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ABSTRACT—Effects of nipradilol, a � -adrenoceptor blocker with a nitroxy moiety, on phosphoenolpyru-

vate carboxykinase (PEPCK) gene transcription were examined using a rat hepatoma cell line, H4IIE cells.

Dexamethasone was employed as an enhancer of PEPCK gene transcription. Nipradilol, but not timolol

(a � -blocker without a nitroxy moiety), attenuated PEPCK gene transcription both in the control and the

dexamethasone-treated cells. The effects of nipradilol were eradicated by methylene blue (an inhibitor of

cellular guanylate cyclase). Nipradilol is a unique � -blocker that suppresses PEPCK gene transcription in

hepatocytes likely through liberation of nitric oxide and resultant activation of guanylate cyclase.
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Insulin resistance is an important etiologic abnormality

in type 2 diabetes mellitus. Namely, insulin action at the

insulin-target tissues such as skeletal muscle and adipose

tissue as well as liver is impaired, and much of the hepatic

insulin resistance is due to inappropriately increased hepatic

gluconeogenesis. Glucocorticoid is a strong diabetogenic

hormone that induces insulin resistance both in vitro and

in vivo (1). At the level of liver, glucocorticoid increases

gluconeogenesis so that it partially mimics the abnormality

found in patients with diabetes.

Nipradilol, 3,3-dihydro-8-(2-hydroxy-3-isopropylamino)

proxy-2H-l-benzopyran, is a potent � -adrenoceptor block-

ing agent with nitroxy moiety (Fig. 1A), which induces

vasodilatation (2) and improves glucose metabolism in

vivo (3). Because nitric oxide (NO) improves glucose

metabolism through vasodilatation of insulin-target tissues

(4), nipradilol’s antidiabetic effect can be attributed to

the NO provision at the level of vasculature. However, NO

inhibition of hepatic phosphoenolpyruvate carboxykinase

(PEPCK) activity leading to reduction of gluconeogenesis

is also known (5). Therefore, we thought it is possible

that nipradilol suppresses hepatic gluconeogenesis through

inhibition of PEPCK activity. If so, this would be a novel

antidiabetic action of nipradilol that will be of potential

clinical benefit.

In the present study, we explored such a possibility by

evaluating the direct effect of nipradilol on PEPCK gene

regulation using a rat hepatoma cell line, H4IIE cells

(American Type Tissue Culture Collection, Rockville, MD,

USA). Because expression of PEPCK gene is primarily

regulated at the level of transcription (6) and glucocorti-
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coids stimulate the PEPCK gene transcription (7), we deter-

mined whether nipradilol modifies PEPCK gene transcrip-

tion in the control and the dexamethasone-treated cells.

For estimation of PEPCK gene transcription level, we

employed the reporter method. A DNA of the genomic

sequence from nucleotides �493 to +1 of the 5' end of the

human PEPCK gene was inserted into a vector with the

luciferase gene to generate PEPCK luciferase (PEPCK /L)

(8). PEPCK /L was then transfected into H4IIE cells main-

tained in Minimal Eagle Medium �  modification (�MEM)

supplemented with 10% heat-inactivated FBS. The trans-

fection was done using lipofectinamin (Gibco, Life Tech-

nologies, Gaithersburg, MD, USA) (9), as described in the

manufacturers instruction. After overnight incubation, the

cells were washed with and placed into serum-free

�MEM. During the subsequent 12 h, the cells were treated

with reagents. Then, whole cell lysates were prepared for

determination of luciferase activities. Luciferase assay of

cell lysates was performed using commercially available

luciferase assay kits (Promega, Madison, WI, USA).

As well established (7), dexamethasone (Sigma Chemical

Co., St. Louis, MO, USA) increased the rate of PEPCK

gene transcription 3-fold (Fig. 2A). On the other hand,

100 nM insulin (Sigma) slightly suppressed basal PEPCK

gene transcription as previous known (6) and did not

significantly alter dexamethasone-induced increase in

PEPCK gene transcription (Fig. 2A). Nipradilol slightly

but significantly suppressed basal PEPCK gene transcrip-

tion. Additionally, treatment of the cells with nipradilol

strongly restrained dexamethasone-induced increase in

PEPCK gene transcription (Fig. 2B). In contrast, the same

concentration of timolol (Sigma), a � -blocker without a

nitroxy moiety (Fig. 1B) (10), did not significantly alter

basal and dexamethasone-induced PEPCK gene transcrip-

tion (Fig. 2B). On the molar basis, timolol is approximately

3 times more potent than nipradilol as a � -blocker (3). As

shown in Fig. 3, inhibitory effects of nipradilol on PEPCK

gene transcription were completely eradicated by 10 �M

methylene blue, an inhibitor of nitric oxide-inducible

guanylate cyclase (11).

It is reported that nipradilol releases NO and stimulates

guanylate cyclase (12), and our findings agree well with

such a notion. Namely, as shown in Fig. 2, suppression of

PEPCK gene transcription is a unique feature of nipradilol,

not shared by timolol that lacks a nitroxy molecule. In

addition, methylene blue, an inhibitor of soluble guanylate

Fig. 2. Effect of insulin and � -blockers on basal and dexamethasone-stimulated PEPCK gene transcription in H4IIE cells. The

data is presented as PEPCK /L activity in the test conditions divided by that in the basal (untreated) condition. Representative data

from 3 independent experiments are shown. Values are means � S.D. (n � 3 for each condition). *P�0.05, **P�0.01 (Wilcoxon’s

rank sum test). A) H4IIE cells were incubated with 100 nM insulin in the presence or absence of 100 nM dexamethasone for 12 h.

B) H4IIE cells were incubated with 100 �M nipradilol or 100 �M timolol in the presence or absence of 100 nM dexamethasone

for 12 h.
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cyclase, strongly inhibited nipradilol’s effects on PEPCK

gene transcription.

Inhibition of glucagon-stimulated glycogenolysis by

NO-induced accumulation of cyclic guanosine monophos-

phate was previously reported (13). This is due to stimula-

tion of guanylate cyclase by NO. NO-induced suppression

of gluconeogenesis is also reported by others (5). We here

provided at least a part of the molecular basis for NO

suppression of gluconeogenesis.

One should always bear in mind suppression of insulin

secretion by � -blocker as a potential adverse effect of this

line of drugs. However, nipradilol, as a NO donor, likely

ameliorates insulin resistance both at the level of liver

and the level of vasculature. Thus, it may be useful in the

treatment of diabetic patients with hypertension or coro-

nary insufficiency.
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Fig. 3. Effects of methylene blue on PEPCK gene transcription.

The data is presented as PEPCK /L activity in the test conditions

divided by that in the basal (untreated) condition. Representative data

from 3 independent experiments are shown. Values are means � S.D.

(n � 3 for each condition). *P�0.05, **P�0.01 (Wilcoxon’s rank sum

test). H4IIE cells were incubated with 100 nM dexamethasone and /or

100 �M nipradilol in the presence or absence of 10 �M methylene

blue for 12 h.


