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ABSTRACT

Objectives: Cleistanthins A and B are the active compounds isolated from
Cleistanthus collinus leaves. The hypotensive activity of both cleistanthins
A and B and the leaf extract has been previously demonstrated, but the
exact mechanism of action is not clear. So, this study was designed to
test the vasorelaxant property of cleistanthins A and B and delineate its
mechanism of action. Methods: Variable force transducers were used to
record the force of contraction from the aortic rings of 24 male guinea
pigs. The effect of cleistanthin A, cleistanthin B, prazosin and vehicle on
the phenylephrine-induced contractions and potassium chloride-induced
contractions was demonstrated and compared. Results: Cleistanthin B
inhibited the phenylephrine-induced contractions in a dose-dependent
manner and demonstrated potency (pIC,; = 6.8 + 1.06) comparable
to prazosin (pIC,, = 6.7 = 0.7). Cleistanthin A potency could not be
calculated. Both cleistanthin A (4 ug) and cleistanthin B (40 ug) caused
a reduction of the maximal response of phenylephrine demonstrating
irreversible blockade. They did not affect the potassium chloride-induced

INTRODUCTION

Cleistanthus collinus [Family: Phyllanthaceae] leaves are notorious
for being commonly used as a suicidal agent in southern states of
India with many case reports describing the same.'* The multisystem
involvement and electrolyte disturbances (specifically hypokalemia) are
the most common features of toxicity.”” Some patients have developed
severe hypotension not reversed even with strong vasoactive agents.'?
Supportive management with correction of electrolyte imbalance is the
mainstay of treatment as no antidote exists.”

Search for the active constituents in Cleistanthus collinus leaves
responsible for its toxicity led to the identification, isolation and
purification of two dyphylline glycosides, cleistanthins A and B.%'
Most toxic manifestations of Cleistanthus collinus poisoning have been
successfully linked to cleistanthins A and B, but what has spurred the
interest in these novel compounds is their cytotoxic potential.’* In
vitro and in vivo data suggest promising anticancer, antimicrobial and
larvicidal activities as well.*’7 However, hypotension caused in patients
of Cleistanthus collinus poisoning is concerning. The therapeutic
potential of these can be affected by the off-target hypotensive effects.
The mechanism of hypotension is not well understood. On the other
hand, due to the hypotensive effects, cleistanthins A and B have been
tried in animal models of hypertension with success and could also
reduce blood pressure in anaesthetized rats.’*?° Thus, a detailed study of
the mechanism of hypotension is of interest.

Although H*-ATPase blockade is the responsible mechanism for
most of the actions of cleistanthins A and B and the manifestations of
Cleistanthus collinus poisoning, it does not explain the hypotension
produced.”* The ability of cleistanthins A and B to relax guinea pig vas

contractions. This illustrates that cleistanthins A and B are noncompetitive
a, adrenergic blockers and the potency of cleistanthin B is comparable to
prazosin. Conclusion: Both cleistanthins A and B have vasodilatory action
on guinea pig aorta. The action is through non-competitive «, adrenergic
receptor inhibition and calcium channel blockade does not contribute to
the inhibition.
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deferens, a tissue rich in a, adrenergic receptors, points to «, adrenergic
receptor blockade as a possible mechanism.”* However, nonspecific
calcium channel blockade can also lead to smooth muscle relaxation and
has to be ruled out.*?% The nature and potency of this blockade have
also not been characterized. The leaf extract of Cleistanthus collinus
has been reported to relax the guinea pig aorta, but a similar effect
of cleistanthins A and B on the aorta is yet to be demonstrated.” Leaf
extract of Cleistanthus collinus contains more than 30 compounds and it
is difficult to attribute this effect to cleistanthins A and B unless we study
their effects on the aorta independently.® Functional tissue experiments
with guinea pig aortic rings can address the above issues efficiently.
Inhibition of phenylephrine-induced contractions can provide evidence
for a, adrenergic antagonism and the absence of inhibition of potassium
chloride-induced contractions can be used to rule out calcium channel
blockade.”?

Thus, our study was designed to measure the degree of inhibition by
cleistanthins A and B on phenylephrine-induced guinea pig aortic ring
contractions and to compare their potency with prazosin in doing so.
Also, an attempt has been made to rule out a possible calcium channel
blocking the action of cleistanthins A and B by studying its action on
potassium chloride-induced contractions.

MATERIALS AND METHODS

Test compounds, drugs and solutions

Cleistanthins A and B were isolated from the acetone extract of
Cleistanthus collinus leaves as described by Parasuraman et al. (2009).%
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Solutions of Cleistanthins A and B were prepared by diluting concentrated
solutions of cleistanthins A and B in absolute ethanol with distilled
water to obtain desired concentrations. Phenylephrine and prazosin
pure powder were purchased from Sigma-Aldrich (Missouri, USA).
Distilled water was used as the solvent to prepare desired concentrations
of phenylephrine and prazosin solutions. Potassium chloride (KCl) and
reagents for the Kreb’s-Henseleit solution used in the tissue experiment
were procured from Merck chemicals (India). Kreb’s-Henseleit solution
used in the experiment was prepared by adding sodium chloride
(118mM), potassium chloride (4.7 mM), sodium hydrogen carbonate
(25 mM), potassium dihydrogen orthophosphate (1.2 mM), dextrose
(11.1 mM), magnesium sulfate (1.2 mM) and calcium chloride (2.5 mM)
to distilled water.

Study groups and Animals

Approval for the study was obtained before the study from the Institute
Animal Ethics Committee (IAEC), JIPMER, India. Healthy male guinea
pigs weighing 300-400 g obtained from the central animal house
(JIPMER, India) were used in the study. The animals were kept under
standard laboratory conditions, with food and water ad libitum. A total of
twenty-four guinea pigs were randomly divided into four groups with six
animals in each group. The four groups used are, Group A (cleistanthin
A group), Group B (cleistanthin B group), Group C (prazosin group) and
Group D (vehicle control group).

Isolated tissue experiment

The guinea pigs were sacrificed by exsanguination and dissected to
harvest the thoracic aorta. The dissected aortic tissue was then placed in a
petri dish containing Kreb’s-Henseleit buffer solution as the physiological
salt solution (PSS). The aortic tissue was then cut carefully into rings
measuring 1-2 cm in length. With the help of two L-shaped metal
hooks, each ring was placed inside a 40 ml tissue bath containing PSS
maintained at 37°C and aerated with carbogen (95% O, + 5% CO,) gas.
The tension in the rings was measured using variable force transducers
(Biopac data acquisition system). A standard resting tension of 2 g for 2
h was used to allow full relaxation. The baseline was recorded and the
relaxed tissue was subjected to the test protocols. The tissues from each
animal in groups A and B were subjected to three protocols (inhibition
of phenylephrine-induced contractions, prevention of phenylephrine-
induced contractions and inhibition of potassium chloride-induced
contractions) while groups C and D were subjected to only 2 protocols
(inhibition of phenylephrine-induced contractions and prevention of
phenylephrine-induced contractions). A fresh aortic ring was used for
each protocol.

Inhibition of phenylephrine-induced contractions
(curative protocol)

In this protocol, the ability of the test drugs to relax aortic tissues pre-
contracted with phenylephrine was assessed. Each of the relaxed aortic
rings in this protocol was subjected to a phenylephrine concentration
of 1.5 M in the tissue bath to induce maximal contraction. After the
response had stabilized, increasing doses of the test drugs (cleistanthins
A and B, prazosin or vehicle control based on the group being studied)
were added 12 min apart to relax the fully contracted tissue sequentially.
The final concentration in the tissue bath after each such dose was noted.
This was repeated till maximal inhibition was achieved or the maximal
permissible volume to be added to the tissue bath (5% of tissue bath
volume) was achieved. A dose-response curve was obtained by plotting
the percentage response against the log concentration of the test drug.
The final concentration of the test drugs in the tissue bath required to
inhibit 50% of the contraction (IC, ) was calculated and compared.
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Prevention of phenylephrine-induced contractions
(preventive protocol)

In this protocol, the graded phenylephrine dose response curves
obtained before and after adding the test drug were compared. The
graded phenylephrine dose response curves were obtained by adding
incremental doses of phenylephrine to the relaxed tissue 6 min apart
and plotting the percentage response obtained against the concentration
of phenylephrine in the tissue bath after each dose. The tissue was then
relaxed completely by frequent washing. Then it was incubated with
the test drug (cleistanthin A, cleistanthin B, prazosin or vehicle control
based on the group being studied) for 45 min following which the
graded phenylephrine dose response curve was repeated. The percentage
response at each concentration before and after adding the test drugs
was plotted against the log dose of phenylephrine and compared. The
concentration of phenylephrine eliciting 50% of the maximal response
before (EC,, before the test) and after (EC, after test) adding the test
drug was noted.

Inhibition of potassium chloride-induced contractions
The fully relaxed aortic rings were contracted by using potassium
chloride instead of phenylephrine. The physiological salt solution
in the tissue baths containing the aortic rings was replaced with a
physiological salt solution containing a high concentration of potassium
chloride (80 mEq) to induce the contractions. The contraction of the
tissue was allowed to stabilize before starting the challenge with the test
compounds. The response was noted and increasing doses of the test
compounds (cleistanthin A or B) were added in the tissue bath at a time
interval of 12 min to achieve desired incremental concentrations of the
test compounds in the tissue bath. The response at the end of 12 min
was noted before the next dose. The concentrations of cleistanthins A
or B used in this protocol were the same as that used for phenylephrine-
induced contractions in the curative protocol. To demonstrate the role
of calcium channel blockers in the inhibition of potassium chloride-
induced contractions two aortic rings precontracted with potassium
chloride were relaxed with increasing doses of diltiazem, a calcium
channel blocker.

Data Analysis

The responses at each dose were converted to the percentage of maximal
response for all protocols and were expressed as mean + standard error
of the mean. Comparisons between the groups at each dose were made
using Two-way repeated-measures ANOVA with Bonferroni’s post-hoc
test for multiple comparisons. The IC,  values obtained from the curative
protocol were log-transformed to pIC_ (negative logarithm of IC,)) to
attain normal distribution of data. The pIC, values were expressed as
mean * standard deviation and were compared between the groups using
the Student’s t-test. A p value of less than 0.05 was considered significant.
GraphPad Prism ver 8.3.1 was used for the analysis of data.

RESULTS

Cleistanthins A and B and vehicle contracted the guinea pig aortic rings
independently in a dose-dependent manner. The dose response curves
for the three based on the ethanol content are displayed in Figure 1. The
responses produced by all three were inhibited by prazosin.

Inhibition of phenylephrine-induced contractions

The effect of cleistanthins A and B on the guinea pig aortic tissue pre-
contracted with phenylephrine is demonstrated by Figures 2 (a,b,c).
The values plotted in Figure 2 are mean values from 6 aortic rings for
each. Prazosin and cleistanthin B relaxed the precontracted aortic
rings completely (Figure 2b) whereas cleistanthin A failed to do so in
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the available concentration range (Figure 2a). An inhibitory trend was
seen with cleistanthin A but it was not statistically significant.The IC_|
of cleistanthin A could not be calculated with the available results.
Thus, it could not be compared with prazosin. The pIC_ of cleistanthin
B was 5.721 + 0.6974 (mean + standard deviation). The derived IC_j of
cleistanthin B was approximately 10 times that of prazosin, but their
pIC,, values were not statistically different (Table 1). The IC, was
derived from the mean pIC, value. The relative inhibition produced by
cleistanthin A, cleistanthin B and prazosin relative to the vehicle control
is demonstrated in Figure 2c.

Prevention of phenylephrine-induced contractions

The final concentration of the test compounds in the tissue bath was as
follows, cleistanthin A (185 nM), cleistanthin B (2.3 uM), prazosin (65.2
nM) and vehicle control (50 ul of 10% ethanol). Prazosin demonstrated
a characteristic parallel shift of the phenylephrine dose response curve
to the right (Figure 3e). Cleistanthin A demonstrated a slight shift to
the right and also led to the depression of the maximal response (Figure
3a). Concentrations higher than 185 nM did not show any shift of the
phenylephrine curves or reduction of the maximal response (Figure
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Figure 1: Dose response curve showing the agonistic response of cleistan-
thin A, cleistanthin B and vehicle control on the isolated aortic rings of
guinea pig when matched for their ethanol content.

(N=1 for each) CIA = Cleistanthin A; CIB = cleistanthin B; vehicle = vehicle
control

Table 1: Comparison of potency of cleistanthin B with prazosin in
relaxing the phenylephrine precontracted aortic rings using IC, |
values

S.No Parameters Prazosin Cleistanthin B Pvalue
6.752 +
1 pIC,, (mean + SD) 1.064 5.721 £0.6974 0.0753
Calculated IC, P 5
2 (ML) 1.77 X 10 1.9X 10
3. Potency ratio 1 0.093

pIC,, is the negative logarithm of the IC, values.

pIC,, values were obtained by log transforming the IC_; values for individual
tissues (N=6) to achieve normal distribution. pIC, was expressed as mean
+ SD. The calculated IC, is the antilog of mean pIC, . The pIC, values were
compared between the groups using the Student’s t-test.

Potency ratio = Calculated IC, of prazosin/ Calculated IC_ of cleistanthin B.

It denotes that cleistanthin B is 0.093 times as potent as prazosin in inhibiting
phenylephrine induced contractions in guinea pig aorta.
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3b). Cleistanthin B strongly depressed the maximal response produced
by phenylephrine at a working concentration of 2.3 uM (Figure 3c).
At a higher concentration of 23 uM, cleistanthin B almost completely
suppressed any response with phenylephrine (Figure 3d). Though the
maximal response was suppressed at 2.3 uM dose of cleistanthin B, there
was an overlapping of curves and no discernible right shift. Also, there
was a sustained response observed when cleistanthin B solution was
added to the tissue bath during equilibration leading to a left shift of the
initial part of the curves (Figure 3c). These aberrant responses were most
likely caused by the interaction of vehicle ethanol with vascular tissue.
This left shift was also seen in the preventive curves of vehicle control
(Figure 3f).

Inhibition of potassium chloride-induced contractions

Neither cleistanthin A nor cleistanthin B had any effect on the potassium
chloride-induced contractions (Figure 4a and 4b). In Figure 4a, the
effect of cleistanthin A on potassium chloride induced contractions
and phenylephrine induced contractions were compared. Only the last
dose (37 uM) showed a statistically significant difference (p<0.05). The
inhibitory effect of cleistanthin B was more profound on phenylephrine
induced contractions and was absent on potassium chloride-induced
contractions (p<0.001). The relation is demonstrated in Figure 4b. Figure
4c compares the effect of cleistanthin A, cleistanthin B and diltiazem on
potassium chloride induced contractions. Diltiazem, a calcium channel
blocker relaxed the tissue precontracted with potassium chloride
whereas cleistanthins A and B had no effect.

a) Inhibition curve for cleistanthin A
vs vehicle

b} Inhibition curve for cleistanthin B vs
vehicle
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Figure 2: Dose response curves demonstrating the effect of test compounds on
the phenylephrine induced contractions compared to vehicle control. The Fig-
ures demonstrate the effect of (a) cleistanthin A vs vehicle control(n=6) and (b)
cleistanthin B vs vehicle control(n=6), and (c) comparison between cleistanthin
A, cleistanthin B, prazosin and vehicle with doses in moles per liter on the phen-
ylephrine induced contractions of curative protocol in guinea pig aortic rings.
Two-way repeated measures ANOVA with bonferroni’s post hoc was used for
the comparison in Figures 2(a) and (b). Cleistanthin B produced significant
reduction in response. * indicates p<0.05 and ** indicates p<0.001. CIA =
cleistanthin A; CIB = cleistanthin B; Vehicle = vehicle control.
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Figure 3: Preventive dose response curves demonstrating the effect of (a)
low dose cleistanthin A (N=6), (b) high dose cleistanthin A (N=2), (c) low dose
cleistanthin B (N=6), (d) high dose cleistanthin B (N=2), (e) prazosin (N=6) and
(f) vehicle control (N=6) on the phenylephrine dose response curves.

DISCUSSION

In the protocol where the relaxation of aortic tissues precontracted
with phenylephrine was tested, cleistanthin B fully relaxed the tissues
whereas cleistanthin A failed to do so. However, most of the tissues
treated with cleistanthin A displayed an initial dip in the curve followed
by an increase in contraction (Figure S1). Prazosin is a highly potent
a, adrenergic blocker and cleistanthin B potency ratio is 0.093 times
(based on derived IC, values in Table 1) that of prazosin making it a
very potent a, blocker but the difference between the pIC,  values was
not statistically significant (Table 1). The potency of cleistanthin A could
not be demonstrated as it did not reach 50% inhibition. The guinea pig
aortic rings primarily contain a, adrenoceptors postsynaptically.* Thus,
the ability of cleistanthin B to relax the aortic rings pre-contracted with
phenylephrine points to a, adrenoceptor inhibition. This inhibition
in guinea pig aortic tissues has been demonstrated with Cleistanthus
collinus leaf extract® The hypotensive response of both compounds
has been demonstrated in vivo in rats.'® Also, in vitro studies in
guinea pig vas deferens with cleistanthins A and B provide additional
evidence towards o, adrenergic receptor blockade.” Another study
from our lab has also demonstrated that cleistanthins A and B inhibit
both a, adrenergic receptors (in jejunum) and a, adrenergic receptors
(in platelets) in rats.*® But in our experiment, cleistanthin A did not
demonstrate a significant inhibition in the dose ranges used. The reason
for this might be the fact that the lower concentration of cleistanthin A in
the solution and higher concentration of ethanol might have interfered
in the inhibition process leading to an altered response. As reported in
some previous studies, ethanol is not inert and increases the sensitivity
of aortic tissue to phenylephrine.*>** The same was corroborated in our
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Figure 4: Inhibitory curves demonstrating the effect of (a) cleistanthin A and
(b)cleistanthin B on the KCl induced contractions compared to its effect on
the phenylephrine induced contractions and (c) cleistanthin A and cleistan-
thin B against diltiazem on KCl induced contractions. (N=6 for cleistanthin A
and B but N=1 for diltiazem).

Two-way repeated measures ANOVA with Bonferroni’s post hoc was used for
the comparison in Figures 4(a) and (b). * indicates p<0.05 and ** indicates
p<0.001. CIA = cleistanthin A; CIB = cleistanthin B; Vehicle = vehicle control
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Supplement 1: Effect of cleistanthin A on phenylephrine induced
contractions in each of the 6 guinea pig aortic rings (a-f).

The concentration of cleistanthin A added in the tissue bath was expressed in
mg/ml and converted to log dose and plotted against percentage response.
Bath volume =40 ml.

study as cleistanthin A, cleistanthin B and vehicle control independently
contracted the guinea pig aortic rings due to the solvent (Figures
1 and Figure 3f). It is worth noting that when the doses of the three
were matched based on the ethanol content of the added solution; the
responses were similar (Figure 1) and easily reversed by prazosin. This
finding is in contrast to studies of cleistanthins A and B on guinea pig
vas deferens where they did not report such a response with ethanol as
the solvent.* This is probably because aortic tissues are more sensitive to
ethanol than vas deferens. This suggests that the contractions are due to
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the ethanol in which the two compounds are dissolved. The cleistanthin
A treated precontracted tissues did show an initial dip in the curves
which was abolished at higher concentration. This dip coincides with
the inhibition curve of cleistanthin B when plotted together (Figure 2c)
and is not seen in potassium chloride-induced contractions. So, it can
be speculated that cleistanthin A does relax the tissues precontracted
with phenylephrine like cleistanthin B with similar potency but due to
its poorer solubility, the higher concentration of ethanol in the solvent
interferes with the inhibition.

In the protocol involving the prevention of phenylephrine contraction,
cleistanthin A demonstrated o adrenergic blockade by shifting the
phenylephrine dose response curve to the right and suppressing the
maximal response at a concentration of 185 nM. The depression of
maximal response was also seen with cleistanthin B at 2.3 uM. This
suggests that both are noncompetitive blockers of a adrenergic receptors.
This explains why Cleistanthus collinus poisoning causes hypotension
resistance to inotropes as reported in some case reports.’ But like the
curative method, the response with cleistanthin A was inconsistent due
to the interaction of the solvent ethanol. At higher concentration, i.e.
1.85 uM it failed to display any right shift or suppression of maximal
response with a slight shift to the left (Figure 3b). Concentrations higher
than this could not be achieved due to poor solubility of cleistanthin
A. A similar leftward shift of the phenylephrine curve after adding
vehicle control (ethanol 50 pl of 10% ethanol) provides evidence of this
interaction produced by ethanol. The ethanol affected the phenylephrine
prevention curves of cleistanthin B (2.3 uM) too, as the characteristic
shift to the right was distorted due to crossing of the curves (Figure
4c¢) but the inhibition of maximal response was prominent. In previous
studies of cleistanthins A and B on guinea pig vas deferens, a right shift of
the phenylephrine curve was observed.” Because of the higher solubility
of cleistanthin B a higher concentration could be achieved and at 23 uM
concentration, it reduced the maximal response to 20% of its original
demonstrating a consistent dose-dependent non-competitive response.
In contrast to cleistanthins A and B, prazosin demonstrated a classical
competitive inhibitory curve with a parallel shift to right and sustained
maximal response (Figure 3e). The calculation of the antagonist
equilibrium constants (K,) was not attempted as the separation of the
preventive curves was minimal owing to the alteration of the curves by
ethanol. Any attempt at the derivation of K, from the curves would give
erroneous results. The effect of cleistanthins A and B were also studied on
potassium chloride- induced contractions to exclude the role of calcium
channel blockade in the inhibition produced. Calcium channel blockers
have been shown to inhibit potassium chloride induced contractions.”
This fact was also demonstrated by using diltiazem in one aortic ring
(Figure 4c). Both cleistanthin A and cleistanthin B failed to relax the
tissue pre-contracted with potassium chloride at the doses that produced
relaxation in phenylephrine contracted tissues (Figure 4a and b). In the
case of cleistanthin B, the lack of response was obvious. However, the
difference between the effect of cleistanthin A on potassium chloride and
phenylephrine-induced contractions was statistically different only at
the last dose. This is because ethanol affects the phenylephrine induced
contractions and not the potassium chloride-induced contractions.*
Thus, the inhibition of phenylephrine induced contractions was delayed
till a higher concentration of cleistanthin A was achieved. These findings
suggest that cleistanthins A and B act by irreversibly inhibiting a,
adrenergic receptors and not by blocking voltage-gated calcium channels.
The choice of ethanol as the solvent was a major limitation of the study.
It interfered with all the responses leading to altered responses with both
cleistanthins A and B. Ethanol was chosen because cleistanthin A and
B were not soluble in most common solvents and in previous studies
ethanol was used as the solvent.**
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Considering the interest in the anticancer potential of cleistanthins A
and B and their derivatives, this data reveals an important off-target effect
that needs to be addressed. Also, this vasodilatory non-competitive a,-
adrenergic property may prove useful in the treatment of conditions like
severe hypertension and benign prostatic hyperplasia (provided similar
action is demonstrated in the urinary tract). More importantly, this
finding helps us understand the mechanism behind the hypotension in
Cleistanthus collinus poisoning which has been associated with increased
mortality.! This might aid us in our search for an effective antidote for
Cleistanthus collinus poisoning. To explore the therapeutic and toxic
potential of these compounds, we need a detailed understanding of the
actions of cleistanthins A and B and their derivative compounds.

CONCLUSION

Both cleistanthins A and B have vasodilatory action on guinea pig aorta.
The action is through a, adrenergic receptor inhibition and calcium
channel blockade does not contribute to the inhibition. They non-
competitively inhibit the o, adrenergic receptors in guinea pig aorta. The
inhibition produced by cleistanthin B is comparable to prazosin.
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ABBREVIATIONS

EC,: Effective phenylephrine concentration eliciting 50 % of the
maximal response; IC_: Antagonist concentration inhibiting the
maximal response by 50 %; K: Antagonist equilibrium constants; KCI:
Potassium chloride; pIC_: Negative logarithm of IC, ; PSS: Physiological
salt solution.
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