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Although not recommended for use with certain medica-
tions, grapefruits are known for their numerous health 
benefits. Both these effects come from, in part, natural 
chemicals called furanocoumarins. Although these 
biologically active plant compounds, or phytochemicals, 
are beneficial to overall health, some compounds have been 
shown to interact with numerous medications, causing 
adverse effects known as the “grapefruit juice effect.” 
Furanocoumarins and flavanones are the major compounds 
responsible in these drug interactions. Several studies have 
reported that furanocoumarins present in grapefruit affect 
absorption of some medications by interfering with a cer-
tain liver and intestinal enzyme (Guo et al. 2000). However, 
numerous studies have shown that compounds in citrus 
fruits, including furanocoumarins, reduce inflammation 
and stop cancer cells from multiplying. Furthermore, they 
may also help repair damaged DNA that would otherwise 
contribute to the development of tumors. A variety of 
furanocoumarins can be found in all types of citrus, but 
those found in grapefruit possess several health-promoting 
properties that include anti-inflammatory, anti-cancer, 
anti-obesity, and bone-building effects (Madrigal-Bujaidar 
et al. 2013; Mahgoub 2002; Chudnovskiy et al. 2014).

The furanocoumarins found in grapefruit all originate 
from psoralen, a naturally occurring compound found 
in figs, celery, parsley, and all citrus fruits. The major 
furanocoumarins in grapefruit include bergaptol, bergap-
ten, bergamottin, and epoxybergamottin (Figure 1). The 
amounts of these furanocoumarins have been identified for 
each of the seven grapefruit varieties, which include Rio 

Red, Ruby Red, Ray Red, Star Ruby, Thompson Pink, Marsh 
White, and Duncan (Girennavar et al. 2008).

Grapefruits have long been considered a part of a healthy 
diet due to being rich in vitamins, minerals, fiber, and 
phytochemicals, such as flavonoid and furanocoumarins. It 
is these phytochemicals, in particular the furanocoumarins, 
that demonstrate anti-inflammatory, anti-cancer, and 
anti-oxidative effects (Lee et al. 2016; Codoner-Franch and 
Valls-Belles 2010; Zou et al. 2016). For many years, studies 
have shown that the phytochemicals found in grapefruit, 
such as flavonoids and limonoids, have anti-cancer 
properties. Other grapefruit flavonoids, including naringin 
and hesperidin, are also recognized as major bioactive 

Figure 1. Furanocoumarins in grapefruit originate from psoralen and 
include bergaptol, bergapten, bergamottin, and epoxybergamottin.
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compounds responsible for grapefruit’s anti-cancer effects, 
such as delayed development of breast cancer and leukemia 
(Tundis et al. 2014; So et al. 1996; Kim et al. 2013; Li et al. 
2013). More specifically, bergamottin, the major grapefruit 
furanocoumarin derived from psoralen, has been reported 
to exhibit an inhibitory effect on breast cancer cell growth 
through the inhibition of various cell signals (Kim et al. 
2014). Other grapefruit furanocoumarins, bergaptol and 
bergapten (both precursors of bergamottin), have also 
exhibited inhibitory activities against breast cancer cell 
growth (Panno et al. 2012). Furthermore, bergapten has 
also induced the death of tumor cells (De Amicis et al. 
2015). In a similar manner, bergaptol was reported to sig-
nificantly trigger cell death by damaging specific enzymes 
necessary for tumor cell division (Ge et al. 2016). Notably, 
several grapefruit furanocoumarins in combination can 
also suppress the spread of breast cancer more efficiently 
than if each compound was administered separately.

Multiple myeloma is a form of leukemia, a type of blood 
cancer, which is characterized by excess plasma cells in the 
bone marrow. Recent studies into the inhibitory activity 
of bergamottin on multiple myeloma cell growth have 
indicated significant reduction of these cells over time after 
treatment with the compound (Kim et al. 2014). Further-
more, bergamottin combined with other drugs can enhance 
anti-cancer effects against other types of human leukemia. 
The combination of such compounds as treatment signifi-
cantly decreased the number of tumor cells as compared to 
treatment with only one of the two compounds. In a similar 
manner, pretreatment with bergamottin inhibited both skin 
cancer and stomach cancer cell growth (Yu et al. 2005). 
Moreover, when highly concentrated, the furanocoumarin 
bergamottin induces the death of neuroblastoma cells 
(Navarra et al. 2015). Remarkably, bergamottin not only 
inhibits cancer cell growth, but also suppresses metastasis 
by slowing human cancer cell migration (Hwang et al. 
2010).

Along with anti-cancer properties, furanocoumarins have 
demonstrated anti-oxidative effects as well. Free radicals 
have long been known to cause oxidative damage to lipids, 
protein, and DNA due to being highly reactive with other 
molecules. Thus, reduction of oxidative stress through 
scavenging of free radicals is recognized as a promising 
phytochemical strategy to prevent or delay the occur-
rence of chronic diseases. The anti-oxidative activities of 
furanocoumarins, such as bergapten and bergaptol, have 
been shown to delay both lipid peroxidation (Hwang et al. 
2010), and also exhibit free radical scavenging activities, 
respectively (Girennavar et al. 2007). Inflammation due to 

elevated oxidative stress is a biologically complex response 
to tissue damage, infection, or chemical influence. Chronic 
inflammation has long been linked to a myriad of life-
threatening, chronic diseases, such as cancer, metabolic 
syndrome, diabetes, and neurodegenerative disorders. 
Treatment using bergaptol has effectively demonstrated 
many anti-inflammatory effects against these diseases (Pan 
et al. 2010).

Another area of furanocoumarin study is osteoporosis, the 
bone disease characterized by loss of bone mass. Treatment 
with the bioactive furanocoumarin bergapten has shown 
significant increases in bone cell division. In addition, using 
bergapten to pretreat bone cell precursors for approximately 
one week remarkably increased the bone density in rodents 
and bone cell development in the marrow of humans (Meng 
et al. 2004).

In recent years, furanocoumarins have become a focus of 
investigative activities that may be biologically beneficial. 
However, investigations into the exact mechanisms of these 
furanocoumarin effects are still limited. Additional research 
continues not only to determine the mechanisms that 
benefit human health, but also to avert any negative effects 
caused by grapefruit juice while using certain medications. 
This could subsequently result in not only numerous people 
again enjoying the taste of grapefruit and grapefruit juice, 
but also reaping the furanocoumarin benefits provided by 
these fruits.
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Table 1. Specific health benefits per furanocoumarin.
Bergaptol Bergapten Bergamottin

Breast Cancer increase cell death inhibit cell growth 
induce tumor cell death

inhibit cell signaling

Leukemia decrease cell growth 
decrease tumor cell numbers

Skin cancer inhibit cell growth

Stomach cancer inhibit cell growth

Osteoporosis increase cell division 
increase cell denisty 
increase cell development

Fibrosarcoma decrease metastasis

Neuroblastoma increase cell death triggers cell death 
decrease metastasis

Free radicals scavenged scavenged

Lipid peroxidation delayed delayed


