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Abstract  
 
Project Code: TRG5680085 
Project Title: Effects of Thai Cobra (Naja kaouthia) Venom on Cardiac Myocyte Function:  
Potential Lead Compounds for New Inotropic Drug. 
Investigator: Kittipong Tachampa, Faculty of Veterinary Science, Chulalongkorn 
University 
E-mail Address: Kittipong.T@chula.ac.th 
Project Period: June 2013 – June 2015 
 Naja kaouthia is the most commonly venomous snake found in Thailand and causes 
high mortality rate in most hospitalized cases. Its venom caused profound effect not only on the 
neuromuscular system but also on the cardiovascular system.  Based on our preliminary study, 
we found that fraction 6 isolated from N. kaouthia venom (NK6) suppressed cardiac contraction 
in both rat in vivo model and in isolated perfused heart. However, in isolated cardiomyocytes, 
we found that NK6 perfusion increased calcium transient and enhanced myocytes shortening. 
Therefore, it has a potential to be a lead compound for developing a new cardiac positive 
inotropic drug. This study aimed to elucidate mechanism in which NK6 induces changing in 
cardiomyocytes function (i.e. calcium transient and myocyte shortening). NK6 was isolated and 
purified by means of ion exchange chromatography. Mouse cardiomyocytes were isolated using 
enzymatic perfusion in isolated perfused heart system. Morphological changed from rectangular 
to round shape-cells were observed after incubation with various concentration of NK6 in doses 
and time dependent manner. Calcium transient and myocyte shortening were measured based 
on fluorescence photometry and digital cell geometry measurement (IonoptixTm), respectively.   
At high dose of NK6 (>100 uM), calcium transient was significantly increased simultaneously 
with an initial increase in myocyte shortening followed by losing its contraction ability. The dose 
dependent effect of NK6 from (0.01-1 uM) on calcium transient revealed two different binding 
affinities (Km 1 = 2.47 and Km 2 = 165.40) suggesting at least two interaction sites involving 
calcium homeostasis in cardiomyocytes.  Pharmacological approach using nifedipine showed 
that NK6 was able to attenuate the effect of nifedipine on calcium transient, indicating a 
competitive binding at the L-type calcium channel. In addition, NK6 increased calcium transient 
in the presence of ryanodine and the effect of caffeine on calcium transient was augmented by 
NK6, indicating the second possible interaction site at the ryanodine receptor. Patch-clamp 



experiment revealed that NK6 blocked L-type calcium current in Cav1.2 expressed in HEK 
cells. A selective decrease in Cav-L currents, without affecting Cav-T conductance by NK6 was 
also confirmed. There was a decline of the plateau phase of cardiac action potential by NK6 
confirming the inhibition of calcium current. The SERCA may not involve with the action of NK6 
since the blocking of SERCA by Thapsigargin didn’t changed the effect of NK6 inducing 
calcium overload. This study may benefit in the development of positive inotropic drugs aid to 
increased contractility of the heart in heart failure patients. 
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 งเูห่าไทย (Naja kaouthia) เป็นงมีูพษิทีÉพบได้บ่อยในประเทศไทยและเป็นสาเหตุของการตายทีÉ
สูงในผู้ป่วยทีÉเขา้รับการรกัษา พษิของงเูห่าออกฤทธิ Íไม่เฉพาะแต่ระบบประสาทและกล้ามเนืÊอเท่านัÊนแต่
ยงัมีผลต่อระบบหวัใจและหลอดเลือดด้วยตามผลการศึกษาเบืÊองต้นเราพบว่าโปรตีนในแฟรคชั ÉนทีÉหก
จากพษิงูเห่า (NK6) มีผลต่อการกดการบบีตัวของกล้ามเนืÊอหวัใจทั ÊงในหนูทดลองและในหวัใจทีÉเอา
ออกมากําซาบด้วยสารละลายนอกตัวหนูทดลอง อย่างไรก็ตามในเซลล์กล้ามเนืÊอหวัใจเดีÉยวทีÉแยก
ออกมาทางผู้วิจยัพบว่า NK6 มีผลในการเพิÉมแคลเซยีมภายในเซลล์กล้ามเนืÊอหวัใจและทําใหเ้ซลล์หดสั Êน
ด้วยความแรงทีÉมากขึÊนดังนัÊน NK6 จึงเป็นสารทีÉมีศักยภาพในการพฒันาต่อเพืÉอเป็นยาเพิÉมแรงบบีตัว
ของกล้ามเนืÊอหวัใจสําหรบัผูป่้วยหวัใจล้มเหลว การศึกษาครั ÊงนีÊมีวตัถุประสงค์เพืÉอทีÉจะหากลไกการออก
ฤทธิ Íของ NK6 ต่อการทํางานของกล้ามเนืÊอหวัใจ ทั Êงในแงป่ริมาณแคลเซยีมทีÉเพิÉมขึÊนภายในเซลล์ 
(calcium transient) และการหดตัว NK6 จากพษิงูเห่าถูกแยกและทําใหบ้ริสุทธิ Íด้วยวิธีการแลกเปลีÉยน
ไอออนโครมาโตกราฟฟี เซลล์กล้ามเนืÊอหวัใจของหนูเมาส์ถูกแยกออกจากหวัใจโดยการใชเ้อนไซม์
กําซาบหวัใจหนูทีÉถูกเอาออกมา เซลล์ทีÉถูกแยกออกมามีลักษณะเป็นทรงเหลีÉยมแต่เมืÉอนํามาแช่ใน
สารละลายทมีี NK6 เซลล์มีการเปลีÉยนแปลงรูปร่างเป็นทรงกลมในลักษณะตามความเข้มขน้และเวลาทีÉ
แช่อยู่ในสารละลาย calcium transient และการหดตัววดัด้วยวิธี fluorescence photometry และ digital 
cell geometry (Ionoptix Tm) ทีÉความเข้มข้นสูง (>100 uM) calcium transient เพิÉมสูงขึÊน อย่างมีนัยยะ
สําคัญพร้อมกบัการเพิÉมขึÊนในช่วงแรกของการหดตัวของเซลล์กล้ามเนืÊอหวัใจตามด้วยการลด
ความสามารถในการหดตัว ผลของ NK6 ต่อ calcium ขึÊนกบัความเขม้ขน้โดยมีค่าการจับตัว (binding 
affinity) สองค่าคือ Km1 = 2.47 และ Km2 เท่ากบั 165.40 ซึÉงบ่งชีÊว่ามีอย่างน้อย 2 ตําแหน่งทีÉ NK6 
ออกฤทธิ Íในการกระบวนการรกัษาสมดุลย์แคลเซีÉยมภายในเซลล์ เป็นทีÉน่าสนใจเป็นอย่างยิÉง เมืÉอ NK6 
สามารถลดผลของ nifedipine ต่อค่า calcium transient ซึÉงบ่งชีÊว่า NK6 น่าจะออกฤทธิ Íผ่านทางโปรตีน
ขนส่งแคลเซีÉยมชนิดแอล  นอกจากนีÊ NK6 ยงัสามารถเพิÉมฤทธิ Íของ ไรยาโนดีนและคาเฟอีนในการเพิÉม 
calcium transient บ่งชีÊว่า น่าจะมีโปรตีนตัวทีÉสองทีÉเป็นเป้าหมายของ NK6 ซึÉงก็คือตัวรบัชนิดไรยาโน
ดีน การทดลองแพทชแ์คลมป์พบว่า NK6 ยบัยงักระแสแคลเซยีมผ่านโปรตีนขนส่งชนิดแอลใน HEK 
เซลล์โดยไม่มีผลต่อโปรตีนขนส่งชนิดท ีพบการลดลงของระยะพลาโทของ cardiac action potential 



โดย NK6 ซึÉงยนืยนัการยบัยั Êงกระแสแคลเซยีม โปรตีนขนส่ง SERCA ไม่เกีÉยวขอ้งในกระบวนการนีÊ
เนืÉองจากการใช ้Thapsigargin ไม่เปลีÉยนผลในการเพิÉมแคลเซยีมภายในเซลล์ การศึกษานีÊจะเป็น
ประโยชน์พืÊนฐานในการพฒันายาช่วยเพิÉมแรงบบีตัวของหวัใจในผู้ป่วยหวัใจล้มเหลว 
คาํหลกั : พิษงูเห่า เซลลก์ล้ามเนืÊอหวัใจ การหดตวัของกล้ามเนืÊอหวัใจ การเพิÉมขึÊนของ
แคลเซียม 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



เนืÊอหางานวิจยั 
Introduction 
Although snake bites can be fatally, snake venoms become a valuable natural source of biological 
molecules that potentially to be developed into a novel drug. It is due to the fact that snake venom 
contains a vast variety of naturally bioactive molecules including nucleotides and proteins in which 
affecting many vital physiological systems. Naja kaouthia (NK), the most commonly snake found 
in Thailand, is unique among venomous snake because it can produce a large quantity of venom. 
The proteome of NK venom was revealed recently (Kulkeaw et al., 2007) and found to consist of 
peptides with 61 proteins matched in the database. These proteins were classified into 12 groups 
according to the differences in their biological activities.  Among these toxins, a group of 60–70 
amino acid polypeptides known as cytotoxins or cardiotoxins is interesting due to a wide variety 
of pharmacological actions such as haemolysis, depolarisation of muscles (Dufton and Hider, 
1988), muscle fusion, selective killing of certain type of tumour cells, inhibition of protein kinase 
C and muscle contraction (Kumar et al., 1996).  Although the structural and biochemical 
properties of cardiotoxins are well studied, little is known about its action on cardiac muscle 
function particularly at cellular level. CTX isolated from Naja simensis (spitting cobra) were studied 
well in vivo or ex vivo.  In isolated perfused rat heart, CTX seems to induce tonic contraction after 
a short term augmentation of twitch contractions (Sun and Walker, 1986). Similar results were 
obtained in the isolated guinea-pig papillary muscle (Harvey et al, 1982). In isolated skeletal and 
cardiac muscle preparations, purified CTX isolated from N. simensis demonstrated a contracture 
and depolarization.  

It was proposed that CTX may bind to the membrane and causes depolarization, which 
leads to calcium influx and/or release of calcium from the sarcoplasmic reticulum (SR) (Fletcher 
and Jiang, 1993). Moreover, the toxin may form membrane pores, which allow extracellular 
calcium to enter the muscle and cause contracture, and which cause depolarization and 
subsequent release of calcium from the SR (Harvey et al., 1982). In contrast, Chen and 
colleagues (2007) reported that the mechanisms of cytotoxicity by CTX is physically distant from 
its membrane damaging effect. This result suggests the other possible molecular target(s) on the 
membrane involved with calcium mobilization.  Within the author knowledge, CTX from N. 
kaouthia has not been tested yet for its effect and mechanism of action on cardiac myocytes. 
These resulted in lacking of knowledge and information of this toxin. The present study reported 



for the first time about the action of NK6, a cardiotoxin isolated from Naja kaouthia venom, and 
its mechanism of action in which blocked the voltage gated calcium channel. 

 
ระเบยีบวิธีทดลอง 

Materials and methods 
 Chemicals: All chemicals were purchased from Sigma-Aldrich and were of analytical 
grade. Acrylamide, Agarose, Bisacrylamide, Carboxymethyl (CM) cellulose, Coomassie brilliant 
blue, Ethylene diamine tetraacetic acid (EDTA), Fetal calf serum (FCS), HEPES, Heparin, L-
glutamine, Glutaraldehyde, Low molecular weight marker (66–6.5 kD), Penicillin, Phyto-
hemagglutinin (PHA), Proteinase K, DMEM medium, RIPA buffer, Sodium Dodecyl Sulphate 
(SDS), Streptomycin, Triton X 100, Tryphan blue, trypsin, Fura-2/AM, type I collagenase, 
Nifedipine, Ryanodine, Thapsigargin, Caffeine.  
  Animal: This study will conduct in accordance with the Guide for the Care and Use of 
Laboratory Animals and use protocols approved by the Institutional Animal Care and Use 
Committee, Chulalongkorn University. Rat ventricular myocytes were isolated from male healthy 
Sprague-Dawley rats weighing between 250-300 grams.  
Purification of toxin:  Lyophilized venom (500 mg) kindly provided by Queen Saovabha Memorial 
Institute (QMSI, Thailand) was dissolved in water and was loaded onto a CM-cellulose column 
equilibrated with phosphate buffer saline (pH 7.2). NK6 was separated and purified from the 
fraction six of venom from Naja kaouthia.  
Single cardiac myocyte isolation: Ventricular myocytes were isolated by modifying AFCS 
protocol (O’Donnell et al., 2007). Briefly, rat was anesthetized using with 1-3% isoflurane and 
100% O2. Deep pain reflex was checked to ensure that the rat was fully anesthetized. Aseptic 
technique was applied through the rest of experiment. Peritoneal cavity and chest was opened 
with a sharp scissor. The heart was cut and immediately placed the heart in a dish containing 10 
ml of perfusion buffer at room temperature. Then, the heart was cannulated and perfused with 
perfusion buffer for 4 min at 3 ml/min to remove the remaining blood clot in the chamber. Then, 
switch to myocyte digestion buffer containing 0.14 mg/ml trypsin and 12 μM CaCl2 and perfused 
for 10 minutes. The cell suspension was transferred to a 15-ml polypropylene conical tube and 



rinse with 2.5 ml of room temperature myocyte stopping buffer contained serum to inactivate 
proteases. Rod shape myocytes were reintroduced to calcium to the final concentration of 1mM. 
Freshly prepared myocytes were subjected for calcium transient and myocyte shortening 
measurement. 
Morphological evaluation: Rod-shaped cardiac myocytes were counted and observed for 
morphological changes using a hemocytometer and an inverted microscope (Olympus) before 
and after incubation with various concentration of cobra venom in PBS.  
Simultaneously measurement of calcium transient and myocyte shortening: Calcium 
transient was measured based on fluorescene photometry system (Ionoptix™). Freshly prepared 
myocytes were loaded with 2 μM Fura-2 AM containing 0.04% Pluronic F-127 for 20 min at room 
temperature, perfused with Tyrode solution, and stimulated at 1Hz with 30V using a 6 msec pulse 
duration. Ca2+ transient recordings were obtained by measuring fluorescence intensity at 
excitation and emission wavelengths of 410/485 nm respectively and analyzed using IonOptix 
software (IonOptix, LLC, Milton, MA). Myocytes shortening, an indirect measurement of cardiac 
myocyte contractility, was measured based on edge-detection software. Movement of the myocyte 
during contraction makes the cells become shortening. The displacement of cell membrane then 
can be detected and recorded using high-speed video microscope. Computer software with edge-
detection algorithm (IonOptix, LLC, Milton, MA) analyzed the displacement of the membrane and 
calculate for sarcomere length changed.  
Transient expression of recombinant calcium channels: 
HEK cells were cultivated in DMEM supplemented with 10% fetal bovine serum (Invitrogen). Hek 
cell transfection was performed using Lipofectamine® with a DNA mix containing the plasmid 
constructs that code for human Cav1.2 channel isoforms. The following cDNA sequences inserted 
in expression vectors were used (GenBank™ accession numbers are in parentheses): CaV1.2 
(M67515).  Two days after transfection, HEK cells were dissociated with Versen (Invitrogen), and 
plated at a density of ∼35 × 103 cells per 35 mm Petri dish for electrophysiological recordings. 
Electrophysiological recordings: 
Macroscopic currents were recorded at room temperature using an Axopatch 200B amplifier 
(Molecular Devices). For whole-cell experiments on recombinant calcium channel, the 



extracellular solution contained the following (in mM): 135 NaCl, 20 TEACl, 2 CaCl2, 1 MgCl2, 
and 10 HEPES (pH adjusted to 7.25 with KOH, ∼330 mOsm) and the internal solution contained 
the following (in mM): 140 CsCl, 10 EGTA, 10 HEPES, 3 Mg-ATP, 0.6 GTP, and 3 CaCl2 (pH 
adjusted to 7.25 with KOH, ∼315 mOsm). Same solutions were used for outside-out experiments, 
excepted that the intracellular medium contained no Mg-ATP. Borosilicate glass pipettes have a 
typical resistance of 1.5–2.5 MΩ. Recordings were filtered at 2–5 kHz. Data were analyzed using 
pCLAMP9 (Molecular Devices), and GraphPad Prism (GraphPad) software.  
Skinned cardiac trabeculae experiments 
  Right ventricular rat trabeculae were dissected, chemically permeabilized with Triton X-
100, and attached to T-clips as described previously (Tachampa et al., 2007). The simultaneous 
measurement of steady state isometric tension and myofibrillar ATPase activity over a range of 
free Ca2+ concentrations was conducted. Sarcomere length was set at 2.2 μm by laser diffraction. 
ATP hydrolysis was stoichiometrically coupled to NADH consumption, which was measured in a 
small cuvette (∼25 μl) via UV light absorption (340 nm). Ca2+ activation induced force 
development and concomitant consumption of NADH in the measurement chamber, the rate of 
which became constant during steady state force development. Trabeculae were activated over 
a range of free [Ca2+] to measure steady-state isometric tension and ATPase activity. Stiffness 
of myofilament was calculated from a slope between isometric tension and ATPase activity at a 
given tension. 
Data and statistical analysis 
  In the first experiment, exponential fit was applied for various doses of cobra venom vs 
calcium transient. Km and EC50 will be calculated based on exponential fit. Linear regression was 
fit for various doses of cobra venom vs myocyte shortening. Student paired t-test will be used to 
compare pre- and post-treatment of cobra venom. One-way analysis of variance (ANOVA) will 
be used for comparing the difference among the inhibitors treated groups. P-value < 0.05 will be 
considered statistically significant. Dunnett's Multiple Comparison Test were used to test the 
difference from control groups. Electrophysiology data are presented as the mean ± SEM, and 
compared using student t-tests or ANOVAS for multiple comparisons. n is the number of cells 
used. 
 



ผลการทดลองและบทวิจารณ์ 
Results and Discussion 

A. Isolation of NK6 from Thai cobra venom 

 
Figure 1. Fractionation of Thai cobra venoms by Resource® S cation exchange chromatography. 
Ten milligrams of the venom were injected into the column and eluted by a linear gradient (0 to 
0.8 M NaCl) Flow rate was 1 ml/minute. 
 N. kaouthia venom was applied on CM-cellulose column equilibrated with phosphate 
buffer and further purified by cation exchange chromatography. Chromatogram of N. kaouthia 
venom is shown Figure 1. Consistently with previous report (Yap et al., 2011), cardiotoxin was 
characterized by the last fraction (fraction 6) eluted by a linear gradient of NaCl and was named 
as NK6.  Purity of NK6 was confirmed as a single band in 12.5% SDS-PAGE (data not shown) 
with a molecular weight of 6.7 kDa. This protein is categorized as cardiotoxin reported previously 
(Kulekew et al., 2007 and Yap et al., 2011) 
         B. Effect of NK6 on Morphology of Cardiomyocyte 

The isolated rat ventricular cardiomyocytes were rod shape (>80%). There were 3 phases 
of cells in response to NK6. After adding NK6 in various concentration from 0.001- 1 µM, cells 
were contracted normal at the beginning followed by hyper-contractile state. Eventually, cells 
were changed from rod shape (Figure 2. left) to round shape cells (Figure 2. right). This result 
indicates calcium overload event that happen in sarcoplasm. Transformations of cardiomyocytes 
from rod-shape to round shape myocytes were time and dose-dependent (Figure 3).   



 
Figure 2. Rod shape cardiomyocyte (Left) and round shape cardiomyocyte after incubation with 
NK6. 
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Figure 3. Changes in the percentage of rod-shaped cells during incubation in the presence of 
various concentrations (as indicated in Figure legend) of NK6 in single ventricular myocytes.  
       C.  NK6 and Cardiomyocyte Function 
We speculated that NK6 might cause an increase in intracellular calcium in cardiomyocytes. To 
test this hypothesis, we simultaneously measured calcium transient and myocyte shortening. In 
the initial experiment, we added a high concentration of NK6 at 2 mM into the perfusate. Calcium 
transient was observed to be overshoot and myocyte shortening was increased strongly and 
eventually undetected (data not shown) due to disruption of the sarcomere pattern (Figure 2, 
right).    Then, a working concentration range of NK6 was established and assessed for kinetic 
properties of NK6 on calcium transient and myocyte shortening. Figure 4 showed the dose–
dependent changed in calcium transient. The relationship between calcium transient and 
concentration of NK6 was not linear but rather fit well with exponential plot. There were 2 phases 
of exponential association with Km 1 = 2.47 and Km 2 = 165.4 µM, respectively. This result 



suggested that there are two possible binding sites of NK6 to its proteins target(s) in 
cardiomyocytes. In addition, an effective concentration fifty (EC50) was 0.04 µM. The differences 
in binding affinities reflexed the different binding sites for NK6 with its target involving with calcium 
mobilization in cardiomyocytes. One with high affinity and another with lower affinity. To authors’ 
knowledge, there has been no report on the binding affinity of cardiotoxin in cardiomyocyte. 
Vernon and Roger (1992) reported the calculated affinity constants (Km) from the Scatchard plots 
ranged from 2.5 to 1.02 µM for the cardiotoxin in erythrocytes. The binding affinity of NK6 in 
cardiomyocytes were comparable to this previous report although there are differences in study 
model.  
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Figure 4: Dose dependent changed in calcium transient of cardiomyocytes (n=10) by NK6. Dose 
dependent changed in myocyte shortening were also investigated. As shown in Figure 5, 
percentage of sarcomere changed (i.e. Myocyte shortening) was linearly increased with an 
increased concentration of NK6. This result concomitant with an increase in calcium transient, 
since the strength of contraction is a function of calcium binding to myofilament proteins.   
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Figure 5: Dose dependent changed in myocyte shortening of cardiomyocytes (n=10) by NK6. 

D. Molecular targets of NK6 and Calcium homeostasis 
Regulation(s) of [Ca2+]i are the key step of cardiac muscle contraction and function. Under 

physiological condition, [Ca2+]i is kept at very low concentration (~ 0.1 µM) by storing in the 
sarcoplasmic reticulum (SR). Upon depolarization of sarcolemma membrane in T-Tubule, Ca2+ 
enters the cardiac cells through the voltage-gated calcium channel. The small amount of Ca2+ 
that entering the cell will result in the release of more Ca2+ from the SR through calcium released 
channel called “Ryanodine receptor” (RyR). This process is known as calcium-induced calcium 
release.  Relaxation of the cardiac muscle happen when [Ca2+]i fall down by pumping back to 
SERCA2 or extrude out of the cell in exchanged with Na+ by the sodium-calcium exchanger 
(NCX). Because NK6 was shown to interfere with calcium homeostasis in cardiomyocytes; 
therefore, we used pharmacological approach to test the indirect interaction of NK6 with channel 
proteins involved the calcium induced calcium released mechanism. As we proposed earlier that 
there might be at least two binding sites of NK6 on cardiomyocytes, we first focused on the 
voltage gated calcium channel, the main responsible channel for cardiomyocyte calcium 
mobilization. Firstly, an inhibitor of voltage-gated calcium channel, nifedipine, were used to block 
this channel in the presence of NK6. A representative tracing was shown in Figure 6. and 7. 
Nifedipine at concentration of 10 uM was shown to inhibit both calcium transient and myocyte 
shortening as expected. Interestingly, the effect of nifedipine was attenuated by continuing 
perfusion with 1uM of NK6. This result suggested that NK6 may competitively interact with voltage 
gated calcium channel with nifedipine. In this regard, it was proposed that cardiotoxin may 



interacts extracellularly with the plasma membrane at the level of the calcium channels in the rat 
aortic smooth muscle (Kwan et al., 2002). Our findings are strengthening the evidence that the 
target of cardiotoxin is the calcium channels. In addition, Crotoxin from South African rattle snake 
was reported to potentiate the L-type calcium currents and modulates the action potential of 
neonatal rat cardiomyocytes (Zhang et al., 2010) indicating the of nature of toxin from snake 
venom that may acts on calcium channels.  
 

 
 
 
Figure 6. A representative tracing of calcium transients (upper) and myocyte shortening (lower). 
Cell was perfused with Tyrode for 3 minutes as control then switched to Nifedipine 1 µM in Tyrode 
solution. After an effect of Nifedipine was observed, cell was further perfused with 1 uM NK6 until 
the effect was observed.  



 
Figure 7. NK6 attenuated the effect of 10 uM Nifedipine on calcium transient (upper) and myocyte 
shortening (lower). Ten myocytes were recorded in each groups. Data were presented as mean 
± SEM. * P< 0.05. 

Further investigation was performed to test whether NK6 has an action on the second 
possible target of NK6, the calcium release channel, we perfused myocytes with either a stimulant 
(Caffeine) or inhibitor (Ryanodine) in the presence with NK6. The effect of caffeine at 5 µM in the 
presence of NK6 1 µM was shown in Figure 8. It is well known that caffeine could open calcium 
release channel on the SR and cause and overshoot of calcium transient. This result is confirmed 
in Figure 8 (upper). Caffeine, however, affected the myocyte shortening by causing a contracture 
(Figure 8 lower-middle). A contracture of myocytes was due to too much of calcium existing in 
the sarcoplasm, hence the crossbridges were fully activated. Interestingly, after switching the 
solution from caffeine to 1 µM of NK6 in Tyrode, the calcium transient even further rises up. This 
result suggests that there might be other sources for calcium besides the sarcoplasmic reticulum 
and NK6 might induced the released of calcium from these sources. The average data was not 
shown since the calcium transient after CTX was overshoot and was unable to be numbered. 



 
Figure 8. A representative tracing of calcium transients (upper) and myocyte shortening (lower). 
Cell was perfused with Tyrode for 3 minutes as control then switched to Caffeine 5 µM in Tyrode 
solution. After an effect of caffeine was observed, cell was further perfused with 1 µM NK6 until 
the effect was observed.  
 On the other hand, the effect of Ryanodine, inhibitor of Ryanodine receptors, was also 
tested in the presence of NK6. Figure 9 shown representatives tracing of calcium transient and 
myocyte shortening after treated with Ryanodine (10 µM) and NK6 (1 µM). As expected, 
Ryanodine blocked calcium released from the SR and resulted in diminishing the calcium 
transient. Consequently, Myocyte shortening was also attenuated due to lack of calcium to 
activate the cross-bridges. Interestingly, although the Ryanodine receptors were blocked, 
continuing perfused myocyte with NK6 still resulted in a calcium transient overshoot. This result 
also confirmed that a rise up in intracellular calcium during NK6 perfusion might due to extra 
source of calcium storage. Our study further support previous study in which CTX from N. 
kaouthia was reported to modulate calcium released from terminal cisternae prep in human and 
equine skeletal muscle (Fletcher et al., 1993). There are two possibilities to explain a rise in 
calcium transient. The first one is the Ryanodine receptor might be one of the target of NK6 
because NK6 might potentiate the calcium release through opening of Ryranodine receptor. The 
latter possibility is there are addition sources of calcium that might be activated by NK6 either 
from outside or inside the cells.  Myocyte shortening were unmeasurable due to calcium overload. 
This result is consistent in 10 myocytes tested but the average data was not shown.  



 
Figure 9. A representative tracing of calcium transients (upper) and myocyte shortening (lower). 
Cell was perfused with Tyrode for 3 minutes as control then switched to Ryanodine 10 µM in 
Tyrode solution. After an effect of Ryanodine was observed, cell was further perfused with 1 µM 
NK6 until the effect was observed.  

In order to test whether calcium pump on the SR (SERCA) involved with the action of 
NK6, Thapsigargin was used to test for the NK6 on calcium transient and myocyte shortening. 
The decline of calcium transient is known by the major action of SERCA in which pump calcium 
back to store in the SR. Thapsigargin is known as an inhibitor of SERCA activity. The effect of 
Thapsigargin and NK6 perfusion on myocyte was shown in Figure 10. Perfusion the myocyte with 
5 µM of Thapsigargin resulted in a diminished of calcium transient. This result can be explained 
by lacking of calcium stored in the SR due to a blockage of SERCA. Myocyte shortening was 
also diminished since calcium was not transported back into SR and may extrude out of the cell 
via Na+/H+ exchanger. When NK6 was perfused into the cell, calcium transient was abruptly 
increased and myocyte shortening was disorganized due to calcium overloaded in the cells. This 
result imply that NK6 either block SERCA or NK6 has no effect on SERCA but the calcium 
transient increased because of the release of calcium from other sources. To investigate this 
speculation, we also measured time to 70% calcium decay (Tau). The decline phase of calcium 
transient mainly comes from the uptake of calcium into SR via SR Ca2+-ATPase (SERCA). Tau 
represents how fast calcium will reuptake into the SR. As shown in Figure 11., dose-responses 
curve of Tau by NK6 fit well with one-phase exponential decay plot with a single Ki of 22.37 



msec. This suggests that NK6 might interact with SERCA and this interaction resulted in an 
increase speed of calcium reuptake by SERCA.  
 

 
 
Figure 10. A representative tracing of calcium transients (upper) and myocyte shortening 
(lower). Cell was perfused with Tyrode for 3 minutes as control then switched to Thapsigargin 
(5 µM) in Tyrode solution. After an effect of Thapsigargin was observed, cell was further 
perfused with 1 µM NK6 until the effect was observed.  
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Figure 11. Dose-dependent changed in time to 70% calcium decay (Tau) by NK6. 



  
 E. NK6 Inhibit Voltage-Gated Calcium Channel 

To test whether NK6 directly interact with voltage gated calcium channel, we employed 
patch-clamp experiment in HEK cells transiently expressed Cav1.2. As shown in Figure 12, 
NK6 inhibit calcium current through L-type calcium channel in dose dependent manner and 
almost totally block the current at 1 µM. This is the first evidence ever to report the direct action 
of cardiotoxin on calcium channel in cardiomyocyte. The effect of NK6 on L-type calcium 
current was also compared with cardiotoxin 3 (CTX3) from N. mosambiqueca. NK6 has more 
potent action when compare at also 1 µM (Figure 12; Triangle). 

 
 
Figure 12. Dose response of L-type calcium current in percentage. NK 6 @ various 
concentration was applied on HEK cells expressed human L-type current Cav1.2 (n =5). 



 
Figure 13. Voltage-clamp experiment: The -60 ICa-L protocol (left), cell was pre-pulse at -60 mV 
before changed to different voltages (from -60 mV to +30 mV). Black line represent control current 
and Red line represent calcium current with NK6. Calcium currents from L-type Cav channels 
were mostly activate. The -90 ICa-T protocol (right) cell were prepulse at -90 mV and mostly Ca 
currents from T-type Cav channels was activate. Upper panel is L-type calcium current and lower 
is T-type calcium channel.  
 We further utilized voltage-clamp experiment to extend the mechanism of NK6 on calcium 
channel. Figure 13, I-V plot of L-type calcium current only was recorded with -60 ICa-L protocol. 
It was clearly shown that NK6 inhibit L-type calcium current. (Figure 13: upper left panel).  On 
the other hand, NK6 had no effect on T-type calcium current as shown in Figure 13. (Lower 
panel). This result suggest that NK6 selectively decrease of Cav-L currents, without affecting T-
type calcium channel.  



 
Figure 14. Current-clamp configuration, (A) steps of current injections in order to hyperpolarize 
the cell. (B) Action potential was measured after the end of the hyperpolarizing step (after the 
induced depolarization). (C) A representative of single action potential. Control (left) was 
compared with NK6 treated cells at 1 µM (right). 
 Measurement of action potential in current clamp experiment confirmed the selective 
blocking of L-type calcium channel. Figure 14 (B) demonstrated a delay in action potential time 
after the cells were treated with NK6 at 1 µM due to a less excitability as it took more time to 
initialize the action potential. In addition, a plateau phase of action potential was also declined 
because of the inhibition of calcium current. 
 F. Effects of NK6 on myofilament maximum tension, maximum ATPase, and Stiffness 
 To test whether NK6 has direct effect on cardiac myofilament, a skinned fiber experiment 
following by simultaneously measurement of maximum force and ATPase was performed. 
Basically, plasma membrane of cardiac trabeculae was removed by detergent; therefore, the only 
remaining in the experiment chamber was the myofilament. The effect of NK6 was tested by 
adding NK6 at various concentrations into the calcium solution in which bathing the skinned 
cardiac trabeculae. Figure 15(A) showed a decrease in normalized maximum force of cardiac 
trabeculae by 5-8% at the dosage of NK6 from 5-100 ug/ml. This result indicated that NK6 has 
a direct effect albeit, slightly on cardiac myofilament. However, NK6 has no effect on maximum 
ATPase rate activity as shown in figure 15 (B). The stiffness of myofilament was also obtained 



and show on figure 15 (C). The stiffness of myofilaments was decreased in dose dependent 
manner from 9-11% at the dosage of NK6 from 5-100 ug/ml. This indicate less crossbridges were 
activates resulted from a decreased in maximum force development. It has been widely known 
that most of the toxin from snake have effect on ion channels. Interestingly, this is the first 
evidence demonstrate that NK6 from cobra has a straight effect on non-ion channel intracellular 
proteins. Further study need to elucidated this pathway.  
 

 

 
Figure 15: Effect of various concentration of NK6 on (A) Maximum force, (B) Maximum ATPase, 
(C) Stifness (n=3 in each groups; * P<0.05) 
 It may be concluded that NK6 purified from Thai N.kaouthia venom is a multi-action toxin 
in which a report here identified at least three targets. First, results in this report pointed out to 
the voltage gated calcium channel. We showed that NK6 interacted with this calcium channel. In 



addition, NK6 was proofed to inhibit the exclusively to the L-type but not the T-type calcium 
channel. The ryanodine receptor are the second possible targets of NK6 in which NK6 may 
opened this channel as shown by an increase of calcium transient either with activator or inhibitor.  
However, NK6 may also open another unidentified yet source of calcium storage because 
although caffeine already emptied the SR, calcium transient was still being able to augmented by 
NK6. In this regards, extracellular source of calcium may be the candidate because there are 
some previous reports proposed that cardiotoxins may act as an ionophore on the plasma 
membrane (Fletcher et al, 1993 and Kumar et al.,1997). In contrast, Chen et al., 2007 reported 
also that the membrane damaging effect of cardiotoxin is not the main mechanism of cytotoxicity 
and there must be protein(s) target on the membrane. Our results fits well with this assumption. 
Eventually, the SERCA may be another target for the action of NK6. However, it required to be 
further studied. Another possible sources in which did not test in the present study is the 
mitochondria.  Cardiotoxin III from Taiwan cobra was reported to disrupted mitochondrial 
membrane and released calcium in H9C2 cells (Wang et al., 2005). Whether this finding valid 
with our study need to be verified since there are a different in a study model. Consequently, 
further investigation is needed to elucidate the unknown additional source of calcium in myocytes. 
Interestingly, besides the effect on ion channels, NK6 was found here to effect directly on the 
myofilament proteins (i.e., action and myosin) resulted in decreased maximum force and stiffness 
without affecting maximum myosin ATPase activity. However, we do not know if this effect 
required phospholyration of myofilament protein. Further experiments need to elucidated.  Since 
this molecule has multifunction, it might be interesting to establish linking mechanism of each 
activity. This experiment will provide the basis of NK6 action on cardiomyocyte that may benefit 
in the development of cardiovascular drugs aid to relieve the symptom in heart failure patient. 
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