. The mean global histopathological scare in the Zeel camp. group was significantly
lower in medial candyles (20.70+0.64, p<O.0S) in comparison with saline treated OA group (23.40+0.54). Similar results were
observed in lateral condylcs.

Biochemical deter minations showed significantly higher concentrations of urinary Pyr in the OA group compar ed to healthy rabbits
during the whole period of the study (9 weeks), indicating a higher collagen degradation of cartilage and subchondral bone in the
osteoarthritic animals. The urinary levels of rabbitstreated with Zeel camp. was clearly lower compared to the OA controls.
Conclusion: The results of this study showed that, intraarticular Zccl camp. injections did not completely prevent the development
of joint damage in theACLT rabbit model of ostcoarthrosis, however the results of our morphological and Histological experiments
as well as the biochemical findings demonstrate a significant and substantial decrease in severity of the damage caused in condyle
cartilage and its chondr ocytes.
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INTRODUCTION

Osteoarthrosis (OA) is one of the most common causes of physical disability in the civilized countries. It is
characterized by aloss of cartilage, bone remodeling and a synovial reaction resulting in a narrowing of the
joint space, subchondral sclerosis and formation of marginal osteophytes (1). The changes are easily recognized
by x-ray but this parameter is only sufficient to study advanced stages of the disease. The method is too
insensitive to detect early signs of Osteoarthrosis or to follow the success of therapeutical measures.

Therefore, animal models as those used in this study, are frequently employed for a more exact evaluation of
pathophysiology or the investigation of the efficacy of new drugs (7). Experimentally induced OA in animals
has been employed for many years using a variety of techniques including immobilization of the joint, surgical
alteration and destabilization of the joint architecture, as well as intra-articular injection of destructive agents
(papain, chondroitinase) (2, 4, 8).

Zeel comp. is a mixture of homeopathic extracts prepared from: Rhus toxicodendron, Arnica montana,
Solanum dulcamara, Sanguinaria canadensis and sulfur, used in antihomotoxic medicine of osteoarthrosis
(produced by Biologische Heilmittel Heel GmbH, Germany). A clinical study with Zeel comp. in patients with
gonarthrosis showed a pronounced beneficial effect (3).

The aim of this study was therefore the evaluation of the Zeel comp. effect on the articular cartilage of knee
joint during development of OA in rabbits following anterior cruciate ligament (ACL) transsection using the
model described byY oshioka et a. (13).

The parameters tested were gross morphology, histology as well as urinary pyridinoline (as a marker of
collagen degradation). Concerning the latter, Thompson et al. (11) and the others (9, 10) demonstrated that
urinary levels of pyridinoline significantly correlate with cartilage damage and with the X-ray-based rating of
osteoarthritic joints.

MATERIALS AND METHODS

Experimental design

A total of 12 New Zealand White (NZW) male rabbits weighing 2.53+0.09 kg each were used in this study.
The rabbits were randomly divided into two groups of 6 animals after anterior cruciate ligament transsection
(ACLT) of right knees and simple arthrotomy of their contra-lateral left knees. Group 1 — untreated rabbits
(osteoarthritic, OA) received 0.3 ml intra-articular injection of sterile saline into the right ACLT knee and left
knee (the latter serving OA _Sham control). Group 2 —treated animals (Zeel comp.) were injected in the same
manner with 0.3 ml Zeel comp. into the right ACLT knee and 0.3 ml sterile saline into the left knee (Zeel comp.
_Sham control). Zeel comp. or saline were injected intra-articularly twice a week, immediately after surgery
until sacrifice at 9 weeks.

Surgical procedure

All rabbits were anaesthetized by intramuscular injection of ketamine (100 mg/kg) and xylazine (16mg/kg).
Following the anesthetizes, both knees were shaved and disinfected with betadine solution. A medial
parapatellar incision was made on the skin followed by arthrotomy. The patella was dislocated laterally and the
knee placed in full flexion.

The ACL was then transected. After transsection the joint was irrigated with sterile saline and closed. The
capsule and the synovium were closed with a running suture of 2—O silon. The skin was closed in the same
manner with additional interrupted sutures of 3—0 silon. The sham controls received the same treatment except
for the transsection of the ACL .

Post-operatively the animals were permitted cage (60x50x40 cm) activity. The animals were closely monito-
red for infections and other complications. The average weight of the rabbits at surgery was 2.53+0.09 kg, and
at death 3.37+0.13 kg.

Gross morphology



Both knees (ACLT and sham control) were inspected and gross morphological changes of the medial
condyles were rated according to modified criteria published by Y oshioka et a. (13): grade 1 —intact surface;
grade 2— dlightly rough surface, minimal erosions; grade 3 - markedly rough surface and hypertrophic cartilage
with moderate erosions; grade 4 _severe erosions, 10ss of cartilage exposing the underlying bone.

Histological preparations

Both medial and lateral femoral condyles of the right and left knees were used for Histological preparation
and assessment. The tissues were fixed in 10 % formaldehyde solution, decalcificated at room temperature in
EDTA at pH 7.6. After decalcification, the femoral condyles were cut along the sagittal plane and both medial
and lateral condyles were embedded in paraffin. Five micron sections were cut with a Reichter—Jung
microtome and stained with haematoxyline , eosin and safranin 0.

The conditions of articular cartilage were characterized histologically based on regressive changes of
cartilage such as: loss of superficia layer, superficia erosion, fibrillation and fissures of cartilage, loss of
proteoglycan, disorganization of chondrocytes, loss of chondrocytes, exposure of subchondral bone, cluster
formation obtained in Table | according to Kikuchi et a. (5).

Biochemical determination

24-hour urine samples were collected from the rabbits in the metabolic cage during the 9 weeks and stored at
—60 °C until analysis. Pyridinoline (Pyr) was determined in the pooled urinary samples from three rabbits. The
urinary samples were supplemented by 6 samples of healthy rabbits without surgery (normal values). The
samples were hydrolyzed at 110 ‘C in 6 M HCI for 18 hours. Urinary Pyr corrected for creatine was then
measured by high performance ion-exchange chromatography as described elsewhere (6) with some dlight
modifications. Small solid phase extraction (SPE) columns filled with microparticulate cellulose (approx. 1 ml)
were conditioned with 12 ml of mobile phase (n-butanol:acetic acid:water 4:1:1). Following the conditioning,
0.5 ml of hydrolysate was mixed with 0.5 ml of glacial acetic acid and 2 ml of n-butanol and applied to the SPE
columns. After washing with the mobile phase (3x4 ml), pyridinoline eros-dlinks were eluted from the columns
by 1.8 ml of mobile phase used for the subsegquent high performance liquid chromatography (HPLC) analysis on
HEMA BIO 1000 SB 250x4 mm columns (Tessek, Czech Republic). The mobile phase was prepared by mixing
0.45 M sodium sulphate and 0.3 M acetate buffer, pH 3.0 at a ratio of 9:22. Analysis was performed
isocratically at a flow rate of 0.8 mi/mm. A fluorescence detector was used for the analyses (excitation at 295
nm and detection at 400 nm).

Statistical analyses of Histological results were carried out using statistical method, one-way analysis of
variance (ANOVA) for paired data sets with alevel of significance at p<O.05.

RESULTS

Gross morphology

The changes in osteoarthritic group without treatment were seen on both, medial and lateral region, but
markedly on medial condyle of the ACLT right knee. The articular cartilage was characterized by a rough and
hypertrophic appearance with severe erosions (Fig. 1a). The severity of cartilage damage was generally lower in
Zeel comp. group (Fig. LB) in comparison with OA group. The gross morphological examination of
contralateral sham controls (left knee) revealed very little or no changes (Fig. Ic). Gross morphological grading
of cartilage damage was performed on the medial femoral condyles and the results areillustrated in Fig. 2. Only
one contra-lateral condyle (sham control) in OA group showed signs of cartilage damage on grade 2. The
cartilage damage in Zeel comp. group was significantly lower compared to OA group. While in the OA ACLT
right knees 3 out of 6 condyles demonstrated grade 4, in the Zeel comp. treated group grade 4 was not observed.

Histological evaluation

Histological evidence for cartilage degeneration was observed in the ACLT knees of both treated and
untreated rabbits. The surface of articular cartilage of sham controls (contralateral knees) was smooth without
erosions, fibrillation and fissures with a mostly normal Histological appearance. The matrix was intact and the



arrangement of chondrocytes was regular (Figs 3a, 3b, 3c —medial condyle). In OA controls the articular
cartilage showed degenerative changes, including:

rough surface, loss of superficial layer, erosion, fibrillation and! or fissures, irregular arrangement of
chondrocytes. Necrotic chondrocytes (without nuclear staining) were rarely seen, and were sporadically mixed
with hypertrophic (enlarged) and hyperchromic (hyperfunctional) chondrocytes (Figs 4 a, 4b, 4c

—medial condyle). In the osteoarthritic group treated with Zeel comp. the signs of cartilage degeneration of
femoral condyles were limited (Fig. 5a, Sh, Sc —_medial condyle).

Histopathol ogical score

The mean global histopathological score in the Zeel comp. group was significantly lower in medial condyles
(20.70+0.64, p<0.05) in comparison with saline trgated OA group (23 .40+0.54) (Tab. 2). Similar results were
observed in lateral condyles. The items of the histopathological score in the Zeel comp. treated rabbits were
usually lower than in OA controls. In the treated group 2 items of the condyle score decreased significaily:
disorganisation of chondrocytes and cluster formation.

Biochemical determinations

Concentrations of urinary Pyr were significantly higher in the OA group compared to healthy rabbits during
the whole period of the study (9 weeks), indicating a higher collagen degradation of cartilage and subchondral
bone in the osteoarthritic animals (Fig. 6). The urinary levels of rabbits treated with Zeel comp. was clearly
lower compared to the OA controls (except the first week in Zeel comp. group).

DISCUSSION

Joint destabilisation secondary to a complete transection of the ACL is known to cause a breakdown of
articular cartilage with the resulting loss of joint function. 9 weeks after surgery, inspection of the joints
revealed an extensive damage in the ACLT knees of all animals receiving saline as the vehicle. All tested
parameters indicated severe osteoarthrosis: roughness of the cartilage surface, the thickness of the cartilage,
number and distribution of chondrocytes as well as the morphology of these cells. Morphological grading of the
femoral condyles and the histological scoresin ACLT knees revealed a significantly lower extent and severity
of cartilage damage in Zeel comp. —treated rabbits compared to the saline received OA control animals. Urinary
pyridinoline levelsin the ACL transected animals were higher in control OA group without treatment (see Fig.
6) supporting on a biochemical basisthe view of cartilage protection by Zeel comp.

Zeel comp. is a mixed solution of different ingredients and the substance contents of his preparation is quite
low. Nevertheless, our results show a substantional protective effect of Zeel comp. on the experimentally
induced damage of rabbit joints. This corresponds well with its beneficial effect on clinical symptoms observed
in patients with gonarthrosis (3). Since our present study was primarily designed to evaluate the effects of the
drug on morphological and histological features of the disease rather than to investigate the pharmacology of
this substance. It is difficult to derive any such conclusions from these experiments. However, data of in vitro
investigations on the activities of individual components of Zeel comp. on the immune system showed that Rhus
toxicodendron and Arnica montana inhibited the respiratory burst of polymorphonuclear granulocytes (12).
Rhus toxicodendron also markedly inhibited IL-6 release and moderately stimulated the synthesis of TGF-beta
in human whole-blood cultures.

Thus we suggest that at least one type of pharmacological mechanisms of Zeel comp. could work via the
cytokine communication of cells regulating the homeostasi s of cartilage turnover.

In conclusion, intraarticular Zeel comp. injections did not completely prevent the development ofjoint
damage in the ACLT rabbit model of osteoarthritis, however the results of our morphological and histological
experiments as well as the biochemical findings demonstrate a significant and substantial decrease in severity of
the damage caused in condyle cartilage and in chondrocytes.

Further investigations will have to show, which cell types are the targets of the active principles in Zeel
comp. and how the cells respond to improve the state of the disease.
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