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Abstract
Purpose Lead Poisoning is a major health problem in Iran. We aimed to compare efficacy of a standard regimen (Succimer) 
with that of a low-priced combination of D-penicillamine and Garlic in outpatients with lead poisoning.
Methods In this retrospective cross-sectional study, year-long clinical files of outpatients with lead poisoning in two referral 
toxicology clinics in Mashhad, Iran were reviewed. A total of 79 patients (all men), received either Succimer or a combination 
of D-penicillamen plus garlic (DPN + Gar), for 19 and 30 days, respectively. Clinical and laboratory data, including blood 
lead level (BLL), were analyzed and treatment expanses were compared between the two regimens.
Results Of 79 male patients, 42 were treated by DPN + Gar and 37 received Succimer. Mean BLL of DPN + Gar group before 
treatment (965.73 ± 62.54 µg/L) was higher than that of the Succimer group (827.59 ± 24.41) (p < 0.001). After treatment, 
BLL in both groups significantly reduced to 365.52 ± 27.61 µg/L and 337.44 ± 26.34 µg/L, respectively (p < 0.001). The 
price of a 19-day treatment with Succimer was approximately 28.6 times higher than a one-month course of treatment with 
garlic plus DPN. None of the treatments caused serious side effects in the patients.
Conclusion Combination therapy with DPN + Gar is as effective as Succimer in Pb poisoning, while treatment with Suc-
cimer is significantly more expensive.
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Introduction

Lead (Pb), as a toxic heavy metal, is a common environ-
mental and occupational pollutant which can cause serious 
health problems in most body organs, such as the gastroin-
testinal tract, liver, kidneys, hematopoietic, endocrine, car-
diovascular, reproductive and neuropsychological systems, 
and impair the development of nervous and skeletal systems 
[1, 2]. Among all clinical manifestations, abdominal pain is 
a common symptom which brings the patients into medical 
care [3]. The sources of lead exposure vary among countries. 
In Iran, for instance, drug dealers and smugglers illegally 
add Pb to opium for the purpose of increasing opium weight 
to gain more financial profit [4]. Over the past decade, poi-
soning with lead-contaminated opium has become a major 
health problem and several cases of poisoning due to adul-
terated opium have been reported [3, 5–8].

Although acute lead poisoning is rare, particularly in 
adults, sub-acute and chronic poisonings are commonly seen 
in clinical practice [6]. Because of the serious and sometimes 
permanent complications of lead poisoning, cessation of lead 
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exposure with or without chelator therapy is the cornerstone 
of treatment in symptomatic patients [3, 9]. Globally available 
chelating agents are utilized in two main forms: parenteral and 
oral. Treatment indications and type of chelator are determined 
based on several factors including the patient’s age, body weight, 
clinical manifestations, and Blood Lead Level (BLL) [3, 10]. 
Although chelators have been generally shown to reduce BLLs, 
their safety, efficacy, availability, and prices remain a challenge 
in some countries [9–11]. One major problem particularly in 
low-income countries and among underprivileged people is 
medication affordability, which extensively affects clinical suc-
cess and patient adherence to treatment plan.

Succimer (2,3-meso-dimercaptosucccinic acid or DMSA) 
is a universally-recognized chelating agent and a water soluble 
derivative of Dimercaprol (British Anti Lewisite = BAL), which 
is the only recommended oral chelator for effective and safe 
treatment of lead poisoning[12]. It is also the chelator of choice 
that has been solely approved for pediatrics use by the US FDA 
under the commercial name CHEMET [13].

Another chelator is D-Penicillamine (3-mercapto-D-valine or 
3-Sulfanyl-D-valine or b,b-dimethylcysteine) or DPN, which has 
been used as an oral chelating agent for several decades. DPN 
is a third-line oral chelator for lead toxicity that can reduce BLL 
and reverse hematologic toxicity when used for 4 to 12 weeks 
[14, 15]. Recently, combination therapy with DPN and garlic in 
Pb poisoning has become a subject of interest and such treatment 
has been reported to be efficacious [10, 11, 16].

In Iran, Succimer is very costly and frequently unavailable in 
the market, whereas DPN and garlic are low-cost and conveni-
ently accessible. Moreover, majority of patients with addiction-
related lead poisoning, who are in need of chelator therapy, 
come from low socioeconomic status and could not afford Suc-
cimer. Hence, we aimed to compare the efficacy and expenses of 
a standard regimen (Succimer alone) with those of a low-priced 
combination therapy with D-penicillamine plus garlic.

Methods and participants

In this retrospective cross-sectional study, clinical files of all 
opium addicted patients above 18 years of age, whose lead 
poisoning had been confirmed clinically and laboratory, were 

The symptomatic patients with BLLs above 700 µg/L had 
been treated by either the standard chelator, Succimer, for 
19 days or a combination therapy of D-penicillamine and garlic 
tablets (DPN and Gar) for 30 days. The standard dosing for Suc-
cimer capsules (Succimer, 200 mg Iran, and Succicaptal® 100 
or 200 mg, Serb pharmaceutical company, France) was 10 mg/
kg/dose three times a day for 5 days, and then 10 mg/kg/dose 
two times a day for 14 days. The patients who had been treated 
with DPN, had received 250 mg capsules (Artamin® 250 mg, by 
Sandoz pharmaceutical company, Austria) advising to take one 
capsule two hours after each daily meal (750 mg/day) for three 
days, and if tolerated without any side effects, increase it to two 
capsules per day (1500 mg/day) for 30 days. They had been also 
directed to take 500 mg garlic tablets (Garcin®, Goldaru phar-
maceutical company, Esfahan, Iran) after each meal (1500 mg/
day) for three days, and if tolerated increase to 3000 mg daily 
for 30 days. The above mentioned doses were selected based on 
previous studies [10]. Patients with severe poisoning (sympto-
matic with complications, or BLL above 1000 µg/L) who had 
been candidates for parenteral chelator therapy, but either could 
not afford or refused hospitalization, had also been treated by 
one of the above oral regimens.

After detailed explanation of both regimens regarding pos-
sible side effects and costs, each patient had signed an informed 
consent and treatment had been started with either Succimer 
(Succimer group) or a combination of garlic tablets plus D-pen-
icillamine capsules (DPN + Gar group). We designed the groups 
based on patients’ clinical files. In both groups, blood lead levels 
had been measured by an approved toxicology laboratory using 
heated graphite technique of atomic absorption spectrometry 
method (Perkin Elmer, Model 3030, Chicago, USA) once before 
starting treatments and then one month after treatments com-
pleted. Other laboratory tests and any further assessments had 
been performed as clinically indicated. All demographic data, 
clinical and laboratory findings, were filed confidentially in the 
clinic database. A total of 79 patients (all men), who completed 
the course of treatment, were included in the study.

This study was approved by the ethics committee of Mash-
had University of Medical Sciences (Ethical code: IR.MUMS.
fm.REC.1397.388). We estimated treatment expenses and cal-
culated the reduction percentage of BLL for each patient by the 
following equation:

(

reduction percentage of BLL =

pre treatment BLL − post − treatment BLL

pre − treatment BLL
∗ 100

)

reviewed. We included individuals whose poisonings were 
due to regular intake of lead-adulterated opium, and who had 
received outpatient treatment during 2018 in two referral and 
private toxicology clinics in Mashhad, Iran.

Data were collected and analyzed by SPSS (ver. 11) 
using nonparametric statistical tests. Data are presented as 
mean ± SE and percent. P-values less than 0.05 were con-
sidered statistically significant.
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Results

A total of 79 patients (all men), whose files showed a 
completed course of treatment, were entered the study. Of 
them, 42 individuals were treated by DPN + Gar, and 37 
patients received Succimer. Before treatments, the mean 
BLLs in the DPN + Gar group (965.73 ± 62.54 µg/L) was 
higher than that in the Succimer group (827.59 ± 24.41) 
(p < 0.001). As expected, BLLs of patients receiving Suc-
cimer decreased significantly from 827.59 ± 24.41 to 
337.44 ± 26.34 µg/L (p < 0.001). Similarly in the DPN + Gar 
group, BLLs also declined significantly from 965.73 ± 62.54 
to 365.52 ± 27.61 µg/L (p < 0.001).

The patients who received DPN + Gar, had a significantly 
higher BLLs than that in the Succimer group, both before 
(p < 0.001) and after (p < 0.007) treatment. But, reduction 
percentages were similar (p = 0.196) as described in Table 1.

However, the mean of the absolute amount of reduction 
of BLL in the DPN + Gar group was higher than that in the 

Succimer group (p = 0.007) (Table 1). Both treatment regi-
mens showed similar percent reduction of BLL (Table 2). 
The pretreatment BLL in both groups could not predict the 
post-treatment BLL  (R2 = 0.6, P = 0.11 in DPN + Gar group; 
 R2 = 0.57, P = 0.15 in Succimer group). Fortunately, no seri-
ous side effects were observed throughout the treatment with 
neither Succimer nor the DPN + Gar combination.

In Iran, price of each 200 mg capsule of Succimer is 
nearly three USD, and given the standard dosing (10 mg/kg/
day in divided doses every 8 h for 5 days, then every 12 h for 
14 days), a complete 19-day course of treatment for an aver-
age adult (body weight = 60 kg) would cost approximately 
180 USD. Each 250-mg capsule of DPN roughly costs 0.1 
USD (10 Cents), and each 400-mg tablet approximately 
costs three Cents (prices in February 2021) (Table 3).

Patients in both groups had declared their general sat-
isfaction upon the end of the treatments duration consid-
ering normal lab results and resolution of clinical sign 
and symptoms. Over the course of treatment and later in 

Table 1  Comparison of blood lead level (BLL) in patients with D-penicillamine and garlic table (DPN + Gar) and Succimer at the start and at 
the end of the treatment, and BLL reduction by treatments. BLL is presented as means ± SE (unpaired T-test)

Blood lead level µg/ml Drug Number Mean ± SE (µg/L) Minimum (µg/L) Maximum (µg/L) P-value

At the start of treatment DPN + Gar 42 965.73 ± 62.54 202 2438 0.001
Succimer 37 827.59 ± 24.41 405 1235

At the end of treatment DPN + Gar 42 365.52 ± 27.61 38.9 824 0.007
Succimer 37 337.44 ± 26.34 60.19 984

Reduction by treatment DPN + Gar 42 596.55 ± 54.82 102 1898.5 0.007
Succimer 37 488.20 ± 22.70 116 740

Table 2  The means percentage of Blood lead level (BLL) reduction during treatment by DPN + Gar and Succimer. Percentage reduction of BLL 
is reported in means ± SE (unpaired T test)

Group Number Mean ± SE (%) Median % Minimum% Maximum % P-value

DPN + Gar 42 60.21 ± 2.65 64.18 14.60 88.24 0.175
Succimer 37 59.95 ± 2.43 59.27 11.60 92.27

Table 3  Comparison of dose, adverse effects, and price between Succimer, DPN, and garlic; GI: gastrointestinal

Chelator Suggested Dose in Pb poisoning Major Adverse Effects Price per 
Capsule/
tablet

Succimer 10 mg/kg/day in divided doses (every 8 h for 5 days, then 
every 12 h for 14 days, for a total of 19 days)

GI Discomfort, Rash, Mucocutaneous Reactions, Neutro-
penia, Liver Enzymes Elevation

3 USD

DPN 1 g/day or 10–15 mg/kg/day in 3–4 divided doses for at 
least 4 weeks

GI disturbances (anorexia, nausea, vomiting), changes/
loss of taste, hair loss, hypersensitivity reactions, aplastic 
anemia, nephrotoxic effects, autoimmune reactions, 
headache

0.1 USD

Garlic 400 mg (1200 μg allicin or 2 g fresh garlic) trice a day for 
4 weeks

In high doses: hypersensitivity, GI complications, head-
ache, somnolence, euphoria, polyuria, and muscarinic 
manifestations

0.03 USD
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post-treatment follow-ups, no significant complications were 
reported to physicians.

Discussion

In this study, we described the adequate efficacy and rea-
sonable price of treatment with a combination of DPN and 
garlic in comparison with Succimer alone.

Succimer is the chelator of choice for treatment of lead 
poisoning and has significant benefits; for instance, it allows 
no Pb redistribution into the brain and is more effective 
than CaNa2EDTA in decreasing Pb levels in the brain and 
circulation [10, 13]. It has minimal adverse effects such as 
gastrointestinal discomfort, rash, mild to severe mucocuta-
neous reactions, mild neutropenia, mild elevation of liver 
enzymes etc. [10, 13, 17, 18]. As mentioned before, the 
suggested dose of Succimer in lead poisoning is 10 mg/kg/
day in divided doses (every 8 h for 5 days, then every 12 h 
for 14 days, for a total of 19 days) for adults and children 
older than 12 months [13]. On the other hand, DPN can lead 
to several adverse effects including gastrointestinal distur-
bances (anorexia, nausea, vomiting), changes/loss of taste, 
hair loss, hypersensitivity reactions, aplastic anemia, nephro-
toxic effects, and headache to name but a few. DPN has also 
the potential for eliminating essential nutrients such as zinc 
and iron and its absorption is affected by diet [10, 14, 15]. 
DPN is easily available in the Iranian market and its sug-
gested dose for Lead poisoning is 1 g/day (250 mg every 6 h) 
or 10–15 mg/kg/day titrated in 3–4 divided doses per day for 
at least 4 weeks [15, 19–22]. A quick comparison between 
Succimer and DPA in terms of adverse effects, doses, and 
price is depicted as Table 3.

Recent studies have described garlic (Allium sativum) as 
an herbal medicine with very low price, which could suc-
cessfully chelate Pb in animals and humans [10, 23–25]. In 
a controlled double-blind clinical trial among 117 workers 
of a car battery company, garlic could effectively reduce 
BLLs [11]. Garlic contains sulfur compounds such as S-allyl 
cystine, S-allyl mercaptocystein and allicin, which may have 
chemo-prophylactic and chelating effects in lead toxicity by 
enhancing urinary excretion and preventing gastrointestinal 
absorption of Pb [16, 25, 26]. A study by El-Khishin et al. 
also showed that treatment with garlic extract could decrease 
lead levels as efficacious as Succimer in a rodent model of 
lead toxicity [27]. Similarly, it has been indicated that garlic 
can improve Pb toxic effects by scavenging it from tissues 
and antioxidant activity, which result in decreased tissue 
exposure to Pb [28].

Adverse effects and possible toxicity of garlic are 
mostly observed in high doses and include hypersensi-
tivity, gastrointestinal complications, headache, somno-
lence, euphoria, polyuria, and muscarinic manifestations 

[28, 29]. Extracted garlic tablets are easily available in 
Iran. The recommended dose of garlic in Lead poisoning 
is 400 mg (equivalent to 1200 μg allicin or 2 g fresh garlic) 
three times a day for at least 4 weeks [10, 11, 26]. The cost 
of a one-month course of treatment with garlic plus DPN 
would be less than three USD (price in February 2021).

As known, Succimer is the safest and most efficacious 
chelating agent (compared to other chelators) presently 
available [10, 13, 14, 17, 20]. However, its serious side 
effects, unavailability, and high price are some drawbacks 
for its use in Iran, which oblige the physicians to seek 
more affordable yet effective alternatives for treatment of 
lead poisoning. Some studies have shown that combina-
tion therapy with two chelators could be more promising 
and have less complications than single therapy [17, 22, 
30, 31].

In this study, we observed no significant complications 
in neither of the groups. However, three patients in the Suc-
cimer group and four in the DPN + Gar group had stopped 
their medications due to mild dermal or gastrointestinal dis-
orders. In general, clinical and para-clinical status of patients 
were improved after both treatments.

Limitations

Due to exceptional circumstances in our country regarding 
shortage of some expensive antidotes such as Succimer, 
and based on the clinical and research experience of the 
authors, we were urged to use a combination therapy with 
DPN + Gar. In all patients with high BLL, who could not 
afford either Succimer or hospitalization, mutual decision 
between the clinician and the patient had been made to begin 
the recommended combination regimen. Another limita-
tion of this study was gender bias. A major reason was the 
fact that there were far fewer women with toxic lead levels 
who required rapid therapeutic action outside of standard 
protocols.

Conclusion

Combination therapy with DPN + Gar was as efficacious 
as Succimer. The price of a 19-day treatment with Succi-
mer was 28.6 times higher than with a one-month course of 
treatment with garlic plus DPN. Therefore, it is imperative 
to consider alternative treatments with garlic and DPN in 
lead-poisoned patients, who require prompt chelating ther-
apy while there is either shortage of Succimer or financial 
burdens. Additional prospective studies and randomized tri-
als are required to address the limitations of this study.
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