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25.1 Introduction

Evening primrose (Oenothera biennis L.), belongs to the family Onagraceae, is a wild
plant which widely utilized as medicine and now it is one of the most frequently utilized
herbal medicines in many countries (Montserrat-de la Paz et al., 2014; Munir et al., 2017).
The evening primrose oil (EPO) has gained great attention due to the high concentrations
of γ-linolenic acid (8%�14%) and linoleic acid (60%�80%), precursors of the series-1 pros-
taglandins (Mahboubi, 2019; Montserrat-de la Paz et al., 2014). Fig. 25.1 shows the flower,
seed, and EPO products. Many studies have demonstrated the efficacy of EPO in the treat-
ment of diseases such as atopic eczema (Bamford et al., 2013), breast problem (Balci et al.,
2020), antineuropathic activity (Rock & DeMichele, 2003), rheumatoid arthritis (RA)
(El-Sayed et al., 2014), antioxidant activity (Koo et al., 2010), anticancer (Montserrat-de la
Paz et al., 2015), and other diseases (Mahboubi, 2019; Munir et al., 2017). These effects are
mostly attributed to polyunsaturated fatty acids (PUFAs) of EPO. Besides these triacylgly-
cerol fractions, other specific compounds (e.g., triterpenoid esters) existing in EPO might
have a significant role in these positive effects (Knorr & Hamburger, 2004; Zaugg, Potterat,
et al., 2006).
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25.2 Biological activities

25.2.1 Treatment of rheumatoid arthritis

Many trials have demonstrated that EPO can play a significant role in the treatment of
inflammation and RA (Belch & Hill, 2000; Hauben, 1994; Horrobin, 1989). About 1% of the
population of adults suffering from RA (Tyagi et al., 2020). RA is an autoimmune-mediated
joint-based chronic inflammation ailment and more prevalent among women than in men
(Abdulkhaleq et al., 2018). Up to now, the medicine of RA is still beyond our reach and
inflammatory mediators are controlled by using artificial antiinflammatory compounds.
Nowadays, the therapeutic protocols for inflammatory disease are steroidal (corticosteroids),
nonsteroidal antiinflammatory drugs (NSAIDs), disease-modifying antirheumatic drugs, bio-
logical drugs, and natural agents (Burmester & Pope, 2017; Tyagi et al., 2020). Recently,
plant�extracted bioactive compounds have also been used for the treatment of RA disorder.
Traditionally, EPO has been utilized for many biological activities and reported in the litera-
ture. The therapeutic effect of EPO is attributed to its various bioactive compounds such as
linoleic acid, (gamma) linolenic acid, and vitamin E (Kleijnen, 1994).

A study was conducted on 40 patients with RA and upper gastrointestinal injuries as a
result of nonsteroidal antiinflammatory drugs joined a prospective 6 months double-blind pla-
cebo-controlled study of dietary supplementation with γ-linoleic acid 540 mg/day (Brzeski
et al., 1991). A treatment group (90 patients) received EPO (6 g/day) while the control group
(21 patients) received olive oil 6 g/day (placebo). During this study, no participant stopped
the nonsteroidal antiinflammatory medication; however, three participants in each group
lower their dose. The findings indicated that only 23% of the treatment group could lower
their NSAID dose and none could stop, similar to that observed in the control group. This
contrary to the previous work (Belch et al., 1988) where the same treatment of EPO allowed
25% to stop and a further 38% to reduce their NSAID dosage after six months without
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FIGURE 25.1 Evening primrose
products.
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negative effects. Although that study continued for 12 months, most of the positive effects
were achieved at 6 months. The participates in that trial have less severe RA and none was no
one second-line therapy. This study showed that EPO could be only useful in mild RA while
some earliest studies showed there no positive results of EPO (Darlington & Stone, 2001;
Hansen et al., 1983). In the study of Brzeski et al. (1991), EPO showed a decrease in morning
stiffness and articular index, although only the former obtained statistical significance. The
authors do not recommend EPO for severe RA. Furthermore, the study has not demonstrated
the potential of substituting EPO for NSAIDs in participants with NSAID-induced upper gas-
trointestinal side-effects.

In a clinical study on RA with γ-linoleic acid in the form of EPO, it was observed that
the patients were enhanced without side effects (Leventhal et al., 1993). Cytokines aid
from free radicals is accountable for the development and maintenance of RA. Some pros-
taglandins suppress cytokine formation. Thus, EPO, which provides γ-linoleic acid, the
precursor of prostaglandin E1, ameliorates arthritic symptoms (Darlington & Stone, 2001).
In a study, the consumption of fish oil alone or enriched with EPO showed higher incor-
poration of n-3 PUFA precursors for the antiinflammatory lipid mediators in plasma phos-
pholipids (Veselinovic et al., 2017). This further prompt substantial enhancement in the
clinical status of patients with RA disease. The authors suggested further trials with a
large number of participants for a long period to approve the long-term effectivity of these
supplementations.

Several small studies in animals have suggested benefits from EPO for rheumatoid treat-
ment. In a study on animals (n5 114), arthritis was induced by subcutaneous injection of com-
plete Freund’s adjuvant (CFA) in the right hind paw of male albino rats. All treatments were
administered orally from day 0 (EPO, 5 g/kg b.w.) or day 4 (celecoxib, 5 mg/kg; aspirin,
150 mg/kg) until day 27 after CFA treatment (El-Sayed et al., 2014). The results showed that
EPO substantially depressed synovial hyperplasia and inflammatory cells invasion in joint tis-
sues and the result was improved by combining with aspirin or celecoxib. This study showed
that the combined use of EPO, which contains antiangiogenic, antiinflammatory, and antioxi-
dant activities, is a promising approach to inhibit the development of RA.A systematic over-
view of 11 medical studies evaluated the use of oil rich in γ-linolenic acid (GLA) (including
borage seed oil, blackcurrent seed oil, and EPO) revealed that it showed significantly lower
pain as compared with placebo (Stonemetz, 2008). In a meta-analysis of seven clinical studies
oils from borage, blackcurrant, and EPO containing GLA were used to treated RA. GLA
dosages equal or bigger than 1400 mg/day presented benefits in the mitigation of rheumatic
complaints while doses lower than 500 mg/day were ineffective (Cameron et al., 2009). In
Cochrane updated systematic review of 22 studies investigated the use of herbal therapies in
RA (Cameron et al., 2011). Results from seven studies specify the potential positive effect of
GLA from EPO, borage seed oil, or blackcurrent seed oil, concerning reduce pain severity
(Cameron et al., 2011).

25.2.2 Treatment of Mastalgia

Approximately 70% of women complain of breast pain at some stages of their life
(Ader& Browne, 1997). Cyclic breast pain or Mastalgia is a common condition among
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women of reproductive ages. It occurs due to changes in hormones during the menstrual
cycle, whereas noncyclical breast pains are not related to the menstrual period (Gautam
et al., 2016). The deficiency in GLA causes the breast tissues sensitive to sex hormones,
which is accompanying by breast pain (Graham et al., 1994).

Parveen et al. (2007) compared the effect of Danazol and EPO on the management of cyclic
breast pain. The findings showed that Danazol provides good pain management in mastalgia
however with severe adverse effects, whereas OEP also presented better Mastalgia control but
without severe adverse effects. Another study on the effect of EPO and vitamin E on the
severity of cyclical breast pain was conducted by Fathizadeh et al. (2009). The findings indi-
cated that EPO reduced the severity of pain and it was more beneficial and better than vita-
min E. Other authors combined EPO and vitamin E for treating cyclical mastalgia (Pruthi
et al., 2010). The results indicated that the daily doses of 1200 IU vitamin E, 3000 mg EPO or
the combination of both treatments at the same dosage administered for 6 months might
decrease the severity of periodical breast pain. Randomized clinical trial administered on
90 participants complaining of Mastalgia showed (Jaafarnejad et al., 2017). The results evi-
dence the use of flaxseed powder, EPO, or vitamin E may decrease cyclical breast pain, and
the former achieved statistical significance. Since flaxseed powder was more effective com-
pared to the other two treatments. Therefore, the authors recommended using this herbal
medicine which is characterized by the higher content of omega-3 essential fatty acids, con-
tains phytoestrogens and antioxidants, due to its fewer adverse effects. In contrast to the study
carried out by Farzaneh et al. (2016) who found the use of flaxseed powder, EPO, and vitamin
E lead to a reduction in the severity of mastalgia; however, there were no significant differ-
ences among the three treatments. In a study, 120 participants were divided into four groups
and treated with: (1) EPO and control oil, (2) fish oil and control, (3) fish and EPO, or (4) both
control oils for six months (Blommers et al., 2002). Overall, EPO and fish oil had no better
effect than the inexpensive wheat-germ oil and corn oil. Several research articles and reviews
have demonstrated the potential use of EPO for the management of mastalgia with good
response and minimal side effects (Balci et al., 2020; Cheung, 1999; Farzaneh et al., 2013;
Mirzaiinajmabadi et al., 2017; Morvarid et al., 2020; Qureshi & Sultan, 2005) while some trials
showed no significant effect (Goyal & Mansel, 2005; Sharma et al., 2012). Table 25.1
summarizes some clinical trials on EPO in the treatment of mastalgia.

25.2.3 Antiinflammatory activity

Patients with inflammatory diseases generally use complementary and alternative med-
icine, particularly herbal therapy. In a study, sterols were extracted from the EPO and
accounted for about 49.40% from other fractions and nearly 1% from EPO. These results
showed that the EPO is one of the richest sources of phytosterols as compared with other
oils such as corn oils (0.95%), sunflower (0.73%), and olive oil (0.17%) (Montserrat-de la
Paz et al., 2012; Richard et al., 2002). In a study, the ability of sterols extracted from EPO
to impede the release of some proinflammatory mediators by cells involved in inflamma-
tion like macrophages was evaluated (Montserrat-de la Paz et al., 2012). The results
showed that the extracted sterols may exert a substantial protective effect against the
release of proinflammatory mediators. Multiple sclerosis is the most chronic inflammatory
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TABLE 25.1 Some clinical studies on EPO in the treatment of mastalgia.

Trial/ailments Intervention Results References

Prospective clinical
trial

Participants (n5 66) received six
EPO capsule (240 mg/d GLA) for 6
months

• Results showed EPO as the
source of Gamolenic acid could
be used for treatment for
Oriental women with disturbing
cyclical mastalgia.

• An overall useful response rate
was 97% after 6 months of
intervention.

• Adverse effects was12% but all
were insignificant.

Cheung
(1999)

Double-blind
placebo-controlled
parallel multicenter
clinical trial

Participants (n5 555) were treated
with 500 mg EPO (providing 40 mg
GLA) plus 10 mg natural vitamin E.
Placebo fatty acid capsule contained
500 mg hydrogenated coconut oil
and 10 mg natural vitamin E. The
active antioxidant vitamin and
mineral capsule contained 3 mg beta-
carotene, 100 mg vitamin C, 25 mg
vitamin B6, 10 mg zinc, and 10 mg
niacin, and 455 μg selenium. Placebo
antioxidant vitamin and mineral
capsule contained 255 mg of
fractionated coconut oil.

No effectiveness of EPO in
mastalgia

Goyal and
Mansel
(2005)

Randomized double-
blind

Participants (n5 50) were treated
with Piroxicam gel 0.5%, twice a day
or 505 mg twice daily EPO, for 3
months.

• Piroxicam gel: excellent response
(56%), substantial response
(35%), poor response (8%)

• EPO capsule: substantial
response (64%), poor response
(32%).

• Only one participant reported
adverse effects with OEP to
include abdominal bloating,
nausea, weight gain, headache,
depression, giddiness, rash, and
bad taste.

Qureshi and
Sultan (2005)

Open
nonrandomized
comparative clinical
study

The patients (15�35 years old) were
treated with 500 mg EPO (n5 50
patients) or 100 mg oral danazol
(n5 50 patients), twice daily, for 3
months. The effect of treatment was
assessed at baseline 4 and 12 weeks
after treatments.

• Results proved Danazol to be
significantly effective (76%) in the
treatment of mastalgia as
compared to 68% effectiveness of
EOP, which is relatively
comparable. However, the higher
adverse effect of Danazol (32%)
hinders it is used for the
treatment of mastalgia and
encourages the usage of EPO due
to its lower adverse effect (%).

• Adverse effects of EPO were 20%
while for Danazol was 24%.

Parveen et al.
(2007)

(Continued)
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disorder. Rezapour-Firouzi et al. (2013) evaluated the effect of EPO on multiple sclerosis
patients. The results showed that EPO treatment has inhibited multiple sclerosis and
numerous other inflammatory disorders. In another study, the long-chain fatty alcohols
(LCFAs) of EPO demonstrated it is in vitro antiinflammatory effect (Montserrat-de la Paz
et al., 2014). It is clear from the above-mentioned two studies both LCFAs and sterols are
minor biological active compounds that might synergize the activity ascribed to the
PUFAs of the EPO assisting to the overall antiinflammatory influence of this natural bio-
logically active product. In a recent study, an attempt has been made to discover new anti-
inflammatory therapy to recover remyelination and possibly prevent and reverse the
development of the disease (Rezapour-Firouzi et al., 2020). The results demonstrate the
potential therapeutic properties on the improve the structure of cell membranes and
suppression of inflammation by EPO in experimental autoimmune encephalomyelitis.

TABLE 25.1 (Continued)

Trial/ailments Intervention Results References

Randomized clinical
study

Participants treated with 2.5 mg
bromocriptine plus 3 mg EPO
(n5 36) daily, LILT (n5 40), for three
consecutive menstrual cycles.

Response to treatment 63.9% versus
82.5%

Saied et al.
(2007)

Single-blind clinical
study

Participants received 3 g EPO
(n5 31) or 600 mg vitamin E (n5 30)
daily, for one month

• The severity of cyclical breast
pain in both groups reduced
significantly before and after the
treatment.

• Reduction in pain severity 61.3%
versus 26.7%

Fathizadeh
et al. (2009)

Double-blind
randomized placebo
controlled trial

Patients were treated with 400 IU
vitamin E (n5 21), 1000 mg EPO
(n5 21), the combination of vitamin
E (4001 U) and EPO (1000 mg)
(n5 21), or placebo (two capsules)
(n5 22) three times daily, for 6
months.

The results showed that EPO,
vitamin E, and the combination of
the dosage of vitamin E and EPO
could be used to manage cyclical
breast pain.

Pruthi et al.
(2010)

Quasirandomized
clinical trial

Participants received 30 g of
powdered flaxseed (n5 28), 1000 mg
capsules of EPO (n5 28), 400 IU
Vitamin E (n5 30), daily, for 2
months.

flaxseed powder significantly
decreased the breast pain during
the two months of treatment, but
despite reducing the duration of
pain in the EPO group and Vitamin
E, this reduction was not significant

Jaafarnejad
et al. (2017)

Double-blind
randomized placebo-
controlled trial

Participants treated 2 g/day EPO
(n5 25), 400 IU/day vitamin E
(n5 25), EPO plus vitamin E (n5 25),
placebo (n5 25) daily, for 6 month

Vitamin E and EPO presented
similar therapeutic effect in the
treatment of mastalgia

Alvandipour
et al. (2011)

A randomized,
double-blind factorial
controlled trial

Participants treated with EPO 3 g/
day (n5 68), centchroman 30 mg
(n5 67) for 6 months

The results showed that the
centchroman providing relief from
mastalgia and nodularity with
minimal side effects

Sharma et al.
(2012)
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In a double-blind, randomized trial, the activity of liver enzymes in multiple sclerosis parti-
cipants treated with cosupplemented hemp seed, EPO, and hot-natured diet were assessed
(Rezapour-Firouzi et al., 2014). The findings showed that the cosupplemented oil chemical
components have positive effects on enhancing extended disability status score and activity of
liver enzymes in relapsing-remitting multiple sclerosis patients. The active components of EPO
have been shown to have antiinflammatory activities and effects. Another study was con-
ducted to assess the effects of EPO and hemp seed oil on enhancing the membrane fatty acids
composition of spleen and blood cells and immunologic factors in comparison to rapamycinin
the experimental autoimmune encephalomyelitis model (Rezapour-Firouzi et al., 2020). The
results showed EPO alone presents a targeted treatment for remyelinate whereas the combina-
tion of EPO and hemp seed oil suppresses any attempt for remyelination.

25.2.4 Antioxidant activity

Antioxidant activity is one of the functional properties that EPO can provide. Oils rich
with biologically active agents are desirable by consumers, food processors, and pharma-
ceuticals. EPO is rich in sources of GLA (8%�10%) and linoleic acid (LA) (70%�74%) and
it is assumed that this compound activity is the major contributing factor to the therapeu-
tic assistance of this oil (Timoszuk et al., 2018). De La Cruz et al. (1999) were studied the
influence of enrichment (15% wt./wt.) of a hyperlipemic diet (1.33% cholesterol) with EPO
for six weeks in 10 rabbits. The results demonstrated that the EPO might be useful as an
antioxidant defense factor, and possibly reducing lipid substances, in processes of hyperli-
pemia or atherosclerosis. However, further trials in humans are required to prove that
EPO presents a similar action in less aggressive forms of hyperlipemia such as that exam-
ined in these experimental animals. In a study, the antioxidant effect of saponified EPO
against isobutylmethylxanthine (IBMX)-induced melanogenesis in B16 melanoma cells was
examined (Koo et al., 2010). In their study, saponified EPO successfully decreased melano-
genesis in B16 melanoma cells and reduced pigmentation of UV exposed skin. It was
concluded that saponified-EPO exhibits a pigment-whitening effect by preventing the expres-
sion of tyrosinase and associated enzymes; consequently, the authors believed that this action
might be associated with the high concentrations of linoleic acid in EPO.

In experimental animal, it has been demonstrated that both EPO and fish oil, can affect
papilloma development which can be attributed, at least in part, to their capability to
inhibit benzo(a)pyrene binding to DNA and to increase the lipid peroxidation process
(Ramesh & Das, 1998).

Another study on thoroughbred horses showed that EPO is useful and it enables horses to
compensate with the maximal load without substantial disruption of the musculoskeletal. The
study indicated that intake of EPO (150 mL/horse) significantly influenced aspartate amino-
transferase and lactate dehydrogenase in the blood serum of the horses. However, this result
needed further experiments to prove the usage of EPO as an effective agent for the improve-
ment of the health condition of horses in load (Mikesova et al., 2014).

In the year 2011, the antioxidant activity of EPO in cases of subacute aflatoxin intoxica-
tion induced in mice was studied (Kanbur et al., 2011). It was found that EPO has a signifi-
cant positive effect on aflatoxin-induced lipid peroxidation.
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Hamburger et al. (2002) studied the compounds with radical scavenging, cyclooxygen-
ase, and neutrophil elastase inhibitory activities in EPO. The results showed EPO rich in
biologically active materials such as 3-O-trans-caffeoyl derivatives of betulinic, morolic,
and oleanolic acid. These identified compounds evident antioxidant activity against the
stable 2,2-diphenyl-1-picrylhydrazyl radical and were effective inhibitors of neutrophil
elastase and cyclooxygenase-1 and -2 in vitro. The authors found that the commercial sam-
ples of EPO presented only traces of these biologically active materials. Thus, cold-pressed
EPO is recommended to be used as a supplementary agent.

Khodeer et al. (2020) investigated the chemoprotective effects of EPO against the cyto-
toxicity of chemotherapeutics in the liver and pancreas of cyclophosphamide-intoxicated
mice. It was noticed that EPO has strong antioxidant, antiinflammatory, and genoprotec-
tive properties against the toxic impacts of cyclophosphamide in mice hepatic and pancre-
atic tissues.

In human patients, it was observed that oral administration of the combination of
EPO, vitamin C, vitamin E, and pycnogenol significantly prevented wrinkle develop-
ment produced by chronic ultraviolet B irradiation (UVB) through significant inhibition
of UVB-induced mitogen-activated protein activity along with improvement of collagen
synthesis.

In a previous study, the efficacy of EPO against arsenic-induced oxidative stress in rats
was investigated (Kaya & Eraslan, 2013). EPO did not show any side effect and even pre-
vented oxidative stress when administered in association with arsenic. Hence, the authors
suggested that the applied dosage (0.1 mL/rat/day) and study period (30 days) are deter-
mined accurately, EPO might be employed either to assist primary therapy or directly for
prophylaxis or as a food additive in intoxication cases with arsenic or circumstances where
such a risk arises.

25.2.5 Anticancer and antitumor activity

From the past years, the utilization of herbal medicines for the prevention and manage-
ment of cancer has gained great attention. Nowadays, it has been found that GLA is cyto-
toxic to glioma cells, and it can improve gamma radiosensitivity (Antal et al., 2015). A
previous study indicated that EPO (as a source of GLA) may be beneficial in nutritional
methodologies of mammary gland tumor therapies (Muñoz et al., 1999). In 2015, it was
reported for the first time that EPO phytosterols might be involved in phytosterol-
activated liver X receptor (LXR) serving a cancer-protective role (Montserrat-de la Paz
et al., 2015). In this study, the effect of phytosterols (namely, β-sitosterol and campesterol)
isolated from EPO on proliferation, cell death, and the cell cycle of human colon adenocar-
cinoma (HT-29) cells was evaluated. The results demonstrated that the extracted phytos-
terols were effective antiproliferative mediators in a dose- and time-dependent manner,
with an IC50 of 62.9 μg/mL after 48 h, lower than β-sitosterol and campesterol (79.0 and
71.6 μM respectively). Flow cytometry revealed that the extracted phytosterols have a stim-
ulatory effect on apoptosis and necrosis, raising the number of cells in G0/G1 phase. The
extracted phytosterols generated a significant upregulation in LXR gene expression that
could be one of the basic mechanisms of the tumor reduction by EPO phytosterols.
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25.2.6 Preventing and treatment of pain

Fibromyalgia is a chronic pain disease that is described by the existence of mechanical
hyperalgesia and prevalent pain consistently felt in deep tissues (Montserrat-de la Paz
et al., 2013). Besides pain, patients also commonly complain of other symptoms such as
fatigue, sleep disorder, and illness like irritable bowel RA, and systemic lupus erythemato-
sus (Wolfe et al., 1990). In a study conducted on experimental animals showed that
dietary-EPO can change the nociceptive response and other symptoms related to fibromy-
algia syndrome and also it can decrease the release of the inflammatory state (Montserrat-
de la Paz et al., 2013).

25.2.7 Antiulcerogenic effects

Benefits of plant oil from their recorded medicinal uses as antiulcerogenic and gastroprotec-
tive properties (Azab et al., 2017). In 1997, the effect of EPO on a study on gastric ulceration
and secretion induced by many ulcerogenic and necrotizing mediators in rats was evaluated.
It was found that EPO has substantial antiulcer and cytoprotective effects on numerous exper-
imentally prompted (aspirin or indomethacin) gastric lesions (Al-Shabanah, 1997).

25.2.8 Thrombolytic activity

Oils have numerous biological active agents that have antithrombotic activity (Deng
et al., 2001; Mekhfi et al., 2012). Villalobos and coauthors found that the dietary supple-
mentation with EPO the antithrombotic capability of the endothelium, decreased suben-
dothelial thrombogenicity, and reduced the extent of vascular wall lesions resulting from
the hyperlipemic diet (Villalobos et al., 1998).

25.2.9 Antibacterial activity

Lodhia et al. (2009) compared the antibacterial of EPO with palmarosa oil, lavender oil,
and tuberose oil. Various levels of each oil ranging from 10% to 100% were examined. The
results demonstrated that the lower concentrations of EPO have more effect on gram-
negative conversely higher concentration presented more effect on gram-positive bacteria.

25.2.10 Antidiabetic activity

The global incidence of cases of diabetes mellitus has been increased rapidly (102.9%)
(Liu et al., 2020). Many medicines are available for the management of diabetes mellitus;
however; no perfect therapy has been reported yet. The herbal remedies are thought to
provide better management of diabetes by enhancing the immunity of the body. A study
of the antidiabetic activity of EPO was conducted by Takahashi et al. (1993). These results
suggest that EPO treatment is beneficial in enhancing abnormal lipid and thromboxane
(TX) A2 metabolism in diabetic patients.

Gestational diabetes occurs during pregnancy. It can affect pregnancy and the baby’s
health. After giving birth, gestational pregnancy returns to a normal level rapidly. In the
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clinical study, the efficacy of 1000 mg EPO and 1000 IU vitamin D (n5 30) by comparison
with placebo for six weeks on women with gestational diabetes was assessed on biochemi-
cal parameters at baseline and after treatment. Treatments with EPO and vitamin reduced
in serum high sensitivity C-reactive protein level and malondialdehyde significantly,
whereas the increase in plasma nitric oxide and total antioxidant activity level was
detected in the combination of EPO and vitamin D as compared with the placebo group.
Thus, women with gestational diabetes can use EPO as a source of natural antioxidant
compounds (Jamilian & Afshar, 2017; Jamilian et al., 2016).

Recently, a study was carried out to evaluate the potential use of EPO as an antiinflam-
matory, antioxidant, and vasodilating effect in type 2 diabetic patients (Safaa Hussain
et al., 2016). In this study, the first group (n5 13) treated with metformin (500 mg) tablets
twice daily alone, and the second group (n5 13) treated with the combination of metfor-
min (500 mg) and EPO (2 mg) capsule twice daily for three months treatment. The outcome
of the study showed that early treatment with EPO with traditional hypoglycemic drugs
could enhance therapeutic benefits and represent a good protocol to control the increase of
diabetes complications. Another study on rats conducted to evaluate the effects of 14 days
of oral administration with EPO (1.25 g/kg) and was compared to that of alpha-lipoic acid
(ALPA) (100 mg/kg) and insulin (2 IU/day), administered individually or in a mixture
(El-kossi et al., 2011). Compared with control diabetic rats, the combination of EPO and
ALPA enhanced glycemic control, lipid abnormalities, and antioxidant activity; therefore
recover the damaged functional properties of peripheral nerves greatly.

25.2.11 Treatment against kidney disorders

In 2009, the effects of EPO on calcium oxalate urinary stone risk factors in eight black
and eight white healthy male (treated with 1000 mg EPO daily for 20 days while following
a free diet) was investigated (Rodgers et al., 2009). It was reported that citraturia increased
substantially in each group. Urinary oxalate revealed a trend to decline in the black group.
Calciuria and the Tiselius risk index reduced significantly in each group. Carryover effects
were detected.

25.2.12 Atopic eczema/dermatitis

Since 1980, great attention had been given to natural plant oil extract as a potential sub-
stitute to topical corticosteroids for the management of atopic dermatitis (Lovell et al.,
1981; Wright & Burton, 1982). Although EPO was previously approved in the United
Kingdom as medicine for atopic dermatitis, marketing approval was withdrawn in 2002
due to the lack of confirmation of effectiveness (Bayles & Usatine, 2009). In an earlier
study, patients with atopic dermatitis were randomized to treated with EPO, EPO plus
fish oil, or placebo for 16 weeks (Berth-Jones & Graham-Brown, 1993). No enhancement
with active treatment was proved. In 1994, reports showed that EPO does not affect atopic
dermatitis (Berth-Jones & Graham-Brown, 1994). In 2008, a randomized placebo-controlled
study exhibited a significant difference in the outcome of treatment between the EPO
group and the placebo group. No significant adverse effect was observed by any
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patient/guardian at any stage of evaluation (Senapati et al., 2008).A meta-analysis indi-
cated that EPO (efamol) positive effect on itch, pruritis, crusting, edema, and redness
(erythema) that becomes apparent between 4 and 8 weeks after treatment is started.
Nevertheless, the extent of this influence decreases in relation with the increasing rate of
potent steroid use (Morse & Clough, 2006). There are numerous review articles on the
effectiveness of EPO alone or along with other oils on atopic eczema (Bamford et al., 2013;
Kerscher & Korting, 1992). A recent review concluded that treatment with EPO signifi-
cantly improved atopic dermatitis as compared to the placebo and is presently suggested
for management of atopic dermatitis (Schlichte et al., 2016). The previous review, pub-
lished in 2012, had demonstrated no strong evidence of the effect of EPO in eczema, and
they cannot be recommended for the public or for clinical practice at that time
(Bath-Hextall et al., 2012). Overall, some studies showed that EPO is a nontoxic and effec-
tive treatment for atopic dermatitis, however, since there are some conflicting results fur-
ther large trials are required.

25.2.13 Antineuropathic activity

It was reported that breast cancer survivors who have been treated with adjuvant che-
motherapy might experience suffer from late effects of chemotherapy, namely, congestive
heart failure, neuropathy, premature menopause, and osteoporosis. The study conducted
by Rock and DeMichele (2003) showed that EPO is beneficial for patients suffering from
chemotherapy-induced neuropathy. Patients who received EPO showed enhancements in
nerve function assessments and symptoms.

25.2.14 Hypocholesterolemic activity

In a study, the hypocholesterolemic effects of Oenothera biennis Linn oil, EPO, bio-
γ-linolenic acid oil, safflower oil, palm oil, and soybean in cholesterol-fed rats was evalu-
ated (Fukushima et al., 1997). The findings demonstrated that EPO prevents the increase
of serum total cholesterol and very-low-density lipoprotein, intermediate-density lipopro-
tein, and low density-cholesterol concentrations in the existence of surplus cholesterol in
the diet after 13 weeks of treatment. Later systematic and meta-analysis of randomized
clinical trials found that the oral administration of EPO at a dose of # 4 g/day consider-
ably decreases serum triglyceride concentration and substantially increases high-density
lipoprotein concentration in hyperlipidemic subjects (Khorshidi et al., 2020). The authors
suggested that large-scale and high-quality clinical studies are needed to demonstrate the
efficiency of EPO on lipid profile levels. Also, further studies can apply a higher dosage of
EPO and expand the study period.

25.2.15 Antiretroviral activity

Numerous patients who are treated with antiretroviral drugs also utilize alternative
medicine involving dietary supplements such as EPO. A systematic review was carried
out to explore the evidence for dietary supplement interactions with antiretrovirals
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(Jalloh et al., 2017). This review showed that the EPO significantly increases the levels of
antiretrovirals and patients should be examined for side effects whereas taking EPO with
antiretrovirals. Furthermore, this review indicates the importance of monitoring all human
immunodeficiency virus patients for dietary supplement receive to avoid treatment failure
or side effects associated with an interaction.

25.3 Conclusion

This chapter has shown there is increasing scientific data for the utilization of dietary
supplement of EPO as an integral part of the management of many diseases such as atopic
eczema, cancer, antitumor activity, inflammatory, and prevention or treatment of pain.
Although EPO has been utilized for centuries for much treatment of diseases, further stud-
ies regarding its effectiveness need to be strengthened. This does not mean that the effec-
tiveness is insufficient, but it does mean that further studies are required to be completed.
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& Puskás, L. G. (2015). Lipidomic analysis reveals a radiosensitizing role of gamma-linolenic acid in glioma
cells. Biochimica et Biophysica Acta (BBA)—Molecular and Cell Biology of Lipids, 1851(9), 1271�1282.

Azab, S. S., Abdel Jaleel, G. A., & Eldahshan, O. A. (2017). Anti-inflammatory and gastroprotective potential of
leaf essential oil of Cinnamomum glanduliferum in ethanol-induced rat experimental gastritis. Le Pharmacien
Biologiste, 55(1), 1654�1661.

Balci, F. L., Uras, C., & Feldman, S. (2020). Clinical factors affecting the therapeutic efficacy of evening primrose
oil on mastalgia. Annals of Surgical Oncology, 27(12), 4844�4852.

Bamford, J. T., Ray, S., Musekiwa, A., van Gool, C., Humphreys, R., & Ernst, E. (2013). Oral evening primrose oil
and borage oil for eczema. Cochrane Database of Systematic Reviews (Online), 2013(4)Cd004416.

Bath-Hextall, F. J., Jenkinson, C., Humphreys, R., & Williams, H. C. (2012). Dietary supplements for established
atopic eczema. Cochrane Database of Systematic Reviews (Online) (2)Cd005205.

Bayles, B., & Usatine, R. (2009). Evening primrose oil. American Family Physician, 80(12), 1405�1408.
Belch, J. J., Ansell, D., Madhok, R., O’Dowd, A., & Sturrock, R. D. (1988). Effects of altering dietary essential fatty

acids on requirements for non-steroidal anti-inflammatory drugs in patients with rheumatoid arthritis: A dou-
ble blind placebo controlled study. Annals of the Rheumatic Diseases, 47(2), 96�104.

Belch, J. J., & Hill, A. (2000). Evening primrose oil and borage oil in rheumatologic conditions. The American
Journal of Clinical Nutrition, 71(1 Suppl.), 352s�356s.

Berth-Jones, J., & Graham-Brown, R. A. (1994). Evening primrose oil. Does not show promise in atopic dermatitis.
BMJ (Clinical Research ed.), 309(6966), 1437.

Berth-Jones, J., & Graham-Brown, R. A. C. (1993). Placebo-controlled trial of essential fatty acid supplementation
in atopic dermatitis. The Lancet, 341(8860), 1557�1560.

328 25. Biological activities of evening primrose oil

Multiple Biological Activities of Unconventional Seed Oils

http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref1
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref1
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref1
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref2
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref2
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref2
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref3
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref3
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref3
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref4
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref4
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref4
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref4
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref5
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref5
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref5
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref5
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref6
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref6
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref6
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref6
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref7
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref7
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref7
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref8
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref8
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref9
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref9
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref10
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref10
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref11
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref11
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref11
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref11
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref12
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref12
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref12
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref13
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref13
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref14
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref14
http://refhub.elsevier.com/B978-0-12-824135-6.00032-5/sbref14


Blommers, J., de Lange-de Klerk, E. S. M., Kuik, D. J., Bezemer, P. D., & Meijer, S. (2002). Evening primrose oil
and fish oil for severe chronic astalgia: A randomized, double-blind, controlled trial. American Journal of
Obstetrics and Gynecology, 187(5), 1389�1394.

Brzeski, M., Madhok, R., & Capell, H. A. (1991). Evening primrose oil in patients with rheumatoid arthritis and
side-effects of non-steroidal anti-inflammatory drugs. Rheumatology, 30(5), 370�372.

Burmester, G. R., & Pope, J. E. (2017). Novel treatment strategies in rheumatoid arthritis. The Lancet, 389(10086),
2338�2348.

Cameron, M., Gagnier, J. J., & Chrubasik, S. (2011). Herbal therapy for treating rheumatoid arthritis. Cochrane
Database of Systematic Reviews (Online) (2)Cd002948.

Cameron, M., Gagnier, J. J., Little, C. V., Parsons, T. J., Blümle, A., & Chrubasik, S. (2009). Evidence of effective-
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