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ABSTRACT

Willow bark (Salix spp.) is an ingredient in some dietary sup-

plements. No serious adverse effects were reported from

trials of willow bark extracts delivering 120–240mg salicin

(the purported active constituent) daily for up to 8 weeks. All

studies involved adults only; none involved special subpopula-

tions such as pregnant or breastfeeding women, or children.

The most common adverse effects associated with willow

bark are gastrointestinal; a few allergic reactions were also re-

ported. Some publications advise caution when taking willow

bark. There is a risk of increased bleeding in vulnerable indi-

viduals, salicylates cross the placenta and are eliminated

slowly in newborns, some persons are sensitive or allergic to

aspirin, and children are at risk of Reye syndrome. Concurrent

use with other salicylate-containing medicines increases

these risks. Metabolism of 240mg salicin from willow bark

could yield 113mg of salicylic acid, yet dietary supplement

products are not required to be labeled with warnings. In con-

trast, over-the-counter low-dose aspirin (81mg strength),

which delivers 62mg salicylic acid, is required by law to in-

clude cautions, warnings, and contraindications related to its

use in pregnant and nursing women, children, and other vul-

nerable subpopulations, e.g., those using anticoagulants. In

the interest of protecting public health, the United States

Pharmacopeia has included a cautionary labeling statement

in the United States Pharmacopeia Salix Species monograph

as follows: “Dosage forms prepared with this article should bear

the following statement: ‘Not for use in children, women who are

pregnant or nursing, or by persons with known sensitivity to as-

pirin.’”

United States Pharmacopeia Safety Review of Willow Bark
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Introduction
Willow bark (▶ Fig. 1) is obtained from the bark of various species
of Salix (willow tree) belonging to the Salicaceae family of plants.
Roughly 500 species of the genus Salix are known, mainly, in
Europe and North America [1, 2]. The most popular species used
medicinally are Salix alba L., Salix nigra Marshall, Salix purpurea L.,
Salix daphnoides Vill., and Salix × fragilis L. These species contain
higher amounts of salicylate precursors compared to most other
species [1]. Willow bark has been used as a medicine since at least
the days of Hippocrates (400 BC) when physicians advised their
patients to chew the bark to reduce fever and inflammation [3].
Historical records indicate that Babylonians used willow tree bark
or leaf extracts to treat common fever, pain, and inflammation.
1192
According to one clay tablet dating back 4000 years, the Sumer-
ians were the first known civilization to register medical prescrip-
tions for pain, one prescription being Salix spp. [4].

Chemical investigation into therapeutically active substances in
willow extract startedwith extraction of the barkof Salix × latifolia J.
Forbes by Wilkinson in 1803. S. × latifolia bark extract was partially
purified and called salicin after the genus name Salix by Buchner in
1828 and it was obtained in pure crystalline form by Leroux in
1829. Hydrolysis yielded salicyl alcohol, which was also isolated by
Pagenstecher in 1835 frommeadow sweet flowers [Spiraea ulmaria
L., now known as Filipendula ulmaria (L.) Maxim. in the Family Rosa-
ceae]. Oxidation of salicyl alcohol yielded salicylic acid, which was
also produced during that same period by oxidation of salicylic al-
dehyde. Large-scale synthesis of salicylic acidwas accomplished for
Oketch-Rabah HA et al. United States Pharmacopeia… Planta Med 2019; 85: 1192–1202



ABBREVIATIONS

AEs adverse events

Arhus LBP Arhus lower back pain

ASA acetylsalicylic acid

DER drug extract ratio

DS dietary supplement

DSLD Dietary Supplement Label Database

GI gastrointestinal

LBP lower back pain

MSDs musculoskeletal disorders

NIH National Institute of Health

NSAIDs nonsteroidal anti-inflammatory drugs

OA osteoarthritis

RA rheumatoid arthritis

TPI total pain index

WBE willow bark extract

WOMAC Western Ontario and McMaster Universities

Osteoarthritis Index
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drug production and its acetylation to acetylsalicylic acid to reduce
the adverse effect of gastrointestinal bleeding was developed by
Hoffman and Eichengrun in 1897, leading to the patenting of aspi-
rin (“a” for “acetyl” and “spirin”meaning from Spiraea) in 1899 by
the Bayer Company. Thus, chemical investigations of themedicinal
▶ Fig. 1 Clockwise from upper left: A willow tree (© PLANTAPHILE); B drie
up of the bark (USP, Dietary Supplements Compendium (DSC) 2019, Suppl
low bark material of commerce (© PLANTAPHILE); D willow leaves (© PLAN
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properties of willow bark led to the discovery of the synthetic drug
aspirin; it is a commonmisconception that willowbark is a source of
aspirin, which it is not [5].

Willow bark was included as part of the Materia Medica in the
first volume of the U.S. Pharmacopeia published in 1820 [6]. To-
day, willow bark is used for the treatment of pain, particularly, LBP,
osteoarthritis (OA), headaches, and inflammatory conditions such
as tendinitis and bursitis [7].

In the U. S., willow bark is a dietary ingredient in numerous DSs
available in the market. Because of its popularity, the United
States Pharmacopoeia (USP) developed quality standards for
willow bark ingredients under the title Salix Species Bark. Prior to
developing a DSmonograph, USP customarily performs an Admis-
sion Evaluation [8]. This evaluation was done following the guide-
lines for admission of DSs into the monograph development pro-
cess [9], and includes an assessment to ascertain that an ingre-
dient does not present a serious risk to human health. The USP
quality monographs include the name/title of the ingredient, the
definition, specifications, and instructions for packaging, storage,
and labeling requirements. The specifications consist of a series of
tests, procedures for the tests, and acceptance criteria [10]. These
tests and procedures require the use of official USP Reference
Standards [11]. In this paper, we focus on the safety of willow bark
as a dietary ingredient in DSs and present a case for the need to
include a label caution statement on DS products containing wil-
low bark that claim compliance with USP standards for willow
bark.
d branches of Salix alba from which willow bark is harvested and a close-
ementary Information, Illustrations, Salix Species Bark); C chopped wil-
TAPHILE).
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Literature Search  
PubMed 

Period covered: from inception 
to 2019 

Willow  
/ Salix 
AND 

Animals 
 N = 288 
Inc = 2 

 

Clinical 
trials/Humans 

 N = 349 
Inc = 14 

Serious Adverse 
Event Reports  

N = 212 
Inc = 5 

Reviews 
 N = 169 
Inc = 8 

In vitro 
 N  = 65 

Inc = 1 

▶ Fig. 2 Literature search strategy, where N: represents number of
articles retrieved, Inc: represents the number of articles included in
the review. Only studies that evaluated materials containing willow
bark willow bark extract as a single active ingredient were included.
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Literature Retrieval Strategy
A search was done in PubMed using the search terms “willow” or
“salix” combined with the following terms: safety, clinical trials,
reviews, humans, in vitro, adverse effects or side effects, pharma-
cokinetic, and phytochemistry, covering the period from incep-
tion of PubMed to 2019. The retrieved titles and abstracts were
reviewed by two co-authors of this review, H.A.O.-R. and T. L.D.,
to determine articles relevant to safety. Only studies that eval-
uated materials containing willow bark as a single active ingre-
dient were included. Data was extracted into Excel tables and re-
viewed for inclusion by H.A.O.-R. and T. L.D. Where the two re-
searchers disagreed, they discussed and reached a consensus.
▶ Fig. 3 Chemical structures of some salicylate derivatives found in willow
(4); salicortin (5); 2′-O-acetylsalicortin (6); (−)-tremulacin (7).

1194
▶ Fig. 2 is a graphical representation of the search strategy, show-
ing all articles retrieved from PubMed and the number of articles
that are included in this review.
Willow Bark Phytochemistry and
Pharmacopeial Quality

The willow species most popularly used in commerce, S. alba,
S. nigra, S. daphnoides, S. fragilis, and S. purpurea, have a salicylate
content ranging from 1.5 to 15% [12,13]. Among these, S. daph-
noides, S. fragilis, and S. purpurea are reported to yield the highest
amounts of salicylates [14]. Salicylates are derivatives of salicylic
acid naturally present in willow bark. Salicin, a salicylate deriva-
tive, is a glycoside of salicyl alcohol (▶ Fig. 3). Salicin and its re-
lated compound(s) has been used as a marker of biological activ-
ity and quality of willow bark [15]. However, other constituents
are also used as markers including derivatives of salicin such as
salicortin, 2'-O-acetylsalicortin, salicin-7-sulfate, and tremulacin,
flavonoids, condensed tannins (8–20%), and catechins. The con-
centration of salicylates varies significantly between willow spe-
cies and with the seasons, but there is only limited variation in
phytochemical content between high-salicylate commercial spe-
cies such as S. purpurea and S. daphnoides, as shown in ▶ Table 1
[15–17]. The similar chemical profiles, morphology, and anatomy
of the barks of the species cited above explains their interchange-
ability in commerce.

In addition to salicylates, willow bark also contains polyphe-
nols, including flavonoids, proanthocyanidins, and tannins that
are thought to contribute to its biological activity [18]. Flavonoids
such as naringenin, isosalipurpuroside, or eriodictyol usually con-
stitute up to 20% in WBE [19,20]. Other compounds identified in
the bark of Salix species are p-hydroxybenzoic, vanillic, cinnamic,
p-coumaric, ferulic, caffeic acids, and other phenolic acids. In a
study that investigated the antioxidative compounds in the bark
bark: salicin (1); salicylaldehyde (2); salicylic acid (3); acetylsalicylic acid

Oketch-Rabah HA et al. United States Pharmacopeia… Planta Med 2019; 85: 1192–1202
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▶ Table 1 Example of the lack of significant variation in willow bark phytochemical constituents in two high-salicylate species (data from [14–16]).

Compound/Group of Compounds Salix purpurea L. Salix daphnoides Vill.

Total salicin (after hydrolysis) 4–8% > 4%

Phenol glucosides including salicortin up to 9% 3–11%

Tremulacin rarely more than 1% up to 1.5%

Salireposide 0.1–1.2% 0.1–1.2%

Syringin and purpurein up to 0.4% up to 0.2%

Isosalipurposide 0.15–2.2% 0.2–1.5%

Eriodictiol-7-glucoside 0.18–0.4% 0.3–1.5%

(+) and (−)-Naringenin-5-glucoside 0.4–1.5% each 0.3–1% each

Total polyphenols 5% 5%

(+)-Catechin 0.5% of polyphenols 0.5% of polyphenols
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of Salix species, the S. daphnoides and S. daphnoides × purpurea hy-
brid species had the highest content of phenolic glycosides, while
S. daphnoides had the highest content of flavonoids [14]. Some
mechanistic studies have shown that catechins (flavan-3-ols) and
other flavonoids may contribute to the anti-inflammatory effects
of willow bark [21].

The USP quality monograph for willow bark defines willow bark
(monograph titled: Salix Species Bark) as material prepared from
the whole or fragmented dried bark of the young branches, or
whole dried pieces of the current-year twigs, obtained from Salix
species (family Salicaceae). The monograph mentions the follow-
ing species as common in pharmacopeial use: Salix alba, S. baby-
lonica L., S. daphnoides, S. fragilis, S. chilensis Molina, S. pentandra
L., and S. purpurea, and includes other complying willow species
and their hybrids. Qualifying material contains not less than
1.50% of total salicylate derivatives, calculated as salicin
(C13H18O7) on the dried basis [22].

Other pharmacopeias and quality standards organizations
have monographs for willow bark, e.g., the European Pharmaco-
poeia [23], European Medicines Agency [1], World Health Organ-
ization (WHO) [15], and European Scientific Cooperative on Phy-
totherapy (ESCOP) [24]. These monographs also specify a mini-
mum of 1.5% of total salicylic derivatives, expressed as salicin.
T
hi

s 
d

Salicylate Intakes from Dietary Supplements
Containing Willow Bark

Manufacturers of DSs formulate products with many combina-
tions of botanical and/or non-botanical ingredients in proportions
that vary widely. However, by examining product labels in the Na-
tional Institute of Health (NIH) DSLD [25] and on the internet, we
could estimate the general intake of salicylate in products con-
taining willow bark. As of April 20, 2019, the DSLD contained la-
bels of 217 DS products containing willow/Salix bark extract (with
single or multiple ingredients), which recommend intake
amounts in the range of 7.5 to 900mg of extract per day. The ma-
jority of products recommended less than 100mg extract per
day. Of the three products that recommended higher intake lev-
Oketch-Rabah HA et al. United States Pharmacopeia… Planta Med 2019; 85: 1192–1202
els, two products recommended 400mg extract twice daily with
each intake delivering 120mg salicin, for a total of 240mg salicin
per day. Another product recommended an intake level of 900mg
per day of an extract standardized to 11% salicin, delivering ap-
proximately 100mg salicin per day. The DS manufacturersʼ rec-
ommended use information in the DSLD indicates that most DS
products containing WBE deliver a wide range of salicin with a
maximum of 240mg per day.

The WHO monograph for Cortex Salicis (which defines the in-
gredient as whole or fragmented dried bark from young branches
of S. alba L., S. daphnoides Vill., S. fragilis L., S. purpurea L., and oth-
er appropriate Salix species (Salicaceae) recommends an adult
oral daily dose of extracts, tinctures, or fluidextracts equivalent
to 120–240mg of total salicin, or 6–12 g of powdered drug mate-
rial as a decoction (boiled water based extract), which correspond
to 120–240mg of total salicin, taken in two divided doses [15].
The European Medicines Agency (EMA) published a monograph
for Salix cortex (various species including S. purpurea, S. daph-
noides, and S. fragilis) and an herbal preparation(s) containing wil-
low bark based on well-established and traditional uses. The EMA
monograph sets a daily dose for WBE (DER of 8–14 :1, 15% total
salicin content) of 393 to 1572mg extract, corresponding to not
more than 240mg salicin (single ingredient preparation) for a du-
ration of not more than 4 weeks, for short-term treatment of LBP
[1]. The ESCOP Monograph, British Herbal Compendium, German
Commission E, and Health Canada monographs all recommend
similar intake levels for dried hydroalcoholic or aqueous extracts,
tincture or fluid extract, or bark powder delivering salicin levels
equivalent to 120 to 240mg daily [12,24,26,27].
Regulatory Status of Willow Bark in the
United States and Other Countries

Willow bark is found in numerous DSs in the U.S. marketplace. In-
dustry information suggests that willow bark was marketed in DSs
prior to enactment of the Dietary Supplement Health and Educa-
tion Act (DSHEA), and thus it may be considered an “old” dietary
ingredient or a “grandfathered” dietary ingredient, able to be
1195
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marketed without submission of a New Dietary Ingredient Notifi-
cation (NDIN) to the U.S. Food and Drug Administration (FDA).
Willow bark is included in the United Natural Products Alliance
(UNPA) list of old dietary ingredients, a list that was compiled by
DS manufacturers shortly after DSHEA came into force in 1994
[28]. Although the list is not recognized by the FDA as official or
binding, it is well regarded as a reference tool in the DS industry.

In Canada, willow bark is recognized as a natural health prod-
uct. The Natural Health Products Ingredients Database contains
19 entries for Salix [29]. As of August 2019, 324 natural health
products (dosage forms) had been issued a license that is cur-
rently active [30].

In Europe, willow bark is an herbal medicine with well-estab-
lished uses, as well as scientifically supported traditional uses.
Similarly, in Australia, willow bark is a recognized medicine and as
of April 2019, the Australian Register of Therapeutic Goods data-
base contained 55 products, most of them multi-ingredient prod-
ucts that contain willow bark powder or extract [31].

Even with the varied regulatory status of willow bark in differ-
ent countries, the recommended intake levels for use as a DS or as
a medicine are very similar. The recommended intake levels deliv-
er 120 to 240mg of salicin daily.
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Clinical Evidence of Safety
A search of the public domain did not yield any clinical studies de-
signed specifically to evaluate the safety of willow bark or willow
bark extracts. Available clinical studies compared the effects of
willow bark extracts on OA, rheumatoid arthritis, musculoskeletal
disorders, and LBP with conventional medicines.

Osteoarthritis and rheumatoid arthritis

Biegert et al. [32] reported the outcome of two randomized, dou-
ble-blind, controlled clinical trials of a standardized WBE corre-
sponding to 240mg of salicin/day for treatment of OA or rheuma-
toid arthritis (RA). In the first study, the experimental design in-
cluded a placebo washout phase of 4–10 days depending on the
half-life of the analgesic or NSAID used previously. An exception
was made to allow ongoing use of low-dose aspirin of up to
100mg/day. The OA trial involved 127 patients over 18 years of
age with confirmed OA of the hip or knee according to the Amer-
ican College of Rheumatology (ACR) guidelines, with WOMAC
[33] pain scores of at least 30. They were divided into three
groups: the willow bark group (n = 43), a control group (n = 43),
and a placebo group receiving tablets similar to the WBE (n = 41).
The treatment phase duration was 6 weeks. The willow bark group
received two coated tablets, twice daily, each tablet containing
393mg of a 70% ethanol extract of S. daphnoides with a DER of
8–14 :1 containing approximately 60mg salicin (i.e., 240mg sali-
cin/day). The positive control group received two enteric-coated
tablets, twice daily, of diclofenac 25mg (i.e., 100mg/day), and
the placebo group received two tablets, twice daily, of the place-
bo. No additional analgesics, NSAIDs, systemic, or intra-articular
corticoids were allowed other than low-dose aspirin up to
100mg daily in all treatment groups. Physical therapy was al-
lowed. The end point measured was the pain sub-score of the
WOMAC OA index [33]. Only 106 of 127 patients completed the
1196
study and were included in the analysis. Lack of efficacy was the
most common reason for withdrawal (five willow bark group,
three diclofenac, and nine placebo); two patients in the diclofenac
group withdrew due to AEs and two patients in the placebo group
withdrew because they went on holiday abroad. Important proto-
col violations were committed by 17 patients: 10 (4 willow bark,
2 diclofenac, 4 placebo) had taken additional NSAID or analgesics
(for reasons other than OA) and 2 patients (both placebo) were
considered noncompliant because they had taken less than 80%
of the study medication. The willow bark group received signifi-
cantly less physical therapy and reported decreased pain. The out-
come was a somewhat decreased WOMAC score for the willow
bark group, which was not significant when compared to placebo.
Diclofenac effects were significant compared to placebo
(p = 0.0002). A total of 173 AEs were reported. In the willow bark
group, there were 38 AEs in 19 patients compared to 51 AEs in
20 patients in the placebo group, and 84 AEs in 30 patients in
the diclofenac group. Most of the AEs involved the GI system and
the central and peripheral nervous systems, accounting for more
than 50% of the AEs in the placebo and diclofenac groups, but
only approximately 30% in the willow bark group. The total num-
ber of AEs were significantly lower in the willow bark group com-
pared to the diclofenac group [32].

The second RA study by Biegert et al. [32] involved 26 patients
over 18 years of age, with confirmed RA. Participants were divided
into a treatment and a placebo group (n = 13 each). The treat-
ment group received two coated tablets, twice daily, containing
393mg of the same WBE described above, delivering 240mg sal-
icin/day for 6 weeks. NSAIDs and analgesics were discontinued
other than 100mg aspirin/day, which was allowed. The end point
was a change in pain using the Visual Analog Scale (VAS) [34]. At
the end of the trial, the estimation of pain by the VAS decreased
for the willow bark group, but not significantly. A total of 14 AEs
were reported (7 in each group), but data on the nature of the ob-
served effects were not provided. The authors reported that none
of the AEs were serious and causality was assessed as “possible”
for only two AEs in the placebo group and only one AE in the
WBE group [32].

In conclusion, the authors found no evidence for a relevant
analgesic or anti-inflammatory efficacy of the investigated WBE
in either of patients with OA or RA. A power estimate of the study
showed that a true difference in pain reduction between WBE and
placebo of 15mm (suggested as the minimum clinically relevant
difference) or more can be excluded with a probability of 93%. A
difference of 10mm or more can be excluded with a probability of
83% [32]. However, the permitted ongoing use of low-dose aspi-
rin at up to 100mg/day may have confounded the results.

An open, descriptive, observational study by Saller et al. [35]
involved 877 patients with different types of rheumatic pain (OA,
RA, LBP, soft tissue disorders). The study duration was 6–8 weeks,
with an intermediate control visit after 3–4 weeks. They evaluated
the frequency of adverse drug reactions and efficacy of a propriet-
ary willow bark extract. The WBE was standardized to 15.2% sali-
cin, providing 60mg of salicin per tablet, and was given at doses
of 1–2 tablets per day or 3–4 tablets per day for 6–8 weeks. The
dosage of the WBE given depended on the physicianʼs judgement
of the patientʼs needs, e.g., the severity of the condition being
Oketch-Rabah HA et al. United States Pharmacopeia… Planta Med 2019; 85: 1192–1202
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treated and whether or not concomitant medications for that
condition were being administered. Since this was an observatio-
nal study, there was only the one study group and analyses by
condition and treatment were done post hoc. When needed,
anti-inflammatory drugs were used (39.3% of the cases). Pain in-
tensity was assessed, and data was compared with the corre-
sponding baseline values. The results showed a tendency of de-
creased pain scores in the willow bark-treated patients, but the
change was not significant compared to baseline. A total of 38 pa-
tients (4.3%) reported 46 adverse drug reactions that were re-
lated to the GI (3.1%) and skin (1.6%), but none were classified
as serious. The lack of a control group was a weakness of the study
[35].

Another randomized, double-blind, placebo-controlled trial by
Schmidt et al. [36] compared the effects of WBE and placebo on
OA. Patients with confirmed OA were randomized to receive ei-
ther placebo (n = 39) or WBE (n = 39). After a washout period of
4–6 days (day − 4 to day 0), participants were administered either
placebo or two tablets WBE twice daily for 2 weeks. The WBE was
standardized to 17.6% salicin and each coated tablet contained
340mg extract of willow bark, delivering 120mg salicin (240mg
salicin daily). The placebo was made up of cellulose and lactose.
No other medications or analgesics were allowed during the
study. Patients were assessed on days − 4, 0, 7, and 14 to deter-
mine the WOMAC OA index. Blood and urine samples were ob-
tained for standard laboratory tests and patients recorded any
AEs. The group treated with WBE reported a moderate relief with
a 14% reduction in WOMAC score versus 2% increase in the
placebo, thus a significant (p = 0.047) reduction in pain compared
with placebo [36]. A total of five patients reported AEs; four pa-
tients (1 in active treatment group, 3 placebo group) dropped
out because they needed additional analgesics for pain and one
patient in the active treatment group had an allergic reaction
and dropped out after 14 days. Ten patients were excluded from
analysis because they violated the protocol as follows: had elec-
trotherapy during study protocol (three placebo, five active treat-
ment), one placebo patient had baseline WOMAC index taken on
day 2 (instead of day 0), and one active treatment patient under-
went only a 1-day washout phase (instead of 4 days). The number
of patients reporting AEs was the same in both groups at 16 each,
but the total number of AEs was higher in the placebo group
(n = 28) compared to the willow bark group (n = 17). The results
of hematology, clinical chemistry, and urinalysis measured at day
− 4 versus at termination showed significant differences between
the groups as follows: white blood cell counts (treatment:
0.6 × 103/µL; placebo: 0.01 × 103/µL), serum glutamic oxaloacetic
transaminase (active treatment: 0.26 U/L; placebo: 0.94 U/L), and
glucose in serum (treatment: 3.76mg/dL; placebo: 11.03mg/dL).
None of the changes were considered clinically relevant, as the
mean values were within normal ranges [36].

Musculoskeletal disorders

Uehleke et al. [37] examined the efficacy and safety of willow bark
aqueous extract for pain reduction in a pragmatic surveillance
study (non-interventional) of 436 patients suffering from MSDs,
OA (56.2%) and back pain (59.9%). Aqueous WBE (STW 33-I) de-
livering 120mg salicin per tablet (with a DER of 16–23 :1) was ad-
Oketch-Rabah HA et al. United States Pharmacopeia… Planta Med 2019; 85: 1192–1202
ministered (two tablets daily; 240mg/day salicin) to all patients,
who were also allowed co-medication with NSAIDs, mostly diclo-
fenac or ibuprofen, and/or opioids. Treatment regimens consisted
of STW 33–1 alone (n = 268), STW 33–1 + NSAIDs (n = 126), STW
33–1 + NSAIDs + opioids (n = 17), and STW 33–1 + NSAIDs +
opioids + other medications (n = 25). Patients were monitored at
baseline and after 3, 6, 12, 18, and 24 weeks. Evaluation was done
using an extensive case report form and pain questionnaires, and
patients were asked to track their pain levels and AEs in a diary. A
total of 36.5% of participants dropped out of the study due to lack
of treatment efficacy as follows: (11.2% in the STW 33–1 mono-
therapy group, 19% in STW 33-I + NSAIDs, 23.5% in STW 33–1 +
NSAIDs + opioids, and 40% in the group receiving other medica-
tion). While there were fewer dropouts in the group that received
only the STW 33–1, this data was not analyzed statistically. The
higher dropout rates of patients using combination therapies
would need to be evaluated further to clarify if it was triggered
due to a lack of analgesia in more severe pain conditions. A possi-
ble implication is that patients with mild and chronic pain condi-
tions could be treated with willow bark alone. There were 106 pa-
tient reports of AEs of which 7 were described as serious, but de-
tails of the AEs were not provided and information on patient
groups were not provided. There was a total of 176 AEs of which
63 (35.8%) occurred in patients using STW 33–1 only, 96 (54.5%)
in the STW 33–1 + NSAIDs, and 17 (9.7%) in the STW 33–1 +
NSAIDs + opioids. The AE groups could be categorized into the fol-
lowing system organ classes (SOC): GI disorders (n = 45, e.g.,
upper abdominal pain, nausea, gastric disorder, dyspepsia), gen-
eral disorders (n = 17, e.g., influenza-like illness, pain, fatigue), in-
fections and infestations (n = 17, e.g., GI infection, viral infection),
and musculoskeletal and connective tissue disorders (n = 13, e.g.,
arthralgia, sciatica). The most commonly involved SOC was GI,
although it is not clear whether a specific treatment group was
more affected than others. The authors reported that the out-
come was a significant reduction in pain and concluded that the
treatment showed good tolerability considering the reduction in
pain in relation to the AEs and no relevant drug interactions were
observed [37].

Beer and Wegener [38] conducted an open label, multicenter,
prospective observational study comparing efficacy and tolerabil-
ity of treatment of gonarthrosis and coxarthrosis with a standard-
ized WBE versus reference (conventional) treatment. Some of the
physiciansʼ choice of drugs included coxibe, diclofenac, ibuprofen,
and oxicame – this was not a control group, instead treatment
was based on the physiciansʼ professional judgement. The WBE
was Optovit actiFLEX made from Salicis cortex Ph. Eur., DER 8–14:
1, ethanol 70% v/v, with each tablet containing 393.24mg dry
WBE and therefore 60mg salicin. Patients were administered
786.48 to 1572.96mg WBE/day, equivalent to 120–240mg sali-
cin/day, taken in divided doses for 6 weeks. Patients were exam-
ined at baseline and at 3 and 6 weeks by clinical findings, AEs,
global tolerance, and WOMAC questionnaires (concerning pain
and stiffness, questions on general state of health). Three patients
dropped out of the study: one in the WBE group with no reason
given, one in the WBE group for poor tolerance, and one in the
reference treatment group for poor tolerance. Data from the re-
maining subjects in the WBE treatment group (n = 88) and refer-
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ence treatment group (n = 40) were analyzed. Fourteen non-seri-
ous AEs were reported in the following groups: WBE (n = 1), refer-
ence treatment group (n = 11), 2 additional AEs occurred among
the 8 patients who received a combination of WBE and conven-
tional drugs. Of these AEs, only two were categorized as drug re-
actions, specifically reflux, which occurred only in the reference
treatment and combination groups. The authors concluded that
WBE was better tolerated than the reference medication, and
both patients and doctors considered the effects of WBE compa-
rable to the other analgesics. By the end of the study, WBE dem-
onstrated a slightly better trend in relieving pain and improving
quality of life, and no serious AEs were observed [38].

Low back pain

Chrubasik et al. [39] conducted a randomized, double-blind, 3-
armed clinical trial [40]. Participants who had at least 6 months
of intermittent LBP were divided into 3 equal groups (n = 70 each)
who were administered graded doses of either WBE or placebo for
4 weeks. Patients received daily doses of 786mg dry WBE (equiv-
alent to 120mg salicin) or 1572mg dry standardized WBE with
15% salicin (70% ethanol extract, DER 8–14 :1, equivalent to
240mg salicin), taken in two divided doses daily for 4 weeks. Pa-
tients were permitted to take tramadol as a rescue medication
when needed. Participantsʼ pain characteristics were similar in
the three groups [e.g., radiation into leg(s), neurological signs],
except that the high-dose salicin group had greater invalidity,
physical impairment, and overall Arhus LBP and Beck depression
scores. Success of the treatment was measured by the number of
patients that did not need tramadol for at least 5 days in the final
week of the study. The secondary outcome was a change in the
modified Arhus score compared to baseline (i.e., the percentage
of patients who required tramadol). The results showed a dose-
dependent analgesic effect in patients who were treated with
WBE. The proportion of patients who showed improved pain
scores were as follows: 4 of 59 (6%) patients in placebo, 15 of 67
(21%) in the low-dose group, and 27 of 65 (39%) in the high-dose
willow bark group (p < 0.001). Patients in the placebo group re-
quired much more rescue medication. One patient in the low-
dose willow bark (120mg salicin) treatment group suffered a
severe allergic reaction (exanthema, pruritis, swollen eyes). The
symptoms resolved 2 days after the patient stopped treatment,
indicating the event may have been attributable to the treatment.
Two patients in the high-dose group (240mg salicin treatment
group) had short-lasting AEs: one had dizziness attributed by the
investigators to tramadol, the other had dizziness and fatigue;
both dropped out, one for insufficient pain relief and the other
for unspecified reasons. The AEs reported by six patients in the
placebo group were mild. In three cases, the patients attributed
them to the tramadol (dizziness/headache, dizziness/vomiting/
diarrhea, dry mouth). The remaining three patients suffered from
mild abdominal pain with or without diarrhea. Two of these pa-
tients discontinued the study on the first day of treatment [40].

Another study by Chrubasik et al. [39] was an open-label, ran-
domized, active-controlled clinical trial with 2 arms to evaluate
the effects of WBE in 228 patients with at least 6 months of non-
specific LBP. Patients were randomly allocated to 2 groups of 114
participants each and assigned to receive either a daily dose of
1198
1572mg standardized WBE (as 4 capsules containing 70% ethanol
extract, 8–14 :1 DER, 15% salicin delivering 240mg salicin per
day) or 12.5mg rofecoxib (1 single tablet per day) for 4 weeks. Pa-
tients were allowed free access to conventional treatments (any
medication they usually used in the event of severe pain, in addi-
tion to NSAIDs, acupuncture, and physical therapy when needed).
The primary outcome was pain measured on a modified Arhus in-
dex (pain component and TPI) [41], physician- and patient-rated
success, and the acceptability of the treatment communicated
verbally by patients. Irrespective of treatment group, after 4 weeks
of treatment, the VAS for pain score had improved by about 44%,
the modified Arhus index had improved by 20%, its pain compo-
nent decreased by 30%, and the TPI decreased by 35% in both
groups. The number of patients with a VAS score below 2 (consid-
ered to be pain free) at the end of 4 weeks was 22 in the WBE
group and 20 in the NSAID group. No significant difference was
observed between the two groups in pain scores. AEs reported in
the willow bark group (and the authorsʼ causality judgment in par-
entheses) were as follows: allergy (1 possible, 3 likely, 1 clear con-
nection), GI, dyspepsia, vomiting, heartburn, diarrhea (7 possible,
3 likely, 1 clear connection), dizziness (1 possible), headache (1
possible), and blood pressure instability (1 possible). The rofecox-
ib group reported 27 AEs, which included asthma, dyspepsia, nau-
sea, diarrhea, heartburn, ulcer, GI bleeding, dizziness, headache,
and edema [39].

Taken together, the clinical trials reviewed here [32,35–40] ad-
ministered WBE that was prepared with 70% ethanol (DER of 8–
14 :1) and contained approximately 15% salicin, delivering 120
to 240mg salicin per day for up to 8 weeks. In most cases, dosage
forms were prepared as coated tablets and administered in two
divided doses per day. No serious AEs were reported. The most
common mild AEs observed were GI effects and allergic reactions.
All studies involved adult patients, no studies involved persons
under 18 years of age, or persons in special populations such as
pregnant or breastfeeding women.
Animal Toxicology
There was a dearth of information from animal studies on the tox-
icity of willow bark, although there were a number of studies that
addressed the mechanism(s) of action of the extract. A hydro-
ethanolic (30%) extract of willow bark had an LD50 of 28mL/kg
when administered to mice. In one case, the administration of a
single dose of 5mmol/kg salicin to rats caused no gastric injury,
while saligenin (a metabolite of salicin) and sodium salicylate in-
duced severe gastric lesions [42].
Pharmacokinetics of Salicin, Potential Effects
on Platelet Aggregation, and Drug Interactions

Although salicin is believed to be the major active compound in
willow bark and is a prodrug metabolized to saligenin in the GI
tract and then to salicylic acid after absorption [43], it has also
been proposed that other components of willow bark may con-
tribute to its therapeutic effects [18,44]
Oketch-Rabah HA et al. United States Pharmacopeia… Planta Med 2019; 85: 1192–1202
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A clinical study by Schmid et al. [44] demonstrated that the
ingestion of WBE delivering 240mg salicin (1360mg extract) in
divided doses (2 tablets at 0 h and another 2 tablets 3 h later) re-
sulted in an area under the curve equivalent to that expected
from an intake of 87mg acetylsalicylic acid. The bioavailability
was 43.3%, peak serum levels were 1.2 mg/L, and both were
reached within 2 h after ingestion. Renal elimination of salicin is
predominantly in the form of salicyluric acid (71% of total salicy-
lates), followed by salicylic acid (15%) and gentisic acid (14%).
Neither saligenin nor salicin were detected in serum or urine.
After 24 h, on average 15.8% of the orally ingested dose of salicin
was detected in the urine as salicylates.

An in vivo study in rats compared the oral administration of sal-
icin (400mg/kg) to sodium salicylate (29mg/kg). In the case of
salicin, salicylic acid appeared slowly, with a Cmax of 82.4 µg/mL
after 5 h. With sodium salicylate, salicylic acid appeared more rap-
idly, with a Cmax of 104.2 µg/mL at 1.5 h. The relative bioavailabil-
ity of salicylic acid from salicin was only 3.25% compared to sodi-
um salicylate [45] and its elimination was slower. Akao et al. [42]
also demonstrated that the absorption of salicin is slower com-
pared to saligenin or salicylic acid.

In another study, salicylates or aspirin was administered to rats
at a dose of 200mg/kg. The results showed that salicylate was not
an effective inhibitor of platelet aggregation, as it had a much
weaker effect than aspirin on thromboxane B2 production in
blood clotting [46].

Concern has been raised regarding the potential for willow
bark to inhibit platelet aggregation, an issue investigated by Kri-
voy et al. [47]. In a double-blind, placebo-controlled study, 35 pa-
tients with acute LBP were administered either WBE (n = 19) or
placebo (n = 16) for 28 days, and a further 16 patients with stable
chronic ischemic heart disease were given 100mg ASA per day.
The WBE “Assalix” was made with S. daphnoides and S. purpurea
and delivered 240mg salicin per day. Platelet aggregation was
measured after 28 days of treatment. There were significant dif-
ferences between the placebo and the willow bark-treated groups
in the maximal platelet aggregation induced with arachidonic acid
(p = 0.04) and adenosine diphosphate (p = 0.01). No statistical dif-
ference was found between the groups when collagen was ap-
plied to human platelets. While ASA had a significantly greater in-
hibitory effect on platelet aggregation compared to WBE
(p = 0.001) and placebo (p = 0.001), further investigation is
needed to clarify if this finding is of clinical relevance in patients
with impaired thrombocyte function.

Shalansky et al. [48] carried out a prospective longitudinal
study in 171 adults to determine the risk of bleeding and supra-
therapeutic international normalized ratios (INR) associated with
the use of complementary and alternative medicine (CAM) in pa-
tients receiving warfarin. Statistically significant associations be-
tween the use of willow bark and bleeding events were observed.
The risk of a supratherapeutic INR was not increased. After adjust-
ment for identified non-CAM risk factors, the association was not
statistically significant.

TheWHOmonograph for Cortex Salicis cautions against the use
of willow bark in children under 12 years of age, citing the possibil-
ity of Reye (sometimes spelled Reyeʼs) syndrome (sudden acute
brain and liver damage that has been associated with the use of
Oketch-Rabah HA et al. United States Pharmacopeia… Planta Med 2019; 85: 1192–1202
aspirin). The monograph also contraindicates the use of willow
bark in patients with hypersensitivity to other nonsteroidal anti-in-
flammatory drugs and in people with asthma because of potential
severe reactions (acute bronchospasms). This contraindication is
maintained in the 2017 review carried out by EMA [1].

The American Herbal Products Associationʼs (AHPA) Botanical
Safety Handbook classifies Salix spp. bark as an herb that can be
safely consumed when used appropriately, however, caution is ad-
vised because of the risk of increased bleeding and the fact that
salicylates cross the placenta and that newborns eliminate them
very slowly [49].
Adverse Events Associated with
Intake of Willow Bark

In the clinical studies reviewed herein, no serious AEs were re-
ported. The most common mild AEs observed involved the GI
tract. All studies involved adult patients, no studies involved per-
sons under 18 years of age or persons in special populations such
as pregnant or breastfeeding women. However, some rare but po-
tentially serious AEs have been reported in case reports associated
with the use of willow bark.

A case of allergic reaction was reported in a carpenter who de-
veloped a widespread rash when working with willow wood, simi-
lar to what he had previously experienced with aspirin [50].

A case of anaphylactic reaction was reported in a 25-year-old
woman with asthma who had a previously known allergy to aspir-
in. Within 75min of ingesting a DS containing WBE, the patient
developed an anaphylactic reaction. The patient was successfully
treated with epinephrine, diphenhydramine, and a corticosteroid.
No analysis was done on the product to confirm its contents. In
the absence of other contributing factors, the authors considered
willow bark to likely be responsible for the adverse effects based
on the Naranjo probability scale [51].

Acute respiratory syndrome was reported in a 61-year-old fe-
male with a past medical history of hypertension and osteoarthri-
tis after taking a DS containing white willow bark. She presented
with a sudden onset of shortness of breath and a nonproductive
cough. The patient denied any history of drug or supplement al-
lergy and was successfully treated with intravenous methylpredni-
solone, oral diphenhydramine, and ranitidine [52].

A massive intravascular hemolysis was reported in a woman
with glucose-6-phosphate dehydrogenase (G6PD) deficiency
who had taken an Ayurvedic herbal product containing Salix cap-
rea, a willow species containing salicin [53]. The patient consumed
5mL of a multi-ingredient formulation. No additional information
was available. The authors assigned causality to S. caprea because
of its salicin content and the knowledge that in patients with
G6PD deficiency, aspirin can cause hemolytic anemia [54].

A recent case reported fatal fulminant hepatic failure (FHF) in a
28-month-old male infant following treatment with acetamino-
phen and a traditional aboriginal medicine (“Lake Twig tea”). The
herbal medicine contained willow bark; however, according to the
author, the nature of the product was unclear and may have con-
tained leaf material. The authors ruled out acetaminophen as the
sole causal agent because blood chemistry test results indicated
1199
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low levels of acetaminophen and serum aspirin levels below the
toxic range. Although the clinical history and course of disease ap-
peared to suggest classic Reye syndrome, and the autopsy indi-
cated diffuse microvesicular steatosis typical of Reye syndrome,
there was centrilobular necrosis that is more typical of drug-in-
duced liver injury due to acetaminophen. The authors concluded
that the FHF was a result of toxic synergism between acetamino-
phen and ASA, which may have been due to salicylates in the wil-
low bark [55].
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Heavy Metals in Willow Bark
A risk assessment carried out by European Food Safety Authority
(EFSA) on white willow in food concluded that its heavy metal
content, specifically cadmium, may present a risk to health and
should be further evaluated [56]. A number of studies have shown
that willow species tend to accumulate heavy metals, specifically
zinc and cadmium, and for this reason have been used for phyto-
remediation in polluted sites in some countries in Europe [57–59].
Studies have shown that heavy metals transfer from the bark into
the extracts during manufacturing of extracts. However, compli-
ance with pharmacopeial limits for elemental impurities would
mitigate that risk. Herbal products containing willow bark in the
European market were shown to have higher levels of cadmium,
with the calculated 90th percentile for samples calculated to con-
tain 2.74 ppm, thus supporting a higher cadmium limit in the
European Pharmacopoeia monographs for Willow Bark at NMT
2.0 ppm [23,60] compared to the limit of 1.0 ppm in the Euro-
pean Pharmacopoeia general monograph for Herbal drugs [61].
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Concluding Remarks
This review found that although willow bark has been used for mil-
lennia, there are limited data on its safety. Most published clinical
trials [32,36–39] involved administration of WBEs in coated tablet
form that delivered 120–240mg salicin per day, taken in divided
doses, for up to 8 weeks. No serious AEs were reported in the pub-
lished clinical trials. The most common mild AEs included GI ef-
fects (e.g., upper abdominal pain, nausea, gastric disorder, and
dyspepsia), which did not lead to the discontinuation of any study.
All studies involved adult patients. No studies or reports have ex-
amined the effects of use of WBEs during pregnancy and lacta-
tion. The AHPA Botanical Safety Handbook classifies Salix spp.
Bark as an herb that can be safely consumed when used appropri-
ately, however, caution is advised because of the risk of increased
bleeding and the fact that salicylates cross the placenta and new-
borns eliminate them very slowly [49]. Several allergic reactions,
including one serious case of anaphylaxis, were described in case
reports, similar to what patients had experienced with aspirin fol-
lowing ingestion of WBE [53]. Because Salix spp. contain salicy-
lates, concurrent use with aspirin and other salicylate-containing
drugs, as well as use by persons with sensitivity to aspirin or other
salicylate-containing drugs, is cautioned. At least one case report
exists of a woman with G6PD deficiency who experienced life-
threatening hemolysis after ingesting a herbal product containing
S. caprea [53]. One case of FHF was recently reported in an infant
who had been given willow bark and acetaminophen. The authors
1200
concluded that the hepatic failure was the result of toxic syner-
gism between acetaminophen and salicylates from the willow
bark tea.

This review found no serious AEs associated with the ingestion
of willow bark powder or aqueous or hydroalcoholic extracts of
willow bark at levels of intake higher than those recommended
on DS labels listed in the DSLD (i.e., 7.5 to 900mg of extract/
day). The majority of products have recommended intakes of less
than 100mg extract per day. Thus, DS products containing WBEs
delivering salicin at less than the maximum amounts used in clin-
ical trials are not likely to cause serious adverse effects, except in
individuals who may be sensitive or allergic to components of wil-
low bark. Serious AEs have been reported in individuals with a sen-
sitivity/allergy to aspirin and in one case report of an individual
with G6PD deficiency.

DS products containing willow bark deliver up to 240mg of sal-
icin, which can be metabolized into 113mg salicylic acid among
other metabolites. However, when sold as DSs, these products
are not required to bear any label warning. In contrast, over-the-
counter (OTC) low-dose aspirin (81mg strength) delivering 62mg
of salicylic acid is required to include guidelines on the use in
pregnant women and children, as well as contraindications per-
taining to blood coagulation. In the interest of protecting public
health, the USP Dietary Supplements Admission Evaluations Joint
Standard Setting Subcommittee directed that a cautionary label-
ing statement be included in the USP Salix Species monograph
that reads as follows: “Dosage forms prepared with this article
should bear the following statement: ‘Not for use in children,
women who are pregnant or nursing, or by persons with known
sensitivity to aspirin’” [22].

The term “known sensitivity to aspirin” is intended to alert con-
sumers that they should not consume WBEs if they are already
avoiding aspirin because their doctor has told them that one or
more of the cautions, warnings, and contraindications provided
on the label of aspirin products apply to them. Aspirin is a well-
known drug and patients at risk receive detailed warnings from
their doctor and clear information from the extensive cautionary
labeling on aspirin packages and package inserts. Thus, this ap-
proach to cautionary labeling for WBEs is considered to be consis-
tent with the scientific evidence indicating lower but not absent
risks. It is also more practical for manufacturers of DSs who de-
clare compliance with USP standards than expecting them to du-
plicate the extensive cautionary labeling of OTC drugs.
Recommendations for Further Research
Based on the literature reviewed in this paper, some recommen-
dations can be made for research to clarify current uncertainties.
Although it is believed that the salicylates are partly responsible
for the analgesic effects, the specific phytochemical constituent
(s) or combinations thereof that are responsible for the biological
activity of willow bark are unclear. Research to clarify the roles of
the various constituents is required. In addition, there is a paucity
of preclinical data related to the safety of willow bark and its con-
stituents. It is recommended that further preclinical work (in vitro
and in vivo toxicology studies) be conducted to further inform
about the safety of willow bark and its constituents.
Oketch-Rabah HA et al. United States Pharmacopeia… Planta Med 2019; 85: 1192–1202
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