
 

 

 

DILTIAZEM 

 

Forbidden fruit - detail from “The Garden of Earthly Delights”, central panel, oil on 

wood, Hieronymus Bosch, Museo del Prado, Madrid.  

 

…Now the Lord God had planted a garden in the east, in Eden; and there he put the man 

he had formed. The Lord God made all kinds of trees grow out of the ground - trees that 

were pleasing to the eye and good for food. In the middle of the garden were the tree of 

life and the tree of the knowledge of good and evil… 

 

Genesis 2:8 



The exact nature of the “forbidden fruit” of Eden has been the topic of fierce scholarly 

debate for millennia. In Christian, Islamic and Jewish traditions alike, it has usually been 

depicted as the apple - its sweetness providing the greatest of temptation, too much in fact 

for Eve to resist. 

 

However the apple has not been the only candidate for the Biblical forbidden fruit.  

 

The disturbingly enigmatic work of the medieval Netherlandish master “surrealist”  

Hieronymus Bosch, known as the “Garden of Earthly Delights” makes a number of 

symbolic references to forbidden fruits, most notably strawberries and perhaps cherries.  

 

It is crammed full of obscure medieval symbolism, most of whose exact meaning is long 

lost to the modern world, is a wooden panelled triptych in oils. Its lesser known two outer 

closing panels come together to depict a scene from the early history of the world, thought 

by some to represent the Biblical third day of creation, a time where plant life existed but 

before any animal or human life did. It’s the magnificent three central panels that are 

enclosed within however that really grip the mind of any observer lucky enough to have 

seen this work in the real, at the Prado Museum in Madrid - it is one of the greatest Art 

experiences that can be had. The left panel depicts God presenting Eve to Adam in the 

idyllic setting of the Garden of Eden, while the right panel in contrast depicts the 

unspeakable torments of Hell worthy of any scene from Dante’s Inferno.  

 

It is the large central panel however that presents the greatest mystery to modern viewers. 

A great multitude of naked cavorting figures are seen, engaged in all manner of carnal 

lusts, overtly and without any apparent shame. All manner of fantastic and supernatural 

animals and plants also fill the scene. Opinion amoung Art historians is divided. It is 

unclear whether this arresting scene depicts an ideal Earthly paradise, that could have 

been, had it not been for the fall or whether it is a commentary on the moral degradation 

that had overtaken humanity just before the deluge. If the latter is true, then the meaning 

of the right hand panel becomes quite clear - humanity is condemned to the fires of Hell as 

punishment for its moral depravity. Medieval tradition held that the first sin committed by 

Eve after she ate of the forbidden fruit was that of carnal lust. Amoung the countless 

symbolic motifs within the central panel, is the recurring image of the forbidden fruit; in 

Bosch’s work this appears as either strawberries or cherries. 

 

By the Eighteenth century in the Caribbean, however, a citrus fruit, was favoured as the 

most likely candidate for the forbidden fruit, in particular, the magnificent Citrus grandis, 

or “pomelo” which a Seventeenth century English buccaneer, a certain Captain 

Chaddock, had brought from the East Indies to the Island of Barbados in the hope of 

cultivating it there.  

 

By the 1830s the pomelo had become known colloquially as the “Shaddock” a likely 

corruption of the name of the English captain who had introduced it to the island in the 

mid Seventeenth century. But it had also become widely identified as the Biblical 

forbidden fruit, the only problem was however, was that by the Eighteenth century the fruit 

had become a different species all together! At some time during the Eighteenth century, 

the pomelo had actually become extinct on the island. What had replaced it was a hybrid 



breed derived from the Citrus grandis as the maternal parent and the Citrus sinensis (or 

Chinese sweet orange) as the pollinating father. 

 

In 1830 Macfadyen gave the modern scientific name to the apomictically stabilised hybrid 

descendant, Citrus paradisi, the paradisi referring to the fruit of paradise - or the 

forbidden fruit. By then the common name “Shaddock” had been largely replaced by its 

modern colloquialism, the “Grapefruit”. 

 

Twenty first century genetic science now tells us that the Grapefruit is a modern hybrid of 

two separate ancient species, the pomelo and the sweet orange, that arose sometime in the 

mid to late Seventeenth century in the Caribbean. Sadly then the magnificent Grapefruit 

cannot be a candidate for the true forbidden fruit of the Garden of Eden. By its metabolic 

effects on the Cytochrome P450 enzyme system, it is however a “forbidden fruit” when it 

comes to compatibility with many modern drugs, including calcium channel blocking 

agents, such as diltiazem!     

 

 

  

 “ The Island of Barbados”, oil on canvas c.1694 Isaac Sailmaker. Yale Centre for British 

Art, Hartford, Connecticut.  

 

 

 

 

 

 

 



DILTIAZEM 

 

Introduction 

 

Diltiazem is a non-dihydropyridine calcium channel blocking agent 

 

It is given orally and is available in both standard release and extended release 

formulations. 

 

Its primary indications include: 

 

1. Hypertension (chronic) 

 

2. Angina pectoris (chronic) 

 

3. AF or atrial flutter not due to bypass tracts, (for ventricular rate control) 

 

See also separate Documents on Calcium Channel Blocker Overdose (in Toxicology 

Folder) 

 

History 

 

In 1883 Ringer reported, from a series of experiments on isolated heart, that calcium was 

required for the maintenance of cellular activity.   

 

In 1901, Stiles extended this observation to smooth muscle contraction.  

 

Sixty years later, Kamada in Japan (Kamada and Kinosita, 1943) and Heilbrunn in the 

United States (Heilbrunn and Wiercinski, 1947) elucidated the mechanism of intracellular 

calcium for muscle contraction.  

 

Today calcium is known to be involved in a wide range of cellular processes including 

considered a ubiquitous role as an intracellular second messenger. Studies on the 

pharmacology of calcium function were initiated in the mid 1960s and therapeutic agents 

began to be introduced into clinical practice in the 1970s 

 

Diltiazem was developed in 1971, and introduced into clinical practice by the Japanese 

pharmaceutical company, Tanabe in 1982.   

 

Chemistry 

 

Diltiazem is a non-dihydropyridine calcium channel blocking agent.  

 

Classification 

 

Calcium channel blockers can be classified into two principle groups: 

 

1. Dihydropyridines: 



 

The dihydro-pyridines act mainly on arteriolar smooth muscle to reduce peripheral 

vascular resistance and BP.  

 

They have minimal effect on myocardial cells. 

 

Examples include: 

 

● Amlodipine 

 

● Felodipine 

 

● Lercanidipine 

 

● Nifedipine 

 

● Nimodipine 

 

● Clevidipine 

 

2. Non-dihydropyridines: 

 

Non-dihydropyridines: act on cardiac and arteriolar smooth muscle.  

 

They reduce cardiac contractility, heart rate and conduction, with verapamil having 

the greater effect.  

 

Diltiazem has a greater effect on arteriolar smooth muscle than verapamil. 

 

Examples include: 

 

● Diltiazem 

 

● Verapamil 

 

Preparations 

 

Diltiazem hydrochloride as: 

 

Tablets - standard release: 

 

● 60 mg 

 

Tablets - extended release: 

 

● 180 mg, 240 mg, 360 mg 

 

Intravenous diltiazem hydrochloride is not available in Australia. 



 

Mechanism of Action 

 

Diltiazem is a an L-type calcium channel blocking agent.  

 

It blocks the inward current of calcium into cells in: 

 

1. Vascular smooth muscle: 

 

● By its action on coronary arteriolar smooth muscle to reduce vascular 

 resistance and myocardial oxygen requirements, it can relieve angina 

 symptoms. 

 

● By its action on vascular  arteriolar smooth muscle to reduce vascular 

 resistance, it can lower blood pressure 

 

2. Myocardium:  

 

● Negative inotropic effects 

 

3. Cardiac conducting system:  

 

● Negative chronotropic effects 

 

Pharmacokinetics 

 

Absorption: 

 

● Diltiazem is given orally 

 

 It is subject to an extensive first-pass effect, giving an absolute bioavailability 

(compared to intravenous dosing) of about 40 %. 

 

● Single oral doses of standard release diltiazem 30 to 120 mg result in detectable 

 plasma levels within 30 to 60 minutes and peak plasma levels 2 -3  hours after drug 

 administration.  

 

● A single 360 mg dose of the extended release formulation results in detectable 

plasma levels within 2 hours and peak plasma levels between 10 -14 hours. 

 

Distribution: 

 

● Diltiazem is 70 - 80% bound to plasma proteins. 

 

● Diltiazem can cross the human placenta. 

 

● Diltiazem is excreted into human breast milk in small amounts.  

 



Metabolism and excretion: 

 

● Diltiazem undergoes extensive hepatic metabolism. 

 

● Only about 2 - 4 % of the drug appears unchanged in the urine. 

 

● The plasma elimination half-life following single or multiple drug administration is 

 approximately 3 - 7 hours.  

 

Pharmacodynamics 

 

Diltiazem has been shown to be a potent dilator of coronary arteries both epicardial and 

subendocardial 

 

Diltiazem has been shown to produce increases in exercise tolerance, probably due to its 

ability to reduce myocardial oxygen demand and increase oxygen supply.  

 

This is accomplished via reductions in heart rate and systemic blood pressure submaximal 

and maximal exercise workloads and by dilating coronary arteries. 

 

Like some other calcium antagonists, diltiazem decreases sinoatrial and atrioventricular 

conduction. 

 

It has a negative inotropic effect. 

 

Indications 

 

Its primary indications include: 

 

1. Hypertension (chronic stable) 

 

2. Angina pectoris (chronic stable) 

 

● Moderate to severe angina pectoris due to atherosclerotic coronary artery 

 disease or coronary artery spasm (vasospastic angina). 

 

3. AF or atrial flutter not due to bypass tracts: 

 

 ● For long term ventricular rate control 

 

Contraindications/ Precautions 

 

These include: 

 

1. Hypotension, (contraindicated) 

 

● In general terms, a systolic BP  < 90 mmHg. 

 



2. Cardiogenic shock, (contraindicated) 

 

3. Bradycardia, (contraindicated)  

 

4. Sick sinus syndrome (contraindicated). 

 

5. Second or third degree atrioventricular block without pacemaker, (contraindicated)  

 

6. Significant LV failure, (contraindicated)  

 

● Calcium channel blockers may further depress myocardial function in 

patients with systolic heart failure.  

 

Verapamil and diltiazem are generally contraindicated (unless under 

specialist supervision); dihydropyridines may be used with caution 

 

7. AF in patients with an accessory bypass tract, (contraindicated). 
 

 ● e.g. Wolff-Parkinson-White, Lown-Ganong-Levine syndromes 
 

8. VT,  (contraindicated) 

 

9. Calcium channel blocker and Beta Blocker interaction: 

 

● The combination of beta blocker and calcium channel blocker frequently 

 causes conduction delay problems in the elderly, especially in the 

 presence of renal impairment. 

 

● Calcium antagonists of the verapamil type should not be given by 

 intravenous administration to patients treated with beta-blockers 

 

10. Grapefruit juice should be avoided: 

 

● Grapefruit juice is a well documented inhibitor of the cytochrome P450 

3A4 (or CYP - 3A4) enzyme, which is involved in the metabolism of 

many commonly prescribed drugs. 

 

By inhibiting the CYP - 3A4 enzyme, it may significantly increase levels of 

diltiazem in the blood and result in toxicity. 

 

11. Known hypersensitivity to diltiazem hydrochloride. 

 

12. Caution in liver impairment. 

 

Pregnancy 

 

Diltiazem is classified as a class C drug with respect to pregnancy. 

 



Class C drugs are those drugs which, owing to their pharmacological effects, have caused 

or may be suspected of causing harmful effects on the human fetus or neonate without 

causing malformations. These effects may be reversible. Specialised texts should be 

consulted for further details 

 

Maternal use of calcium channel blockers in early pregnancy has not been associated with 

an increased risk of congenital malformations. However, treatment-induced falls in 

maternal blood pressure may potentially cause fetal hypoxia or adversely affect fetal 

growth. 

 

If diltiazem is the medicine of choice, use the lowest effective dose and closely monitor 

maternal blood pressure. 

 

Breast feeding 

 

Small amounts of diltiazem are excreted into breast milk, but it is unlikely to pose harmful 

effects in the breastfed infant.  

 

If diltiazem is the medicine of choice, monitor the breastfed infant for potential adverse 

effects such as hypotension and bradycardia. 

 

Adverse Effects 

 

In general the dihydropyridines have more pronounced vasodilatory effects than diltiazem 

and verapamil.  

 

Verapamil, (and to a lesser extent, diltiazem), reduce cardiac contractility, heart rate and 

conduction. 

 

The important adverse effects include: 

 

1. Hypotension 

 

2. Negative inotropy  

 

2. Bradycardia 

 

3. Conduction delays 

 

4. Myasthenia-like neuromuscular disease: 

 

● Calcium channel blockers in general may increase risk of muscle weakness 

and respiratory depression (most case reports are with verapamil). 

 

Less severely: 

 

5. Peripheral edema, (though dihydropyridines more commonly cause peripheral 

oedema due to redistribution of extracellular fluid - rather than fluid retention) 



 

● Note that this does not respond to treatment with diuretics, which may put 

patient at risk of volume depletion. 

 
6. Constipation 

 

Dosing 

 

When converting from a standard release product to a controlled release product, 

use the strength nearest the total daily dose of conventional product. 

 

Hypertension: 

 

For controlled release products, adults: 2 

 

● Initially 180 - 240 mg once daily 

 

 Increase as required up to 360 mg once daily. 

 

Angina Pectoris: 2 

 

Conventional release product, adult: 

 

● Initially 30 mg 3 or 4 times daily; increase as required; maximum 360 mg daily in 

 3 or 4 divided doses. 

 

Controlled release products, adult: 

 

● Initially 180 mg once daily; increase as required up to 360 mg once daily. 

 

AF or atrial flutter not due to bypass tracts, (for ventricular rate control): 2 

 

Conventional release product, adult: 

 

● Initially 30 mg 3 or 4 times daily; increase as required; maximum 360 mg daily in 

 3 or 4 divided doses. 

 

Controlled release products, adult: 

 

● Initially 180 mg once daily; increase as required up to 360 mg once daily. 

 

 

 

 

 

 

 

 



Appendix 1 

 

Myocardial Action Potentials: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The pattern of action potentials from non-pacemaker cardiac cells and pacemaker cardiac 

cells. 

 

 

 

 

 

 

 

 

 

 

 



 

Forbidden fruits - details from “The Garden of Earthly Delights”, central panel, oil on 

wood, Hieronymus Bosch, Museo del Prado, Madrid.  
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