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1 | INTRODUCTION

Ayurveda, roughly translating to “the science of life,” is an
over 2000-year-old traditional form of Indian medicine.'
The stated goal of Ayurveda is to maintain balance of the
five bodily humors (water, earth, fire, air, and space) as
well as the seven bodily juices (lymph, blood, muscle, fat,
bone, marrow, and semen). Following various “detoxifi-
cation” processes, the practice of rasa shastra combines
herbs with metals, minerals, and gems in order to attempt
to replete essential minerals in the body and rebalance
the bodily humors.>* Consequently, heavy metals such
as lead, arsenic, silver, cadmium, chromium, nickel, and

Key Clinical Message

Patients that are taking Ayurvedic supplements have an increased risk of heavy
metal toxicity. Lead, arsenic, and mercury are frequently identified in these sup-
plements and can cause clinically significant toxicity. Clinicians should screen
patients routinely for use of non-pharmaceutical medications and supplements.

arsenic, ayurvedic supplements, heavy metal poisoning, lead

mercury are commonly found in high amounts within
Ayurvedic supplements due to both intentional addition
and unintentional contamination.’*

Around half of the adult population in the United
States uses dietary supplements (including homeopathic
medicines) daily.” There is a common misconception that
because homeopathic/herbal medications are “natural”
they are inherently nontoxic and safe.” Around 20%-65%
of Ayurvedic medicines available online contain detect-
able lead, mercury, and/or arsenic at levels exceeding
standards for acceptable daily intake of toxic metals.**
Under United States law dietary supplement manufactur-
ers are not required to obtain premarket approval from the
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Food and Drug Administration (FDA).” Manufacturers
are not required to prove their product’s health claims or
even that it contains the ingredients they claim prior to
bringing it to market. Dietary supplement surveillance is
predominantly post-market, after harm has already oc-
curred, at which point the FDA can evaluate if it is unsafe,
adulterated, or misbranded and potentially remove it from
the market.’

We report a case of symptomatic arsenic and lead poi-
soning due to significant, long-term exposure to prescribed
Ayurvedic supplements. This report adds to the growing
body of literature describing the dangers of unregulated
Ayurvedic supplements in the United States.

2 | MATERIALS AND METHODS

2.1 | Participants

This is a single-patient case report. Written consent was
obtained per institutional policy. All diagnostic studies,
including nerve conduction velocities, electromyography,
and bone marrow biopsy, were performed using standard
procedures and protocols. Interpretation of the results
was provided by appropriately board-certified clinicians.

2.2 | Heavy metal testing

Quantitative determination of heavy metals present in the
Ayurvedic supplements was performed via inductively
coupled plasma mass spectrometry (ICP-MS). Ten differ-
ent supplements were tested for the presence of arsenic,
mercury, cadmium, and lead. Each tablet was weighed,
mechanically homogenized, then acid digested with con-
centrated nitric acid and hydrochloric acid until fully

solubilized. The solutions were then serially diluted and
analyzed along with quality control standards using an
Agilent 7850 ICP-MS with an active helium collision cell
to prevent interference from argon chloride complexes
that alter the measurement of arsenic. All quality con-
trols were measured within 20% of their target values. The
amount of arsenic, mercury, cadmium, and total lead in
each tablet was determined by taking the measured con-
centration of each dilution, multiplying by the dilution
factor of the sample, and multiplying by the weight of
each individual tablet.

3 | RESULTS

3.1 | Casereport

A 75-year-old Caucasian female with a past medical his-
tory of postural tachycardia syndrome presented to the
emergency department with fatigue and decreased sen-
sation in her distal extremities. She was found to have
pancytopenia and was discharged with referral for outpa-
tient hematology evaluation. Hematology obtained a bone
marrow biopsy, which demonstrated erythroid hyperpla-
sia, erythroid dysplasia, reticulocytosis, as well as small
hypolobated megakaryocytes (Figure 1A,B), and recom-
mended formal neurologic testing.

Neurologic evaluation revealed normal motor strength,
diminished deep tendon reflexes without clonus or spas-
ticity, and normal gait. Nerve conduction velocities and
electromyography were found to be abnormal (Figure 2).
Based on these findings, the neurologist then obtained
heavy metal testing that showed elevated blood lead
(26.4pg/dL, normal <10pg/dL) and arsenic (140.6 pug/L,
normal <50pg/L) concentrations as well as elevated
urine arsenic (total 871.3pg/L; inorganic 1683.8pg/L,
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FIGURE 1 Bone marrow biopsy obtained from the right posterior iliac crest. There are features of erythroid hyperplasia (A), erythroid

dysplasia (B), reticulocytosis, and hypolobated megakaryocytes. Ringed sideroblasts and basophilic stippling were not seen. Biomarker

studies including cytogenetics, fluorescence in situ hybridization, and an extensive molecular gene mutation panel showed no evidence of
any clonal myeloid processes. There was also no evidence of plasma cell lymphoma, lymphoproliferative disorder, or infiltrative marrow

processes.



HARDIN ET AL. .. 30f7
Clinical Case Reports ——WI LEYJ_
Waveforms:
INCV {Left Sup Peroneal Anti Sensory) T‘CVIMWWMlWYI NCV [Left Sural Anti Sensory ]
|
14 om) 14 om ‘
' Co
20 yV/Div 2 ms/Oiv] |20 pV/Div 2 ms/Oiv] 10 uV/Div 2 /Dy
NCV [Right Sural Antl Sensory) NCV [Left Lateral Plantar Octho Sensory) NCV [Right Lateral Plantar Ortho Sensory)
Dight 9|
i " Calf l Oigit 5 '
| \ W
10 UV/Div 2 ms/oiv] |20 wv/ow 2 mason] |10 /0w 2 M/
[NCV (Lett Medial Mantar Ortho Sensory) NCV [Right Medial Plantar Ortho Sensory) rnor {Left Peroneal Motor ]
Dight 1 P
/ ™ A Ankie
Digee 1} | L \ . \
. \ o
\ P
2 Betow Fib
.
0
P
3 Above Fibj
" |
o
20 yNV/DIv 2 ma/Oiv] |20 pN/DY 2 ms/Div] |2 mV/Div e SIS/INY)
NV (right Peroneal Motor) Wncv [Left Tibal Motor) Jncv (Righe Tl Moter)
»
0 / p
; Anide ' \ Ankdo Anile
o o ’ o 2
» ,’\ '
L Betow Fib) \ Krweo) / Kool
0 o 0
5 Above Fd)
0
(2 /Doy 3 ms/Oiv] |2 oV/Div 3 mefOiv] |5 mV/Div 1/t

FIGURE 2 Nerve conduction velocities and electromyograph demonstrated evidence of small fiber polyneuropathy with distal
degeneration of sensory greater than motor axons.
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methylated 1730.4pug/L, and organic <5pg/L) and lead
(21.2pg/L) concentrations. These results prompted med-
ical toxicology referral.

The patient stated that she has been prescribed vari-
ous Ayurvedic supplements by a holistic energy healer for
“many years” due to an imbalance of her bodily humors
toward the vata (air) element causing anxiety, inability
to gain weight, anemia, palpitations, and heartburn. She
endorsed taking approximately 50 tablets per day. She re-
ceived her most recent batch of supplements from India
6weeks prior to developing symptoms and had been ab-
stinent for 1month at the time of toxicology evaluation.
Apart from these supplements, she had no lifestyle, occu-
pational, or dietary risk factors for heavy metal exposure.

Repeat blood levels 1month after discontinuation
demonstrated decreasing blood arsenic (13.6pg/L) and
stable blood lead (27.7 pg/dL) concentrations. Testing of
a 24-h urine collection demonstrated a lead concentration
of 24.1pg/L and a methylated arsenic level of 37.8 pg/L
with undetectable inorganic and organic arsenic. Repeat
complete blood counts demonstrated resolution of her
pancytopenia. Due to the patient's decreasing heavy metal
concentrations and plan to continue abstaining from
Ayurvedic supplements, chelation was deferred in favor
of close outpatient monitoring. At 135days follow-up, the
patient reported that her weakness had improved but her
distal extremity sensation remained diminished and un-
changed. Repeat blood testing at that time revealed an un-
detectable blood arsenic concentration and a blood lead
concentration of 28 pg/dL.

3.2 | Source analysis findings

All 10 Ayurvedic supplements being taken by the patient
were tested with ICP-MS (Figure 3). All tablets contained
measurable heavy metals. Eight out of 10 contained arse-
nic, 9 out of 10 contained mercury, and 7 out of 10 con-
tained lead (Table 1). Three supplements (#1, 4, 7) had
heavy metal concentrations, a magnitude higher than
the others with supplement #1 being composed of 9.3%
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arsenic by weight (Figure 4). Daily heavy metal doses
were calculated based off the patient's reported daily sup-
plement consumption and revealed a daily arsenic dose
of greater than 650 mg/day and a mercury dose of greater
than 300 mg/day.

4 | DISCUSSION

It is well known that Ayurvedic supplements can contain
heavy metals. Often this is intentional as the manufactur-
ing process involves the elaborate preparation of metals in-
cluding cinnabar (mercuric sulfide), galena (lead sulfide),
realgar (arsenic sulfide), and white arsenic (arsenic triox-
ide).®” Multiple of this patient's Ayurvedic supplements
were found to contain toxic levels of both arsenic and mer-
cury, as well as trace amounts of lead. This is consistent
with previously published literature looking broadly at
Ayurvedic supplements available in the United States as
well as the practice of rasa shastra specifically.*>®* Of note,
supplement #1 was labeled to contain 20 mg “shuddh har-
tal” which translates to “pure arsenic” and was composed
of 16 mg arsenic per tablet. At the time of writing this ar-
ticle, Ayurvedic supplements advertising the presence of
arsenic trioxide were easily available to order online and
ship anywhere within the United States.

Around half of the adult population in the United
States uses dietary supplements and herbal preparations
daily.’ It is commonly thought among the lay population
that remedies labeled as “natural” or “herbal” are inher-
ently nontoxic and safe.®> However, around 20%-65% of
Ayurvedic herbal supplements tested have been found
to contain detectable lead, mercury, and/or arsenic at
levels exceeding standards for acceptable daily intake.*”
Unfortunately, in the United States there is little required
dietary supplement safety and quality testing. Most sur-
veillance is performed in the post-marketing setting, after
harm has already occurred, at which point the FDA can
remove products from the market that are found to be
unsafe, adulterated, or misbranded.” However, supple-
ments and herbs obtained from outside the United States,
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FIGURE 3 The 10 Ayurvedic
supplements that were being taken by the

patient.
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TABLE 1 Results of Ayurvedic supplement analysis via inductively coupled plasma mass spectrometry.

Tablets
Hg Pb Recommended taken by Daily as Daily Hg Daily Pb

Medicine ID As (mg) (mg) (mg) daily dose patient dose (mg) dose (mg) dose (mg)
1 16.34 6.12 <LOQ 4 40 653.6 244.8 <0.1
4 0.90 18.64 <LOQ 4 4 3.62 74.58 <0.01
7 <LOQ 0.64 <LOQ 4 1 <0.003 0.64 <0.003

As(pg)  Hg(pg)  Pb(pg) As (pg) Hg (ng) Pb (pg)
2 0.40 6.39 0.25 6 10 4.04 63.94 2.52
3 1.15 9.10 1.82 6 4 4.61 36.42 7.26
5 0.24 0.95 0.16 6 2 0.49 1.9 0.32
6 1.19 4.17 0.80 6 4 4.74 16.67 3.2
8 0.21 0.68 0.34 2 4 0.82 2.71 1.35
9 0.19 0.10 0.15 6 4 0.74 0.39 0.62
10 <LOQ <LOQ 0.04 4 4 <0.1 <0.1 0.15
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FIGURE 4 The Ayurvedic supplements (#1, 4, 7) identified as containing toxic amounts of heavy metals.

as in this case, can be even less regulated and difficult to
monitor.®

Of the detected heavy metals, the patient's elevated
arsenic level is of the highest clinical concern. The
toxicity of arsenic is well established and known both
historically and by modern report. It is odorless, taste-
less, and highly toxic.'® The mechanism of toxicity is
thought to be multifactorial but is currently unknown;

possible mechanisms include the generation of reactive
oxidation species via the reaction of trivalent arsenic
compounds with sulfur and substitution of arsenic for
phosphate in various biochemical reactions. Inorganic
arsenic, which is the form our patient ingested, is dra-
matically more toxic than the organic form, which is
commonly found in seafood. Once ingested, arsenic is
hepatically metabolized to methylated arsenic species
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that can then be eliminated.'® Our patient's initial urine
speciation is consistent with inorganic arsenic exposure
given high levels of detected inorganic and methylated
species with undetectable organic arsenic.

Our patient presented with findings consistent with
arsenic neurotoxicity, namely peripheral neuropathy
with sensory greater than motor deficits. These deficits
can worsen over weeks despite the withdrawal of the
source via a phenomenon known as “coasting.”'"'? As
was seen in this case, bone marrow biopsy can reveal
hypercellularity and erythroid hyperplasia. Basophilic
stippling and Howell-Jolly bodies can also be present."?
Other classic findings not present in this case include
skin pigmentation changes, plantar/palmar hyperker-
atosis, and Mee's lines.' Symptomatic patients can be
treated with a variety of chelating agents, including D-
penicillamine, dimercaprol, dimercaptosuccinic acid,
and dimercaptopanesulfonic acid, though arsenic neu-
rotoxicity responds poorly to chelation.'* Chelation was
deferred in this case as our patient was clinically im-
proving with abstinence and it was unlikely to improve
her neurotoxic symptoms.

The patient's elevated blood lead concentrations may
have contributed to her illness but these elevations were
mild when compared to her arsenic exposure and her
clinical findings were less consistent. Chronic lead ex-
posure has been shown to cause a predominantly motor
neuropathy secondary to axonal degeneration which was
not seen in this patient." Similarly, a blood lead level of
55ug/dL is associated with clinically significant heme
biosynthesis inhibition and anemia—a level nearly dou-
ble what was present in our patient.'® We speculate that
the stability of her blood lead levels is due to slow re-
distribution from the tissues following extensive chronic
exposure.

While multiple of her supplements contained signif-
icant amounts of mercury, the rate of absorption of ele-
mental mercury through an intact gastrointestinal tract
following oral ingestion is extremely low and clinically
unimportant with regards to causing systemic toxicity."’
Furthermore, she had multiple blood and urine samples
without detectable mercury concentrations.

This case is limited primarily by lack of environ-
mental testing of the home and water. These were not
performed due to the prohibitive cost, lack of identifi-
able risk factors for environmental exposure, and previ-
ously suspected potential sources. While our suspicion
is low for an environmental or alternative source, we
cannot entirely exclude this possibility. Our analysis
is also limited by sample quality. As only a sample of
each supplement could be tested due to cost constraints,
underestimation or overestimation of heavy metal

content is possible, especially given known variability in
composition.3

5 | CONCLUSION

In summary, we present a case of clinically significant
arsenic and lead poisoning secondary to Ayurvedic sup-
plements. This patient had an extensive workup that
revealed many of the classic signs and symptoms of
chronic arsenic toxicity. Laboratory testing confirmed
the presence of these heavy metals in Ayurvedic sup-
plements the patient was known to be taking. Clinicians
should caution patients about the known risks of
Ayurvedic supplement heavy metal toxicity, particularly
with rasa shastra preparations, and screen patients rou-
tinely for use of non-pharmaceutical medications and
supplements.
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