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Cardiac safety evaluation of berberine combining with
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Abstract: Drug-induced cardiotoxicity is a serious concern in recent years, and acquired long QT syndrome
(LQTS) is an important manifestation of cardiotoxicity. hERG gene encodes the « subunit of the rapidly activated
delayed rectifier potassium channel (Ikr), which plays an important role in action potential phase 3 repolarization.
Drug inhibition of Ikr/hERG channel leads to prolonged QT interval, accompanied by Tdp malignant arrhythmia,
which can cause sudden death. We studied the effect of berberines on the hERG K* channels after combination
with rosuvastatin and glibenclamide, and evaluated the cardiac safety of these drugs in combination. Whole cell
patch clamp technique was used to detect the effect of the combinations of these drugs on hERG current on HEK293
cells stably expressing hERG gene. The results showed that the inhibitory effects of berberine or dihydroberberberine
combined with rosuvastatin on hERG current were higher than single drug (P<0.05), but the combination had no
effect on the kinetics of hERG channel. Berberine or dihydroberberberine combined with glibenclamide had higher
inhibitory effects on hERG current than the application of single drug (P<0.05) while the time constant of hERG
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channel inactivation was shortened after the combination (P<0.05). In addition, the combination of berberine
and glibenclamide inhibited hERG channel activation (P<0.05). In conclusion, our results demonstrated that
the combination of berberine with rosuvastatin or glibenclamide significantly inhibited hERG current and the
inhibition effects were higher than the application alone. Therefore, when the two drugs that have inhibitory effects
on the hERG channel are combined, the risk of inducing prolonged QT interval is significantly increased, and

therefore reducing cardiac safety.
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Figure 1  The inhibition of berberine (BBR), glyburide (Gly) and the combination of BBR with Gly on the hERG currents after instanta-
neous perfusion. Voltage clamp protocol and representative current traces before and after exposure to 3 umol-L* BBR, 50 umol-L* Gly

and the combination (A). The normalized |-V relationships tail currents in the absence and presence of drugs (B). n = 10, x = SEM. "P<0.05

vs control (Ctrl)
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Figure 2 The effects of BBR, Gly and the combination of BBR with Gly on the hERG channel kinetics after instantaneous perfusion. A:
\oltage-dependent activation curves of the control and following exposure to BBR, Gly and the combination of BBR and Gly were best fit
to a Boltzmann function; B: A double-pulse protocol with a step repolarization from 120 mV to +20 mV to elicit representative current tracing
for steady-state inactivation and representative current tracing of steady-state inactivation; C: Normalized steady-state inactivation curves

before and after exposure to the drugs; D: Voltage clamp protocol and representative current tracing for onset of hERG channel inactivation;
E: Voltage clamp protocol and representative current tracing for the recovery from inactivation; F: Time constants for onset of inactivation
and recovery from inactivation before and after exposure to the drugs. n = 6, x + SEM. "P<0.05 vs Ctrl
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Figure 3 The combination of BBR with rosuvastatin (R) inhibit hERG current but do not affect the hERG channel kinetics after instanta-
neous perfusion. A: Voltage clamp protocol and representative current traces before and after exposure to 3 umol-L* BBR, 0.4 umol-L* R
and the combination; B: Normalized 1-V relationships tail currents in the absence and presence of drugs.n = 11, x = SEM. “P<0.01, *"P<
0.001 vs Ctrl; C: Voltage-dependent activation curves of the control and following exposure to the combination of BBR and R were best fit
to a Boltzmann function; D: Normalized steady-state inactivation curves before and after exposure to the two drugs; E: Time constants for
onset of inactivation and recovery from inactivation before and after exposure to the two drugs. n = 8, X + SEM
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Figure 4 Instantaneous effects of dihydroberberine (DHB), Gly, and the combination of DHB with Gly on the hERG currents. A: Repre-
sentative current traces under control and exposure to 10 pmol-L* DHB, 50 umol-L* Gly, and the combination. Normalized 1-V relation-
ships tail currents in the absence and presence of drugs. B: Voltage-dependent activation curves for the control and following exposure to the
combination of drugs; C: Normalized steady-state inactivation curves before and after exposure to the drugs; D: Time constants for onset
of inactivation and for recovery from inactivation before and after exposure to the combination. n = 10, x + SEM. “P<0.05 vs Ctrl. Traces in
B-D were recorded using protocols shown in Figure 2
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Figure 5 The combination of DHB with R inhibit hERG current but do not affect the hERG channel kinetics after instantaneous perfusion.
A: Voltage clamp protocol and representative current traces before and after exposure to the combination were recorded using illustrated
voltage clamp protocol (left). Normalized 1-V relationships of tail currents in the absence and presence of drugs (right). n = 11, x + SEM.

“P<0.05, ""P<0.001 vs Ctrl; B: Voltage-dependent activation curves for the control and following exposure to the combination of drugs;
C: Normalized steady-state inactivation curves before and after exposure to the two drugs; D: Time constants for onset of inactivation and for
recovery from inactivation before and after exposure to the combination. Traces in B-D were recorded using protocols shown in Figure 2.
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Figure 6 The effects of BBR, ligustrazine (L) and the combination of BBR with L on the hERG currents after instantaneous perfusion.
A: Representative current traces before and after exposure to 3 umol-L* BBR, 10 pmol-L? L and the combination; B: Normalized 1-V
relationships tail currents in the absence and presence of drugs. n = 8, X + SEM. "P<0.01, "“P<0.001 vs Ctrl
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