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ABSTRACT

Borage (Borago officinalis L.) is noted for its bioactive compounds, particularly gamma-linolenic acid (GLA), which may
play a role in respiratory inflammatory processes. This study reviews its chemical makeup, anti-inflammatory and anti-
asthmatic effects, and clinical data regarding asthma. Borage may influence leukotriene production and lipid mediator
metabolism, potentially alleviating respiratory symptoms. However, clinical evidence is limited, and variability in plant
materials and study designs complicates comparisons. Safety concerns, particularly regarding pyrrolizidine alkaloids,
are significant. B. officinalis shows promise for asthma research, necessitating rigorous clinical studies and safety
assessments to better understand its therapeutic potential.
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1 INTRODUCTION

The plant Borago officinalis L. (family: Boraginaceae) has significant nutritional and therapeutic benefits. The facility
exhibited both pharmaceutical and industrial applications [1, 2]. Borage or starflower are common names for it [3, 4].
Borage originates in the Mediterranean and has spread to North Africa, Europe, Asia, and South America. It was first
grown for food and medicinal purpose[5] . Borage could flourish in a variety of environments and soil types. It
germinates from November to January and is collected throughout the flowering phase prior to [6]. It grows to a height
range of 70 to 100 cm [7]. According to Basar et al. [8] and Montaner et al. [9], the parts are pink to blue and infrequently
white, and they emit a strong fresh cucumber-like scent.

The plant is used to gather oil and seeds; the rest is frequently disposed of as debris and then sold as herbal tea. The
plant can be utilized for many reasons because it has a variety of active elements [10]. The leaves and petals can be used
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as a source of affordable, healthful products [11] and are typically consumed as food [12]. Because The plant seed, which
is used as a nutritional supplement to treat a variety of illnesses, has the highest content of GLA [13].

Furthermore, the Borage seed oil (BSO) has demonstrated efficacy in treating a number of conditions, including
Rheumatism [14], breathing problems [15], allergic Skin irritation, symptoms associated with Menopause phase, and
neuropathy diabetic [16]. Previous research on BSO showed improvements in bone health, anti-inflammatory effects,
and lipid metabolism control [17, 18]; Other research revealed dermatitis, eczema, and skin hydrating [19].
Interestingly, the high GLA concentration (15-22%) of BSO is responsible for its therapeutic properties [20].

One of these disease is Asthma. The most common lung condition in the world, asthma is complicated and multifaceted.
A multidisciplinary approach to asthma diagnosis and treatment is made possible by improved subtype classification
made possible by advances in our understanding of its pathophysiology. Age-related differences in the differential
diagnosis of asthma can range from a foreign body inhaled by a small child to a pulmonary embolism or heart failure in
an elderly person [21]. In 2023, asthma killed 442,000 people and impacted an estimated 363 million people [22].

This review's goal is draw attention to B. officinalis L.'s possible contribution to lowering asthma-related attacks.

2 CHEMICAL CONSTITUENTS OF B. OFFICINALIS L. RELATED WITH ASTHMA

The metabolites reported included resins, tannins, ascorbic acid, niacin, beta-carotene, riboflavin, silicic acid, thiamin,
choline arabinose, polyphenolics, and unsaturated pyrrolizidine alkaloids (PA) [7, 23, 24].

Examining the fresh leaves and flowering upper parts of borage showed significant amounts of palmitic acid found in
the leaves and a-linoleic acid in the fixed oil fractions of the flowers.

Arachidonic acid was absent from the leaves, although carotenoids, flavonoids, ascorbic acid, essential oils, and
chlorophyll a and b were found. According to Borowy et al. [25], other lipids were found to include oleic, stearic, elaidic,
linolelaidic, linoleic, lauric, and myristic acids.

Fatty acids, such as y-linolenic acid (GLA), essential oils, phenolic acids (such as rosmarinic acid), flavonoids,
anthocyanins, tannins, and saponins are the primary types of useful compounds linked to Boraginaceae species.
Allantoin and naphthoquinone pigments, such as shikonin, are extremely specialized. The buildup of silica (silicon
dioxide) in trichomes is another characteristic that sets them apart. Mucilages are produced by certain taxa [26].

3 TRADITIONAL USE OF B. OFFICINALIS L.

Folk medicine uses both the above-ground portions of borage and the oil from seeds [13]. Infusions of the plant are used
to treat rheumatism, bronchitis, Skin irritations and cold symptoms, and UTIs [27]. Borage extracts have historically
been used to treat cardiovascular, pulmonary, and overactive gastrointestinal conditions [2].

Since ancient times, Ancient Iranian medicine has used Borage's above ground portions as a tranquilizer and to treat
pneumonia, sore throats, coughs, inflammation, and edema [13]. According to Navaey et al. [28], borage leaves have
demulcent, diuretic, expectorant, and emollient properties. In traditional medicine, borage blossoms are used as
sedatives [29] and bronchodilators [13].

4 ANTI-INFLAMMATORY & ANTI-ASTHMATIC MECHANISM

Asthma is a complicated illness that causes inflammation and smooth muscle spasm, which restrict and block the airway.
It has been shown that the pathophysiology of asthma is significantly influenced by the metabolism of arachidonic acid
(AA) via the 5-lipoxygenease route to generate leukotrienes. In particular, the cysteinyl leukotrienes LTC4, LTD4, and
LTE4 cause the smooth muscles of the bronchi to contract, Mucus formation in the respiratory tract and blood vessel
dilation by acting at GPCRs CysLT1R and CysLT2R [30, 31].

Furthermore, LTB4 acts at a particular GPCR, BLT1, and is a strong Granulocyte chemical attraction agent, effector T
cells, and monocytes [32]. Together, leukotrienes have many pro-inflammatory characteristics, and leukotriene-altering
medications have shown promise in the treatment of allergic rhinitis [33] and asthma [34].

It has been shown that adding supplementing diets with marine and plant oils based on fatty acids can lessen the
rigorousness of a number of offensive conditions, such as asthma. The ability of n-6 and n-3 polyunsaturated fatty acids
to change AA metabolized to generate eicosanoids has been identified as one of the main mechanisms underlying their
effectiveness [35].
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The 18-carbon polyunsaturated fatty acid (PUFA) gamma-linolenic acid (GLA; 18:3, n-6) found in borage seed oils is
elongated to dihommo-gammalinolenic acid (DGLA) by the majority of tissues and inflammatory cells. Membrane
phospholipids then incorporate freshly produced DGLA. Similar to EPA, DGLA can rival AA in the production of
eicosanoids. Additionally, cyclooxygenase enzymes convert DGLA to prostaglandin (PG)H1, which is subsequently
transformed into PGE1 [36-38].

In a way that is compatible with a decrease in inflammation, Borage essential oil dietary additives modifies 20-22C
PUFA levels and decreases leukotriene formation [39].

Because of its high quantities of gamma-linolenic acid (GLA) and other useful fatty acids, B. officinalis L., a member of
the Boraginaceae family of plants, has demonstrated potential as an anti-asthmatic agent. B. officinalis extract was found
to dramatically lessen the intensity of airway hyperresponsiveness, wheezing, coughing, dyspnea, and sleep
disturbances associated with asthma in clinical studies. It also decreased the usage of relievers, asthma exacerbations,
and emergencies. Additionally, either administered alone or in combination with echium seed oil, B. officinalis oil can
lower amounts of polyunsaturated fatty acids with 20-22 carbons (PUFAs) and leukotriene synthesis, indicating actions
on the airways that reduce inflammation.

According to the research, B. officinalis may be a useful supplement for managing asthma [40].

In the study of [41], which involved 38 individuals with an average age of 46.8+15.3 years and an average asthma
duration of 71+103 months, the group treated with borage demonstrated an improvement in the clinical findings of
asthma; however, the physiological parameters, such as FENO, oxygen saturation, and sputum analysis, including
neutrophil and eosinophil, remained unchanged.

5 SAFETY AND LIMITATION

Despite being frequently consumed as a vegetable or herb, borage, or B. officinalis, also produces lethal pyrrolizidine
alkaloids (PA). Borage leaves were among the foods for which the European Union (EU) set the highest PA quantity
restrictions in 2020 [42].

About 3% of blooming plants from various plant families produce pyrrolizidine alkaloids (PA), which are naturally
occurring plant poisons [43]. Furthermore to plants that produce PA itself and are consumed as diet (like borage) or
medicinal plants (like comfrey or coltsfoot), PA can be discovered as pollutants in a range of foods, including honey,
spices and herbs, tea and herbal remedies, and nutritional supplements [44-47]. additionally, if the feed is contaminated,
PA can be passed on to products derived from animals [48, 49].

After metabolic activation, 1,2-unsaturated PA can be genotoxic and hepatotoxic[50]. The molecular structure of 1,2-
unsaturated PA determines its hazardous potential. The most powerful poisons are generally thought to be cyclic
diesters, open-chain diesters, and monoesters [51].

In an effort to lower consumer consumption of hazardous PA, the EU set highest possible values for certain PA in a range
of foods in 2020.

According to [52], For fresh as well as frozen leaves, the maximum PA content in borage is 750 pg/kg; for dried leaves,
itis 1000 pg/kg.

The complex nature of dietary matrices, the prevalence of distinct The structural similarities between PA, and the
absence of guidelines for standard criteria make PA analysis difficult [53].

Apart from PA assessment in feed and food products, attempts have been undertaken to examine PA adducts discovered
in animal and human bio fluids or liver tissue following PA consumption [54-56].

For example, no detectable PA was found when [57] examined the above parts of a borage plant. On the other hand, the
total PA content of young borage leaves was 253 ug/kg, according to [58], every product that contained borage

contained PA, according to their analysis of new and frozen herbal harvests from the German shop.

The EFSA recommended deeper analyzing data collection and evaluation of PA not covered by present laws due to the
paucity of information on the prevalence of PA in foods [44].

Depending on whether unsaturated double bonding is present at sites C-1 and C-2 of the necine structure, PAs are
categorized as either unsaturated or saturated. Platynecine (PLA) and other saturated PAs and necine base are
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recognized to be safe. The three kinds of unsaturated PAs are retronecine, heliotridine, and otonecine. Retrieversine
and senecionine are PAs of the RET type, whereas clivorine and senkirkine are OTO-type PAs. Heliotrine & lasiocarpine
are examples of HEL-type PAs.

It is also possible to make N-oxides by oxidizing nitrogen atoms on the necine moiety, which in many plants interact
with PAs [59]. Nevertheless, otonecine-type PAs cannot generate a matching PA N-oxide because of the methylation of
nitrogen in the necine base core structure. While 1,2-unsaturated PAs are extremely dangerous because of their
hepatotoxic, carcinogenic, and genotoxic characteristics, saturated PAs often show little to no toxicity [44].

PAs are transferred to the liver after absorption in the small intestine. There, cytochrome P450 enzymes (CYP450) break
them down into bioactive major metabolites known as dehydropyrizidine alkaloids (DHPAs), They are then broken
down to create derivatives of dihydropyran (DHPs). DHPAs and DHPs can rapidly interact with macromolecules in cells,
such as pyrrole-DNA adducts, pyrrole-protein adducts, protein-DNA cross-links, and protein-protein cross-links, due
to their strong electrophilicity [60].

However, nonspecific esterase enzymes have the ability to hydrolyze PAs into necine and necic acid. The urinary tract
can remove these non-toxic necines and necic acids by binding to regular polar molecules [61].

The relative lack of direct research examining the impact of borage on asthma and the small number of clinical trials are
major limitations of this study; also, it is challenging to compare the studies due to differences in extract type, dosage,
and preparation techniques. Furthermore, the results cannot always be applied to all plant preparations because some
data is based on GLA or borage oil rather than the entire plant.

6 CONCLUSION
Borage shows promising potential for asthma management, particularly due to its content of bioactive compounds—

such as gamma-linolenic acid (GLA)—that may possess anti-inflammatory properties.

The plant may affect inflammatory processes linked to asthma, including as the metabolism of lipid mediators and
leukotrienes, according to available experimental and clinical data, with signs of relief in certain respiratory symptoms.

Nevertheless, there is still a lack of data, particularly when it comes to standardized herbal preparations and large-scale
clinical trials. Additionally, while evaluating the plant's safety, the presence of pyrrolizidine alkaloids is an important
consideration. Therefore, even though B. officinalis is a promising botanical option for asthma research, more carefully
planned clinical trials, standardization of extracts and dosages, and thorough safety evaluations are necessary before
its therapeutic efficacy in asthma patients can be determined.
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