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Summary
With the objective of evaluating the use of Borago officinalis oil in the treatment of premenstrual syndrome (PMS)
symptoms, we assessed 180 patients who presented a clinical diagnosis of PMS and who were treated with one daily
900mg borage oil capsule. Efficacy and safety assessments were performed based on data obtained prior to the start of
treatment (Pretreatment), and after each menstrual cycle (Assessment 2 - first menstrual cycle after the start of
treatment; Assessment 3 - second menstrual cycle; Assessment 4/Final Assessment - third menstrual cycle). Efficacy
assessments included a PMS questionnaire evaluating emotional and physical PMS symptoms and the Patient and
Physician Assessments, in which both the subject and the physician rated the patient’s overall condition on a scale of 110 points. The primary safety and tolerability measures included any changes in vital signs and physical exam in relation
to pretreatment, changes in laboratory exams, and the occurrence of adverse events after the first dose of study
medication. We observed a statistically significant reduction in the total scores of the PMS assessment (p<0.0001), with

95.4% of all patients displaying some reduction in scores at Assessment 4 in relation to Pretreatment values. The
emotional symptoms and physical symptoms scores also decreased significantly from Pretreatment to Assessment 4
(p<0.0001 for both). In the Patient and Physician Assessments, there was a statistically significant increase in the both
the patient’s and physician’s scores throughout the study in relation to pretreatment values (c2= 328.4; DF= 4;
p<0.0001 for Patient Assessment and c2= 355.3; DF= 24; p<0.0001 for Physician Assessment). The majority of the
adverse events (AEs) recorded were mild to moderate in intensity, and none were considered serious. The most common
AEs were related to the digestive/gastrointestinal tract, specifically stomach/abdominal upset. Physical assessments did
not vary significantly throughout the treatment period. Based on the results of this study, we conclude that the use of
Borago officinalis oil was safe and effective in the treatment of the physical and emotional symptoms of premenstrual
syndrome in the patient population evaluated.
Introduction
The term Premenstrual Syndrome (PMS) refers to the cyclic group of physical and behavioral symptoms that occur
repetitively during the luteal phase of the menstrual cycle and subside after the start of menstrual bleeding1. It is
commonly classified as a psycho-neuro-endocrine disorder of unknown etiology, whose symptoms are not caused by
organic disease 2.
The symptoms of PMS vary in intensity, ranging from mild discomfort to severe symptoms that significantly impact the
patient’s daily routine. PMS is common, and it is estimated that 30-40% of all women of reproductive age suffer from
symptoms strong enough to impact daily life to some degree, while 3-8% suffer a more severe form of PMS, known as
premenstrual dysphoric disorder, in which the disability caused by the symptoms is severe1,3-6.
Over 150 symptoms associated with PMS have been identified, however the number of symptoms commonly observed in
affected patients is significantly smaller. Among the most common symptoms (reported among 80-92% of affected
patients) are fatigue, irritability, abdominal distension, anxiety/tension, mastalgia, mood swings, and depression. Other
common symptoms (reported by 50-80% of affected patients) are cravings for specific types of foods (predominantly
chocolate), acne, increased appetite, hypersensitivity to environmental stimuli, swelling, anger, easy crying, feeling of
emotional isolation, headache, and memory lapses7. The prevalence of PMS appears to be independent of ethnicity and
socioeconomic or cultural conditions 8,9.
Current evidence suggests that PMS arises from the interactions between the cyclic changes in ovarian steroids
(progesterone and estrogen) and central neurotransmitters. Serotonin is identified as the principal neurotransmitter
involved in the manifestations of PMS, although there is evidence of the involvement of other neurotransmitters, including
beta-endorphin, gamma-aminobutyric acid (GABA), as well as the autonomic nervous system. Some of the systemic
manifestations, such as abdominal distension, may arise from peripheral mechanisms 10-14.
A correlation between the symptoms of PMS and nutritional deficiency has also been postulated, with controversial
results. No difference in vitamins A, E, or B6 levels were detected between women with and without PMS 15-18. While
there is evidence that magnesium supplementation may improve PMS symptoms19, no difference was detected between
affected and non-affected women in intracellular magnesium levels throughout the menstrual cycle, and studies of serum
levels presented diverging results 20-24. Contrary to popular belief, several studies have indicated that stress does not
play a central role in the severity of PMS, and it appears more likely that PMS causes stress rather than the possibility of
stress causing PMS 25-28.
There is no single diagnostic test to confirm the presence of PMS. Diagnostic confirmation of PMS should take into
account the specific symptoms, the timing of the symptoms (they should occur during the luteal phase), symptom
severity, as well as the absence of hormone intake, use of narcotic drugs and medications, as well as exclusion of other
possible diagnoses. Differential diagnosis for PMS includes premenstrual exacerbation of existing psychiatric disorders,
perimenopause, as well as medical conditions such as hypo- or hyperthyroidism. The differentiation between these
conditions is important because the therapeutic approach to each condition is individual 7,29,30.
The treatment of PMS depends on the severity of the symptoms. Conservative therapies are often recommended prior to
drug therapy, and may offer additional benefits to patients undergoing drug treatment. These include physical exercise to
combat stress, tension, anxiety, and depression, as well as relaxation therapy, and dietary modifications. In cases of
more severe symptoms, drug therapy may be indicated. The most commonly used medications in the treatment of PMS
include the selective serotonin reuptake inhibitors (the most widely used of which is fluoxetine), anxiolytics (the most
commonly prescribed is alprazolam), oral contraceptives, spironolactone, and in more severe cases, gonadotropinreleasing hormone agonists, which temporarily interrupt the menstrual cycle 4,31.
The search for non-drug alternatives that are safe and effective is common among patients with moderate symptoms, for
a variety of reasons. The use of dietary supplements is frequently adopted by women with moderate symptoms in whom:
a) lifestyle changes did not impact PMS symptoms satisfactorily; b) symptoms are not severe enough to warrant drug

treatment; c) there is a preference to avoid long-term drug therapy due to side effects; and d) patients trying to get
pregnant32. Although their efficacy has not been confirmed in controlled clinical trials, commonly used dietary
supplements include calcium, manganese, magnesium, vitamin B6, vitamin E, multivitamins, carbohydrate supplements,
herbal extracts, and essential free fatty acids 32.
Supplements containing long-chain fatty acids include primrose oil, black currant oil, and borrage oil. Borrage oil is
extracted from the seeds of the Borago officinalis plant, and its main component is g-linolenic acid (GLA). GLA is an
unsaturated omega-6 fatty acid, that in addition to acting as a precursor in prostaglandin synthesis, was experimentally
proven to reduce production of interleukin 1-beta (IL-1beta), which may play a role in inflammation and diseases such as
rheumatoid arthritis. GLA may also affect cAMP levels which in turn inhibit synthesis of tumor necrosis factor-alpha, the
central inflammatory mediator which also regulates joint destructive processes in rheumatoid arthritis 33,34.
Prostaglandins are formed by the conversion of linolenic acid to gamalinolenic acid via arachidonic acid, and a reduction in
this conversion has been observed in several clinical conditions, including PMS. The use of borage oil and other similar
supplements is based on the theory that women with PMS have a GLA-related deficiency, and that this deficiency can lead
to abnormalities in prostaglandin synthesis, which may contribute to the symptoms of PMS 31,32.
Objectives
To evaluate the use of Borago officinalis in the form of borage oil capsules (900mg) in the treatment of the
symptomatology specific to PMS. To evaluate the efficacy and safety of the use of borage oil in the treatment of PMSspecific symptoms in terms of clinical assessments and questionnaires completed by the patient and the investigating
physician, physical exam results, and incidence of adverse events, including clinically significant changes in laboratory
exams.
Material and methods
Based on the medical records of patients presenting PMS and attended atHospital das Clínicas de Teresópolis, Fundação
Educacional Serra dos Órgãos until May 2010, 180 subjects were selected for the study, following Ethical Committee
approval (approval no. 462-10). Inclusion criteria specified for female patients of reproductive age with a previous clinical
diagnosis of PMS, treated with Borago officinalis in the form of 900mg borage oil capsules (standardized to a minimum of
180mg GLA/capsule, one capsule per day, commercially available in Brazil as Gamaline V - Herbarium) for a minimum of
three menstrual cycles, and who were not pregnant or breastfeeding and using adequate birth control. Patients
presenting hypersensitivity to borage oil, who had received medication for treatment of specific PMS symptoms within 60
days of the pretreatment assessment, and patients with a previous diagnosis of premenstrual dysphoric disorder were
excluded from the study.
The clinical research form contained physical exam and clinical laboratory test results obtained from before, during, and
at the conclusion of treatment. Efficacy assessments were performed based on data obtained prior to the start of
treatment (Pretreatment), and after each menstrual cycle (Assessment 2 - first menstrual cycle after the start of
treatment; Assessment 3 - second menstrual cycle; Assessment 4/Final Assessment - third menstrual cycle).
The primary efficacy measures included a PMS questionnaire evaluating emotional and physical PMS symptoms. Patients
assessed the presence of symptoms with: "0" if the symptom was absent; "1" if the symptom was barely noticeable; "2"
if the symptom inhibited activities; and "3" if the symptom altered their lifestyle. The highest possible score for the
emotional symptom checklist was 54 points, and the highest possible score for the physical symptom checklist was 45.
The sum of the emotional + physical symptom checklist was recorded as the total score of the questionnaire.
Secondary efficacy measures included the Patient and Physician Assessments, in which both the subject and the physician
rated the patient’s overall condition on a scale of 1-10 points, with "1" corresponding to the worse assessment and "10"
the best. At Assessment 4, the patient’s willingness to continue treatment with the borage oil capsule was also rated on a
scale of 1-10 points, with "10" corresponding to most willing to continue treatment. At Assessment 4, the study physician
also evaluated the overall efficacy of the study medication as "Very Good", "Good", "Fair", or "Poor".
The primary safety and tolerability measures included any changes in vital signs and physical exam in relation to
pretreatment, and any changes in clinical laboratory exams in relation to pretreatment, and the occurrence of adverse
events after the first dose of study medication. Any laboratory exams out of reference range were recorded as adverse
events. The secondary safety measure was the evaluation of overall tolerability of the study medication performed at
Assessment 4 by the study physician, using the same classifications of "Very Good", "Good", "Fair", or "Poor" as were
used for the overall efficacy assessment.
The clinical research form was filled, coded and the data were analyzed using GraphPad Prism v. 5.1. software. Frequency
tables were generated and central tendency measures were calculated (mean, median, mode). As appropriate, we used
the Student’s T-test or the repeated-measures analysis of variance (ANOVA) for continuous variables and Fisher’s test or

the c2 test for categorical variables. Results were compared between each assessment and throughout the study.
Efficacy endpoints included the percentage of patients with a reduction in the total score of the PMS questionnaire, as well
as in the individual emotional and physical symptoms scores. The percentage of patients with Patient and in the
Physician’s Assessments scores of 8-10 at the final Assessment were also efficacy endpoints, along with the percentage of
patients receiving an assessment of "Very Good" in the overall assessment of efficacy performed at the study end by the
investigating physician.
The safety endpoints for this study included the percentage of patients presenting adverse events, the percentage of
patients presenting laboratory alterations, and the percentage of patients receiving an assessment of "Very Good" in the
overall assessment of tolerability performed at the study end by the investigating physician.

Results
A total of 180 patients were included in the study, in accordance with the protocol. Figure 1 demonstrates the
flow of patients through the study. Table 1 summarizes the demographic and baseline data collected at the
start of the study. The most common type of contraceptive reported was hormonal pills, followed by
intrauterine devices, diaphragm, condoms, and calendar-based contraception. At Pretreatment, 43 patients
(23.9%) reported dysmenorrhea, while 8 (4.4%) patients reported intermenstrual bleeding, and 3 (1.7%)
reported amenorrhea.

Data are mean (+SD).

Figure 1 - Flowchart of patients in the study.

Figure 2 - PMS questionnaire scores.
The total scores of the PMS assessment decreased in a statistically significant manner from Pretreatment to
Assessment 4 (p<0.0001), with a total of 95.4% of all patients displaying some reduction in scores at
Assessment 4 in relation to Pretreatment values. Figure 2 summarizes the results of the PMS questionnaire
scores for emotional symptoms and physical symptoms at each study assessment. The mean emotional
symptom scores decreased significantly from Pretreatment to Assessment 4 (p<0.0001). At Assessment 4,
77.9% of patients showed improved emotional symptom scores in relation to Pretreatment values, with a
mean percentage score reduction of 27.69%. The physical symptom scores of the PMS questionnaire also
decreased significantly from Pretreatment to Assessment 4 (p<0.0001), with 93.9% of patients showing
improvement. The percentage score reduction was 42.3% from Pretreatment to Assessment 4 in the PMS
questionnaire scores of physical symptoms.

Figure 3 - Patient and physician assessment of overall condition.

Data are n.
Figure 3 summarizes the results of the evaluations of overall condition performed by the patients and the
study physician at each study assessment. There was a statistically significant increase in the patient’s scores
throughout the study in relation to pretreatment values (c2= 328.4; DF= 4; p<0.0001), with 48.1% of
patients responding with scores of 8-10 at Assessment 4. The scores of the physician’s assessment of overall
condition also showed significant improvement in relation to pretreatment scores (c2= 355.3; DF= 24;
p<0.0001). At Assessment 4, 43.5% of the patients received scores of 8-10 in the physician’s assessment of
overall condition.
The physician’s assessment of overall efficacy at Assessment 4 was given as "Very Good" for 42 (32.06%)
patients, "Good" for 50 (38.17%) patients, "Acceptable" for 22 (16.79%), and "Poor" in 17 (12.97%)
patients.
Table 2 summarizes the results of the physical evaluations performed at each assessment and used as safety
measures. Throughout the 4-month treatment period, there were no significant changes in weight (p=0.598),
body mass index (BMI) (p=0.508), blood pressure (BP) (p=0.432 for systolic BP; p=0.055 for diastolic BP),
or pulse (p=0.331).
A total of 39 (21,7%) patients presented adverse events (AEs), for which 17 patients were withdrawn from
treatment. The AEs observed are summarized in Table 3. The majority of the AEs recorded (77.7%) were
mild to moderate in intensity, and none were considered serious. The most common AEs were related to the
digestive/gastrointestinal tract, specifically stomach/abdominal upset. The laboratory alterations recorded
were as follows: elevated transaminases (ALT/AST) (n=3); elevated blood glucose (n=2); elevated amylase,
bilirubins, and BUN (n=1 for each).
Overall tolerability was considered "Very Good" among 50 (38.17%) subjects in the physician’s assessment
of overall tolerability, while it was considered "Good" in 55 (41.98%) patients, "Acceptable" among 17

(12.97%) patients, and "Poor" in 9 (6.87%) patients.
At the end of the treatment period, subjects who completed the treatment cycle were asked to rate their
willingness to continue treatment on a scale of 1 (very unwilling) to 10 (very willing). A total of 70 patients
(53.44%) responded with scores of 9-10.
Discussion
The results of this study indicate a beneficial effect of borage oil in the treatment of PMS symptoms. While
borage oil is widely marketed for use in the treatment of PMS symptoms, references in the literature of
studies specific for this indication are scarce. Much of what is known about GLA is based on studies involving
evening primrose oil, derived from the seeds of the Oenothera biennis plant, which contains a slightly lower
GLA concentration in relation to borage oil35.
The oil extracted from the seeds of the Borago officinalis plant is a rich source of g-linolenic acid (GLA), an
essential fatty acid of the omega-6 series which represents the first product of the n-6 polyunsaturated fatty
acid pathway. The underlying mechanism of action of GLA is believed to result from its downregulation of
prostaglandin E2 production, which takes place by a rapid conversion of GLA to dihomo-g-linolenic acid
(DGLA). This conversion increases PGE1 production, and consequently increases intracellular cAMP levels,
which in turn inhibits phospholipase, thus limiting the release of arachidonic acid (AA)32.
GLA and its biosynthesis are crucial to n-6 polyunsaturated fatty acid metabolism. GLA is synthesized in
mammals from dietary linoleic acid by the action of D6-desaturase, a rate-limiting enzyme. It is then
converted to DGLA through the action of a polyunsaturated fatty acid-specific elongase. The enzyme D5desaturase converts DGLA to arachidonic acid, but both DGLA and arachionic acid can be metabolized to form
eicosanoids (including prostaglandins). While oxidation of DGLA yields 1-series of prostaglandins by
cyclooxygenase, arachidonic acid is converted to 2-series prostaglandins (also by cyclooxygenase) or 4-series
leukotrienes (by 5-lipoxygenase). These metabolites are essential in the regulation of many biological
activities, and also exert modulatory effects in a variety of diseases. They act in suppression of chronic
inflammation, inhibition of platelet aggregation and thrombosis, suppression of vasodilation, lowering of
blood pressure, and also inhibit the development of smooth muscle cell proliferation-associated
atherosclerotic plaque 32,35,36.
Reduced conversion rates of LA to GLA and consequent reduction in production of n-6 polyunsaturated fatty
acids has been attributed to symptoms associates various conditions, including diabetes, aging, atopic
dermatitis, rheumatoid arthritis, alcoholism, cancer, cardiovascular disease, and PMS. These observations
have led to the theory, corroborated in clinical studies, that dietary supplementation with GLA which
effectively bypasses D6-desaturation, effectively alleviates many of these symptoms 36.
At the end of the study, 95.4% of the patients displayed reduction in the total PMS assessment scores in
relation to pretreatment values. In the analysis of the individual sub-items (emotional symptoms and physical
symptoms), while there was a statistically significant score improvement at Assessment 4 in relation to
pretreatment for both items, a higher percentage of patients displayed improvements in the scores of the
physical symptoms section of the assessment (93.9%) as compared to the percentage of patients displaying
improvement in the emotional symptoms (77.9%). The physical symptoms assessed in the PMS
questionnaire included pain and discomfort such as lower back pain, headache, and breast tenderness
common among women suffering from PMS. The anti-inflammatory properties of the borage oil may have
better addressed these symptoms as compared to the emotional symptoms assessed, which included mood
swings, anxiety, and irritability, among others.
With regards to the adverse effects recorded during treatment, the majority of these affected the GI tract,
and were mild or moderate in severity. Gamolenic and linoleic acids from evening primrose oil, and
presumably similar sources such as borage oil, have been reported to produce minor gastrointestinal
disturbances and headache35,37. The laboratory alterations recorded above reference ranges were transitory
and none were considered severe. However, long-term dietary supplementation with essential fatty acids
should take into account the effect of these compounds on lipid indexes.

Although some previous studies of polyunsaturated fatty acids from evening primrose oil or other GLA-rich
supplements in the treatment of PMS symptoms have had controversial results, these may have been due to
variations in the concentrations of the s used, as well as flaws in the trial designs 38-41. However, in a recent
study, Rocha Filho et al. (2011) reported improvement in PMS symptoms using the Prospective Record of the
Impact and Severity of Menstruation (PRISM) calendar among patients receiving 1 or 2g daily of
polyunsaturated fatty acids (at a cyclical dosing schedule of a 15-day treatment period beginning on the 15th
day of the menstrual cycle). The results of this double-blind, placebo-controlled study demonstrated a
significant symptomatic improvement among subjects who received the active treatment, with a greater
improvement among subjects who received the higher dose. The authors also monitored cholesterol levels
throughout the 6-month treatment period, reporting no change in laboratory parameters 42.
Conclusion
Based on the results of this study, we conclude that the use of Borago officinalis oil was safe and effective in
the treatment of the physical and emotional symptoms of premenstrual syndrome in the patient population
evaluated.
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