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Abstract: Bothrops moojeni, a Brazilian lanced-head viper, presents a rich, but not well explored, 

venom composition. This venom is a powerful tool for the discovery of new molecular targets in 

many different biological processes. Osteoclasts (OC) are extremely important for bone maintenance, 

calcium physiology, and balance of tissue regeneration being involved in such diseases as osteopo-

rosis and rheumatoid arthritis. The goal of our study was to evaluate the effect of Bothrops moojeni's 

venom and its fractions of human peripheral blood mononuclear cells derived OCs in vitro differ-

entiation.After the induction of OCs differentiation, on day 4 the venom was added at different 

concentrations (5, 0.5, and 0.05 µg/mL), and the reduction of tartrate-resistant acid phosphatase pos-

itive (TRAP+) osteoclasts, which was more prominent at the concentration of 5 µg/mL were ob-

served. Phalloidin staining was used for morphological analyzes of F-actin rings integrity. Venom 

provoked F-actin ring disruption in treated versus control OCs. We obtain high molecular weight 

(HW) and low molecular weight (LW) venom fractions. Both fractions induced the reduction of 

TRAP+ OCs (HW fraction at a concentration of 5 µg/mL and LW fraction at 1 µg/mL, respec-

tively).We performed a secretome analysis of OCs treated with venom and its fractions using mass 

spectrometry (LC-MS/IT-Tof). The data obtained demonstrate possible pathways and mechanisms 

involved in OCs reduction after the treatment. Example giving is catabolic mechanisms for HW and 

proteins correlated with genetic modifications for LW. New experiments are in progress, aiming to 

discover the molecules that possibly interfering in the osteoclasts differentiation.  
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1. Introdution  

Osteoclasts (OC) are extremely important for bone maintenance, calcium physiology, 

and balance of tissue regeneration being involved in such diseases as osteoporosis and 

rheumatoid arthritis. The goal of our study was to evaluate the effect of Bothrops moojeni's 

venom and its fractions of human peripheral blood mononuclear cells derived OCs in 

vitro differentiation. 

2. Results and Discussion  

2.1. Effect of B.moojeni Crude Venom on Cell Viability, TRAP+ Ocs Number, F-acting Rings 

Integrity  

The effect of B.moojeni venom in OCs differentiation model was evaluated using phe-

notypic assays based on characteristics of mature OCs, such as number of TRAP+ cells, F-

acting rings integrity and OCs multinuclearity.  
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To evaluate the toxic effect of the B.moojeni venom on OCs, we performed the mature 

OCs viability test on day 15 of differentiation. For this purpose, differentiation into OCs 

was induced using RANKL immediately after PBMCs plating. The venom was added at 

different concentrations (5, 0.5, and 0.05 µg/mL) on day 4 after plating, and it was main-

tained before the end of differentiation (day 15). CCK8 method was adopted to evaluate 

OCs primary culture viability based on hydrogenase activity measuring. For this, the ab-

sorbance value was reversed in the percentage of living cells. According to Figure 1A, no 

statistically significant difference in OCs viability was observed between mature OCs at 

all tested concentrations.  

TRAP is a specific marker of mature OCs; therefore, we perform the TRAP staining 

at the end of PBMC differentiation protocol in the groups treated with crude venom at the 

same concentrations used in the viability assay. Besides, this staining was performed in 

two control groups, one with PBMC, induced for differentiation and, the other with PBMC 

in the basal medium. TRAP staining demonstrates, in the positive control, multinucleated 

and active OCs appearing in a purple color where it is possible to observe the stained 

nuclei. Cells not competent to metabolize become very dark in color (Figures B–E). Figure 

1B demonstrates TRAP+ OCs control culture and TRAP+ OCs treated with crude venom 

at concentration 0.05 µg/mL (Figure 1C), 0.5 µg/mL (Figure 1D), and 5 µg/mL (Figure 1E).  

Next, we counted the number of TRAP+ OCs in positive control e in OCs treated with 

venom. The results showed that OCs treatment with 5 µg/mL of venom significantly re-

duces their number compared with the positive control (Figure 1F).  

OCs are bone-resorbing cells acting as fundamental mediators of bone conditions. 

Mature OCs polarize and reorganize their cytoskeleton to create an F-actin-rich ring upon 

adhesion to the bone. Staining of F-actin rings with phalloidin allowed us to observe the 

conservation and integrity of these structures. The OCs treated with venom show a dif-

ference in the integrity of the ring (Figure 1G,H). Figure 1-G demonstrates intact F-actin 

ring formation in positive control. After OCs treating with different venom concentrations, 

the rings' gradual disruption was observed, which depends on venom concentration. Rep-

resentative Figure 1-H shows the OCs that demonstrate the intact ring on one side, while 

on the other side ring shows topic disruptions. This effect is stronger at a concentration of 

0.5 μg/mL (Figure 1-I) and, in Figure 1-J destroyed F-actin ring is shown. The same proce-

dures were performed with high and low mass, the decreasing number of osteoclasts it’s 

observed.  
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Figure 1. Osteoclast viability, TRAP - staining, TRAP+ OCs counting, and F-ring morphology after the treatment with B. 

moojeni venom. (A) CCK8 assay of mature OCs treated with crude venom viability. (B–E) OCs tartrate-resistant acid 

phosphatase (TRAP) staining. (B) TRAP+ OCs – positive control. (C–E) TRAP OCs staining after the treatment with B. 

moojeni venom at concentrations of 0.05, 0.5, and 5 µg/mL, respectively. Multinucleated TRAP+ purple cells can be ob-

served. (F) Response rate curve for counting the number of TRAP + osteoclasts * p <0.05. (G–J) Staining the F-actin rings 

with phalloidin (green), nuclei stained with DAPI (blue). OCs treated with venom at concentrations of 0.05, 0.5, and 5 

µg/mL, respectively. White arrows indicate intact F-rings. White arrowheads indicate F-rings' gradual disruption. (H–J). 

Scale bar: 100 µm. 

2.3. Cell Culture Medium Soluble Protein Analysis of Mature Ocs (Day 15)  

We identified 120 proteins for the positive control, 53 proteins for the negative control, 

103 proteins for the group treated with B. moojeni crude venom, 22 proteins for the group 

with high weight, and 22 proteins for the low weight group. It is noteworthy that on a par 

with secreted proteins, the proteins originated from different extracellular vesicles, and 

proteins released by OCs during the fusion process can be found. B.moojeni venom has 

proteases and other components that are not yet described. Our data show that all three 

groups present a distinct pattern of identified proteins. We selected some of these proteins 

for further discussion.  

Using Panther software analysis, several categories of enrichment data were detected. 

Pathway analysis indicates those proteins important to the OCs differentiation in the pos-

itive control group. Having Hedgehog signaling pathway (P00025), histamine H1 recep-

tor-mediated signaling pathway (P04385), oxytocin receptor-mediated signaling pathway 

(P04391) highlighted. In the group treated with B. moojeni crude venom, interleukin sig-

naling pathway (P00036), inotropic glutamate receptor pathway (P00037), metabotropic 

glutamate receptor group III pathway (P00039), PI3 kinase pathway (P00048), and pyrim-

idine metabolism (P02771) are evidenced. In the group treated with HMW fraction, the 

PI3 kinase (P00048) and Pyrimidine Metabolism (P02771) pathways are of importance, 

while the group treated with LMW shows a single pathway involved in Blood coagulation 
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(P00011). All pathways found in the treated groups are exclusive to each group, except 

blood coagulation, observed in the group treated with LMW fraction and negative control. 

Regarding the pathways identified in the B. moojeni group treated with venom, we 

can emphasize that, in the Interleukin signaling pathway (P00036), cytokines are essential 

in playing a regulatory role in osteoclastogenesis, acting together as anti-osteoclastogenic 

and pro-osteoclastogenic modulators [1]. For the glutamate-related pathway, it was re-

ported that glutamate-type receptors and glutamate have the function of ensuring bone 

impact. Inotropic glutamate receptors' activation demonstrates regulating the OCs phe-

notype in vitro and maintaining bone mass [2,3]. The PI3K-AKT pathway, which we also 

found in the group treated with the venom, is related to the increase in the number of 

osteoclasts and cytokines, with greater precursors' effectiveness [4]. We also identify the 

pyrimidine pathway; it is known that extracellular nucleotides can play a role in bone 

regulating, signaling, and in cartilage metabolism. These can be stimulating during dif-

ferentiation [5].  

In the group treated with HMW, we detected the pathways for pyrimidine and PI3. 

In the group treated with LMW, only a single pathway related to coagulation was revealed, 

which may be influenced by thrombin that stimulates bone resorption mediated by OCs.  

3. Preliminary Conclusions 

We demonstrated that B. moojeni crude venom, and LMW, and HMW fractions are 

responsible for reducing mature OCs number without interfering with cell viability. The 

venom compounds, like metalloproteases, phospholipases, L amine oxidase acid, and ser-

ine proteases, have biological activity on cellular membranes and pathways related to in-

flammation [6–9] and may cause multiple effects on mature OCs formation.   

The venom and its components were shown to be responsible for causing some mor-

phological and cytoskeletal changes. F-actins rings are classic OCs phenotypic character-

istics [10]. Besides being involved with the cytoskeleton and the cell`s sustentation, also 

presents essential role functionally, including motility, conformation, and fixation for ab-

sorption [11]. We analyzed the format of rings and observed that F-actin ring formation 

in some treated cells was affected by crude venom and it’s both fractions, when used in 

studied concentrations, suggesting commitment of bone resorption capacity of mature 

OCs.   

The analysis of the OCs proteins in culture medium is an important parameter not 

yet investigated by the scientific community. The exposure to inflammatory components 

naturally can causes changes in the differentiation OCs. The present study indicates that 

treatment with crude venom, HMW, and LMW cause morphological, functional, and mo-

lecular changes in mature OCs.  
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