
1

Research Paper: The Effects of Succimer and 
Penicillamine on Acute Lead Poisoning Patients
Gholamali Dorooshi1 , Negar Molavi1, Rokhsareh Meamar1* , Akbar Hasanzadeh2, Nastaran Eizadi-Mood1

1. Department of Clinical Toxicology, Isfahan Clinical Toxicology Research Center, Isfahan University of Medical Sciences, Isfahan, Iran.
2. Department of Epidemiology & Biostatistics, Faculty of Health, Isfahan University of Medical Sciences, Isfahan, Iran. 

* Corresponding Author: 
Rokhsareh Meamar, MD, Ph.D.
Address: Department of Clinical Toxicology, Isfahan Clinical Toxicology Research Center, Isfahan University of Medical Sciences, Isfahan, Iran.
Tel: +98 (913) 3091206
E-mail: meamar@pharm.mui.ac.ir

Background: Lead poisoning was on the rise in recent years. There exists a lack of easy access 
to some of the main chelator drugs in developing countries. Thus, this study aimed to explore 
the comparative effects of Succimer and D-Penicillamine on acute lead poisoning patients 
from 2013 to 2018. 

Methods: This descriptive study was conducted in the Clinical Toxicology Department of 
Khorshid Hospital in Isfahan City, Iran. Adult patients with acute lead poisoning were included 
in the study. Patients in the 3 treatment groups of D-Penicillamine, D-Penicillamine with 
succimer, and succimer were compared concerning demographic characteristics as well as 
clinical and laboratory findings at admission time and two weeks later.

Results: In total, 163 patients were evaluated in this research. There was no significant 
difference between the treatment groups respecting improvement in clinical symptoms. The 
mean blood lead levels during hospitalization and two weeks after the treatment did not 
significantly differ between the three groups; however, there was a significant reduction in 
all study groups after two weeks of treatment (P<0.05). The mean white blood cell count 
was significantly lower only in the D-Penicillamine group two weeks after hospitalization 
(P<0.05). In the D-Penicillamine group, the mean platelet, hematocrit, and hemoglobin levels 
were significantly lower two weeks after hospitalization, although within the healthy range.

Conclusion: D-Penicillamine may be an acceptable chelator drug for treating patients with 
acute lead poisoning, especially in communities without access to drugs, like succimer.
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1. Introduction

ead is among the oldest known toxins; lead 
poisoning is a dangerous environmental and 
occupational disease [1]. It is more common 
and severe in developing countries. In the 
past 6 years, we have encountered a high 

prevalence of lead poisoning in Iran among opium users, 
especially its oral consumption [2, 3]. Numerous studies 
have investigated the potential association between blood 
lead levels and various diseases in children and adults [4, 
5]. The level of lead in blood and tissues, as well as the 
duration of exposure, could determine its toxicity [5]. 
Acute lead poisoning in recent years in Iran has occurred 
following the oral consumption of opium; however, in 
other parts of the world, it is often generated after eating, 
inhaling, or injecting large amounts of lead [6].

In the central nervous system, lead causes changes in 
the cerebral microvascular system; accordingly, such 
alternations result in cerebral edema, increased intracra-
nial pressure, and acute encephalopathy syndrome [1]. 
Peripheral neuropathy is the classic effect of lead poison-
ing in adults. In this disease, the motor nerves are more 
involved than the sensory nerves, the hands are more 
involved than the legs, and the extensors are more in-
volved than the flexors. Additionally, in children, lead 
poisoning reduces the Intelligence Quotient (IQ) [5].

Preventive measures against lead poisoning include ef-
forts to clear the environment and workplace of lead-
containing materials [1] and increase workplace ventila-
tion [7, 8]. Besides, the main treatment is based on using 
the chelating drugs, which bind to lead and excrete it 
from the body. Implementing pharmacotherapy and the 
choice of its type depends on the patient’s age, clinical 
symptoms, and blood lead level [5]. The indications for 
chelator therapy in adult acute lead poisoning, include 
the clinical manifestations of target organ damage (neu-
ropathy or nephropathy), and asymptomatic patients 
with blood lead levels above 70 µg/dL with a strongly 
positive history or biochemical signs of poisoning [9]. 
In patients whose blood lead levels are not immediately 
available, those with a positive history can undergo ex-
perimental chelator treatment, if presenting confirmatory 
laboratory tests [10]. Dimercaprol (British Anti Lewisite; 
BAL) with CaNa2EDTA (injection) is recommended for 
severe poisoning (encephalopathy) or lead levels >100 
µg/dL and succimer (DMSA) (orally) for managing mild 
lead poisoning [5]. 

D-Penicillamine is a well-known lead chelator, used to 
be the first-line treatment in mild to moderate lead poi-

soning; currently, with the availability of other drugs, it is 
only used to treat copper, mercury, and arsenic poisoning 
[11, 12]. Succimer, compared with other suggested drugs 
in lead poisoning is a low-complication drug [13-15].

Considering the high prevalence of lead poisoning 
due to oral opium consumption, and the limited suc-
cimer availability in our country [3], D-Penicillamine is 
the only drug, i.e., widely available and inexpensive. It 
is used by physicians for treating lead poisoning. This 
study compared the effects of succimer and D-penicilla-
mine on acute lead poisoning patients. 

2. Materials and Methods

After obtaining the code of ethics for this descriptive 
study (IR.MUI.MED.REC.1398.488), the information 
related to all patients with acute lead poisoning was re-
viewed. For this purpose, we referred to the archives of 
Khorshid Hospital in Isfahan City, Iran, from 2013 to 2018.

The inclusion criteria included adult patients with acute 
lead poisoning; presenting one or more symptoms of in-
toxication, such as abdominal pain, constipation, head-
ache, restlessness, memory and behavioral problems, 
tingling sensation in hands or feet, or blood lead levels 
≥70 μg/dL. Acute lead poisoning refers to the symptoms 
of poisoning that occur during the last 6 weeks follow-
ing the contact with lead over the past year [5]. The ex-
clusion criteria were patients’ unwillingness to continue 
cooperation during treatment or at follow-up, presenting 
severe renal insufficiency, and elevated creatinine during 
treatment. Patients who had contraindications to using 
drugs, such as penicillin allergy, renal failure, and bone 
marrow diseases, etc. were excluded from the study. All 
demographic findings, including age, gender, clinical 
signs (fever, icter, illusions, delusions, skin rash, limb 
weakness, weak plantar reflex, convulsions, abdominal 
pain, constipation, nausea, vomiting, & anorexia) spasm, 
vital signs, including systolic and diastolic blood pres-
sure, heart rate, outcome and the duration of hospital-
ization, and laboratory data (i.e., BUN, Cr, Na, K, ALT, 
AST, blood analysis) were recorded. 

The study patients were divided into 3 treatment 
groups, as follows: D-Penicillamine (250 mg every 6 
hours orally for two weeks); D-Penicillamine (250 mg 
every 6 hours orally for two weeks) plus succimer (200 
mg every 6 hours orally for two weeks); and succimer 
(10 mg/kg for the first 5 days every 8 hours, then every 
12 hours up to 14 days). 

L
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The research patients were hospitalized in the poison-
ing ward until all symptoms were resolved. They were 
followed up for 4 weeks after discharge. The patients’ 
blood lead levels were checked 3 weeks after discharge 
and their clinical symptoms were assessed. The demo-
graphic characteristics, clinical signs, and laboratory pa-
rameters of patients at admission and 3 weeks later were 
recorded in the data gathering form. 

The obtained data were analyzed by SPSS. Descriptive 
data were reported using Mean±SD, percentage, and 
absolute count. The collected data were analyzed using 
Chi-squared or Fisher’s Exact test, Paired Samples t-test, 
and Analysis of Variance (ANOVA) At P<0.05.

3. Results

In total, 163 patients were included in the study. More-
over, 93 patients received D-Penicillamine, 35 patients 
received D-Penicillamine plus succimer, and 35 patients 
only received succimer. Approximately 95% of the ex-

plored patients were males. There was no significant dif-
ference in the frequency distribution of gender (P=0.84) 
and outcome (P=0.32) between the study groups. The 
explored patients were evaluated for clinical symptoms 
at admission. The most common condition observed 
among the patients was gastrointestinal symptoms (ab-
dominal pain: 82.7%) (Table 1).

Nausea and vomiting were significantly lower in the D-
Penicillamine group than the other two groups (P=0.01). 
The frequency of other symptoms was not significantly 
different between the research groups (P>0.05).

Mean age, the duration of hospitalization, mean blood 
pressure, and heart rate were not significantly different 
between the study groups. The age range of the study 
subjects was 14-79 years in the D-Penicillamine group, 
26-64 years in the D-Penicillamine plus succimer group, 
and 30-74 years in the succimer group (Table 2).

Table 1. Epidemiological and clinical manifestations of the examined patients with acute lead poisoning

Variables
No. (%) P (Be-

tween 
Groups)*D-Penicillamine D-Penicillamine+Succimer Succimer

Gender
Female 4 (34.3) 2 (5.7) 1 (2.9)

0.84
Male 89 (95.7) 33 (94.3) 34 (97.1)

Outcome 

Uncomplicated 
recovery 91 (97.8) 35 (100) 35 (100)

0.33
Death 2 (2.2) 0 (0) 0 (0)

Abdominal pain 74 (79.6) 32 (91.4) 27 (77.1) 0.23

Constipation 32 (34.4) 9 (25.7) 14 (40) 0.44

Nausea & vomiting 17 (18.3) 15 (42.9) 12 (34.3) 0.01

Anorexia 12 (12.9) 1 (2.9) 4 (11.4) 0.17

Illusions & delusions 0 (0) 1 (2.9) 1 (2.9) 0.18

Weak plantar reflex 34 (36.6) 16 (45.7) 15 (42.9) 0.59

Spasm 6 (6.5) 1 (2.9) 1 (2.9) 0.56

Fever 2 (2.02) 0 (0) 1 (2.9) 0.47

Skin rash 2 (2.02) 0 (0) 0 (0) 0.32

Limb weakness 16 (17.2) 4 (11.4) 4 (11.4) 0.59

Icter 2 (2.2) 1 (2.9) 0 (0) 0.47

Convulsions 0 (0) 1 (2.9) 1 (2.9) 0.18

*At the 5% level of Chi-squared test/Fisher’s Exact test
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The collected results revealed no significant differ-
ence in improving blood lead levels between the treat-
ment groups. Furthermore, the mean Blood Lead Lev-
els (BLL) at admission (P=0.38) and three weeks after 
admission (P=0.32) were not significantly different be-
tween the 3 groups; however, in all study groups, 3 weeks 
after admission, there was a significant decrease in BLL, 
compared with the admission time (P<0.001) (Table 3).

In laboratory parameters, in all study groups, the mean 
blood urea nitrogen was significantly lower 3 weeks after 
admission, compared to the time of admission (P<0.05). 
The mean white blood cells only in the D-Penicillamine 
group, 3 weeks after admission, was significantly lower 
than the admission time (P=0.01). No other significant 
differences were observed in any groups regarding the 
other clinical parameters. 

The obtained results suggested that the mean plate-
lets (P<0.001), hematocrit (P=0.002), and hemoglobin 
(P<0.001) in the D-Penicillamine group, 3 weeks after ad-
mission, were significantly lower than that of the time of 
admission. No significant difference was observed among 
the other blood parameters in the study groups (Table 4).

4. Discussion

The current retrospective study compared the effects of 
D-Penicillamine and Succimer chelators on the clinical 
and laboratory symptoms of patients with acute lead poi-
soning before and after chelator therapy. The obtained 
results suggested no significant difference between the 
treated groups concerning the improvement of clinical 
symptoms; all three treatment approaches were equally 
effective. Respecting laboratory parameters, in the D-
Penicillamine group, the mean value of blood urea nitro-
gen, white blood cells, platelets, hematocrit, and hemo-
globin indicated a significant decrease after three weeks; 
however, all of them were within the normal range and 
required no intervention. Several reports of life-threaten-
ing adverse reactions, such as bone marrow and kidney 
dysfunction leading to leucopenia, thrombocytopenia, 
and skin complications, have led to D-Penicillamine as 
a third-line drug in treating lead poisoning [10, 16, 17]; 
thus, they should be used with caution. Despite its risks, 
this drug with low-dose (15 mg/kg/day) remains desir-
able in mild to moderate lead poisoning in children and 
adults [18, 19]. 

Concerning D-penicillamine, Paeezi et al. and Far-
zaneh et al. suggested that D-penicillamine may be an 
acceptable alternative treatment for lead poisoning in 

Table 2. The Mean±SD age and duration of hospitalization and blood pressure in the research groups

Variables
Mean±SD P (Between 

Group)*D-Penicillamine D-Penicillamine+Succimer Succimer

Age (y) 47.1±12.3 42.8±9.5 44.5±9.8 0.13

Length of hospitalization (day) 2.7±1.1 3.4±2.9 3.1±2.7 0.16

Systolic blood pressure (mm Hg) 131.3±22.7 128.9±15.5 132.3±18.4 0.79

Diastolic blood pressure (mm Hg) 83.7±13.2 80.6±14.4 82.6±10.6 0.51

Heart rate/minute 84.3±14.2 84.9±12.9 87.4±14.2 0.58

* At the level of 5% one-way ANOVA

Table 3. Comparing the Mean±SD blood lead levels between the research groups at admission and 3 weeks later

BLL (μg/dL) 
Time

Mean±SD P (Within 
Group)*D-Penicillamine D-Penicillamine+Succimer Succimer

At admission 89.1±27.1 87.4±20.8 95.5±29.5 0.38

Three weeks later 54.6±16.8 53.4±17.6 58.9±16.1 0.32

P (between group) <0.001* <0.001* <0.001*

 Blood Lead Level (BLL); * At the level of 5% Paired Samples t-test; ** one-way ANOVA.
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Table 4. Comparing the mean laboratory data between the treated groups

Variables Time
Mean±SD P

(Between 
Group)*D-Penicillamine D-Penicillamine With Succimer Succimer

BUN (mg/dL)
At admission 16.3±5.9 14.6±5.7 17.1±7.9 0.28

Three weeks after 
admission 14.03±6.5 10.4±3.5 11.2±3.1 0.07

P** (within groups) 0.02 0.005 0.03

Cr (mg/dL)
At admission 1.1±0.1 1.1±0.2 0.9±0.04 0.70

Three weeks after 
admission 1.2±0.4 0.8±0.05 0.8±0.04 0.55

P** (within groups) 0.32 0.30 0.19

ALT (mg/dL)
At admission 37.5±4.1 39.3±4.5 42.8±6.8 0.79

Three weeks after 
admission 36.7±5.5 30.4±6.4 32.3±8.8 0.77

P** (within groups) 0.94 0.23 0.22

AST (mg/dL)
At admission 44.6±3.1 43.6±3.9 45.5±5.8 0.96

Three weeks after 
admission 36.8±4.8 33.3±3.4 33.8±5.9 0.85

P** (within groups) 0.15 0.14 0.11

Na (meq/L)
At admission 136.7±3.1 136.7±3.6 136.8±2.9 0.98

Three weeks after 
admission 135.5±3.6 134.5±3.9 134.1±4.7 0.27

P** (within groups) 0.12 0.13 0.14

K (meq/L)
At admission 4.1±0.5 4.1±0.5 4±0.5 0.29

Three weeks after 
admission 3.9±0.4 4.04±0.5 3.9±0.6 0.46

P** (within groups) 0.10 0.12 0.74

RBC (M/µL)
At admission 4.2±0.9 3.7±0.6 4.3±0.9 0.13

Three weeks after 
admission 3.9±0.1 3.7±0.1 4.2±0.3 0.14

P** (within groups) 0.09 0.33 0.82

WBC (K/µL)
At admission 8.9±2.9 9.8±2.9 10±3.3 0.14

Three weeks after 
admission 8.3±2.6 8.9±2.7 9.9±3.7 0.06

P** (within groups) 0.01 0.14 0.51

MCV(FL)
At admission 85.3±6.9 86±4.1 85.5±6.9 0.88

Three weeks after 
admission 86.1±6.8 87.3±6.02 84.3±7.6 0.38

P** (within groups) 0.08 0.13 0.88

MCH (PG)
At admission 27.8±3.8 28.4±2.8 28.3±2.9 0.64

Three weeks after 
admission 27.9±3.2 27.9±2.1 27.4±3.7 0.77

P** (within groups) 0.74 0.60 0.66
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adults; it has no serious adverse effects. Therefore, us-
ing this drug can be beneficial, especially in cases with a 
high prevalence of lead poisoning and limited access to 
other antidotes [20, 21]. In a study on 84 lead-poisoned 
patients treated with D-Penicillamine, Shannon et al. 
reported that in one-third of the patients, complications, 
such as transient leucopenia, thrombocytopenia, rash, 
enuresis, and abdominal pain were observed [19]. 

In another study, however, Shannon observed fewer ad-
verse effects, including leukopenia and rash in children 
with lead poisoning at reduced doses of D-Penicillamine 
(15 mg/kg/dose). Additionally, they detected no transient 
thrombocytopenia, enuresis, and abdominal pain. This 
finding suggests that adverse effects may be declined by 
reducing the dose of D-Penicillamine. It has been per-
formed in children; thus, the results may not be valid for 
adults [22]. However, their obtained results were consis-
tent with those of the present study, i.e., a turning point 
in expanding the age range of the use of D-Penicillamine 
for treating lead poisoning from children to adults.

Furthermore, in the other two groups (D-Penicillamine 
plus succimer & succimer groups), the mean blood urea 

nitrogen significantly decreased after 3 weeks without 
any requirement for intervention. A review study on 912 
patients treated with succimer revealed that most pa-
tients with symptoms recovered to some extent after two 
days of treatment, with only a transient increase in trans-
aminase activity occurring in >60% of the patients dur-
ing treatment, which had no significant clinical conse-
quences [14]. These results were consistent with those of 
the present study. Moreover, in that study, skin reactions 
occurred in approximately 6% of the patients and the uri-
nary excretion of copper and zinc also increased; how-
ever, it did not reach a clinically significant level [14]. 
Some researchers believed that neutropenia, abdominal 
cramps, nausea and vomiting, eosinophilia, and severe 
mucocutaneous reactions are other adverse effects of this 
drug. Therefore, using this drug should be discontinued 
if they occur [10, 13]. 

5. Conclusion

The obtained data indicated no significant difference 
between the study treatment groups concerning im-
provement in clinical symptoms. D-Penicillamine may 
be an acceptable and useful chelator for treating patients 

Variables Time
Mean±SD P

(Between 
Group)*D-Penicillamine D-Penicillamine With Succimer Succimer

RDW (%)
At admission 15.7±2.7 15.9±2.5 16.03±2.2 0.81

Three weeks after 
admission 15.9±2.5 16.6±2.9 16.6±2.5 0.48

P** (within groups) 0.24 0.07 0.23

PLT (K/µL)
At admission 245.9±87.4 243.1±72.9 256.9±65.4 0.79

Three weeks after 
admission 226.03±84.9 243.4±65.7 236.1±69.9 0.63

P** (within groups) <0.001 0.94 0.27

HCT (%)
At admission 35.1±5.5 32.6±4.7 35.9±7.1 0.06

Three weeks after 
admission 33.3±5.8 32.9±4.3 34.4±4.04 0.64

P** (within groups) 0.002 0.73 0.82

Hb (g\dl)
At admission 11.5±2.1 10.7±1.8 11.8±2.6 0.09

Three weeks after 
admission 10.8±2.1 10.6±1.6 11.3±1.7 0.51

P** (within groups) <0.001 0.21 >0.05

* One-way ANOVA.

** Paired Samples t-test.

Aspartate transaminase (AST); Alanine transaminase (ALT); Creatinine (Cr); Blood Urea Nitrogen (BUN); Red Blood Cell (RBC); 
White Blood Cell (WBC); Mean Corpuscular Hemoglobin (MCH); Mean Corpuscular Volume (MCV); Red Blood Cell Distribution 
Width (RDW); Hematocrit (HCT); Hemoglobin (Hb); Platelets (PLT)
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with acute lead poisoning, especially in communities 
that have no access to other drugs, like succimer. 
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