
192 Copyright © 2018 The Korean Society of Emergency Medicine

Therapeutic effect of ascorbic acid on 
dapsone-induced methemoglobinemia 
in rats
Changwoo Kang1,2, Dong Hoon Kim1,2, Taeyun Kim1, Soo Hoon Lee1,2, 
Jin Hee Jeong1, Sang Bong Lee1, Jin Hyun Kim2,3, Myeong Hee Jung3, 
Kyung-woo Lee4, In Sung Park2,5

1 Department of Emergency Medicine, Gyeongsang National University Hospital, Gyeongsang National 
University School of Medicine, Jinju, Korea

2Institute of Health Sciences, Gyeongsang National University, Jinju, Korea
3Biomedical Research Institute, Gyeongsang National University Hospital, Jinju, Korea
4Department of Emergency Medicine, Catholic University of Daegu, Daegu, Korea
5 Department of Neurosurgery, Gyeongsang National University Hospital, Gyeongsang National University 
School of Medicine, Jinju, Korea

Objective Dapsone (diaminodiphenyl sulfone, DDS) is currently used to treat leprosy, malaria, 
dermatitis herpetiformis, and other diseases. It is also used to treat pneumocystis pneumonia 
and Toxoplasma gondii infection in HIV-positive patients. The most common adverse effect of 
DDS is methemoglobinemia from oxidative stress. Ascorbic acid is an antioxidant and reducing 
agent that scavenges the free radicals produced by oxidative stress. The present study aimed to 
investigate the effect of ascorbic acid in the treatment of DDS induced methemoglobinemia.

Methods Male Sprague-Dawley rats were divided into three groups: an ascorbic acid group, a 
methylene blue (MB) group, and a control group. After DDS (40 mg/kg) treatment via oral ga-
vage, ascorbic acid (15 mg/kg), MB (1 mg/kg), or normal saline were administered via tail vein 
injection. Depending on the duration of the DDS treatment, blood methemoglobin levels, as well 
as the nitric oxide levels and catalase activity, were measured at 60, 120, or 180 minutes after 
DDS administration. 

Results Methemoglobin concentrations in the ascorbic acid and MB groups were significantly 
lower compared to those in the control group across multiple time points. The plasma nitric ox-
ide levels and catalase activity were not different among the groups or time points. 

Conclusion Intravenous ascorbic acid administration is effective in treating DDS-induced met-
hemoglobinemia in a murine model.
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What is already known
Ascorbic acid has been used to treat methemoglobinemia, especially dapsone-
induced methemoglobinemia, in a few clinical cases.

What is new in the current study
As with methylene blue, intravenous ascorbic acid administration was also  
effective to treat dapsone-induced methemoglobinemia in a rat model. 
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INTRODUCTION

Dapsone (diaminodiphenyl sulfone, DDS) is a sulfone antibiotic 
that decreases folate synthesis by inhibiting dihydropteroate syn-
thetase.1,2 It is commonly used to treat leprosy, malaria, dermati-
tis herpetiformis, and other diseases, and has also been adminis-
tered as a prophylactic treatment of pneumocystis pneumonia 
and Toxoplasma gondii infection in HIV-positive patients.3,4

 DDS is insoluble in water and is readily absorbed in the gastro-
intestinal tract. The peak plasma concentration after oral admin-
istration of DDS is reached at 2 to 6 hours after a dose of 100 mg/
kg, and the half-life of the drug is 20 to 30 hours.1,5-7 DDS is me-
tabolized via either N-hydroxylation or acetylation through portal 
circulation in the liver (Fig. 1). It has been suggested that the 
most common adverse effects of DDS—methemoglobinemia and 
hemolysis—are induced by DDS-hydroxylamine, an N-hydroxylat-
ed metabolite of DDS that produces a number of reactive oxygen 
species and methemoglobin as a result of a cyclic oxidation-re-
duction reaction between DDS-hydroxylamine and oxyhemoglo-
bin in red blood cells.8-10 
 Methemoglobin contains one or more ferric state heme ions 
oxidized from ferrous ions; accordingly, it is incapable of binding 

to oxygen.11,12 Therefore, when the concentration of methemo-
globin in the blood is elevated, tissue hypoperfusion, and/or hy-
poxia can occur. Severe methemoglobinemia resulting from a DDS 
overdose can cause cyanosis, dizziness, dyspnea, tachycardia, al-
tered mental status, and eventually, death.13-16

 The most widely accepted treatment for methemoglobinemia 
is intravenous injection of methylene blue. This compound is re-
duced to colorless leucomethylene blue by nicotinamide adenine 
dinucleotide phosphate (NADPH) methylene blue reductase, which 
then reduces methemoglobin to hemoglobin.10 However, methy-
lene blue could induce hemolysis, and should not be administered 
to patients with known glucose-6-phosphate dehydrogenase 
(G6PD) deficiency and non-G6PD deficiency infants.17,18 As an al-
ternative to methylene blue, ascorbic acid has been used to treat 
methemoglobinemia, although multiple doses are required, and 
its response is very slow.19-21 
 Methylene blue has been unavailable in most Korean emer-
gency departments because of an import suspension over the 
past few years. Therefore, we have used ascorbic acid to treat 
methemoglobinemia. The present study was performed to inves-
tigate the effects of ascorbic acid in the treatment of DDS-in-
duced methemoglobinemia by comparing its activity to that of 
methylene blue in an animal model. 

METHODS

Study design
This study consisted of three sets of time dependent experiments 
(60, 120, and 180 minutes) of DDS treatment. The Institutional 
Animal Care and Use Committee of our university approved all 
the protocols (GNU-150508-R0029). This experiment was con-
ducted in accordance with Guide for the Care and Use of Labora-
tory Animals prepared by the National Academy of Sciences.

Animal preparation
Forty-five drug-naïve male Sprague-Dawley rats weighing 250 to 
300 g were used. The animals were housed in a controlled envi-
ronment for 3 to 7 days and were allowed free access to food 
and water. All animals were fasted for 8 hours before the experi-
ment, but had free access to water. The rats were anesthetized by 
inhalation of 3% isoflurane using an anesthetizing box for 60 to 
90 seconds. The tail vein was cannulated using a 24-gauge cath-
eter (BD Insyte Autoguard; Becton-Dickinson, Franklin Lake, NJ, 
USA) to administer the medication. DDS (40 mg/kg; Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) in dimethyl sulfoxide (1 mg/
kg, Santa Cruz Biotechnology) was administered to the rats via 
oral gavage to induce poisoning.

Fig. 1. Metabolic pathways of dapsone (DDS) after absorption from the 
gastrointestinal tract. DDS is transported to the liver, where it is metab-
olized via either N-hydroxylation or acetylation. CYP, cytochrome P450; 
NAT, N-acetyl transferase; DDS-NHOH, dapsone hydroxylamine; MADDS, 
monoacetyl dapsone; MADDS-NHOH, monoacetyl dapsone hydroxyl-
amine.
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Study protocol 
The rats were divided into an ascorbic acid group, a methylene 
blue group, and a control group. Five minutes after DDS adminis-
tration, ascorbic acid (15 mg/kg; Huons, Seongnam, Korea), methy-
lene blue (1 mg/kg; Akorn, Lake Forest, IL, USA), or normal saline 
was administered via tail vein injection over a 5-minute period 
(depending on the group) using a syringe pump (IVAC P6000; 
Alaris Medical Systems, San Diego, CA, USA). Ascorbic acid and 
methylene blue were diluted in normal saline, and equivalent vol-
umes were administered to the three groups. At 60, 120, and 180 
minutes after DDS administration, five rats from each group were 
anesthetized using an intravenous injection of alfaxalone (10 
mg/kg; Alfaxan, Jurox, Rutherford, NSW, Australia) (Fig. 2). 

Blood collection
After anesthesia, a thoracotomy was performed, and blood sam-
ples were collected from the heart of the rats. The blood samples 
were divided into a heparinized syringe to measure the methe-
moglobin levels and into an EDTA tube for the nitric oxide (NO) 
and catalase (CAT) assays. Plasma separation by centrifugation at 

3,000 rpm for 15 minutes at 4°C was performed, and the plasma 
was stored at -80°C until the NO and CAT assays were conducted.

Biochemical measurements
Blood methemoglobin level
The methemoglobin concentration in the blood was measured 
using an ABL90 FLEX blood gas analyzer (Radiometer, Copenha-
gen, Denmark). Carbon monoxide oximetry was used to deter-
mine the percentage of methemoglobin in a blood sample.

Determination of oxidative stress parameters (NO and CAT  
assays)
NO is a reactive radical that rapidly oxidizes to nitrite and nitrate. 
NO levels were measured based on the concentrations of accu-
mulated nitrate and nitrite using a modified Griess method with 
a commercial quantitative colorimetric assay kit (QuantiChrom 
Nitric Oxide Assay Kit, BioAssay Systems, Hayward, CA, USA) ac-
cording to the manufacturer’s instructions. 
 Briefly, 150 μL of plasma was mixed with 8 μL of ZnSO4 in 1.5 
mL tubes. After the samples were vortexed, 8 μL of NaOH was 

Fig. 2. Study protocol of the animal experiment. DDS, dapsone; IV, intravenous; MB, methylene blue; NS, normal saline.
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added, and the samples were vortexed again and centrifuged for 
10 minutes at 14,000 rpm. Approximately 100 μL of the clear su-
pernatant was transferred to a clean tube. Then, 100 μL of re-
agent A, 4 μL of reagent B, and 100 μL of reagent C were mixed, 
and 200 μL of the working solution was added to each sample 
and incubated for 10 minutes at 60°C. The reaction tubes were 
centrifuged to pellet any precipitates, and 250 μL of each reac-
tion was transferred to separate wells in a 96-well plate. The op-
tical density of the samples was measured at 540 nm.
 CAT is an antioxidant enzyme that converts hydrogen peroxide 
(H2O2) to water and oxygen. CAT activity was measured using the 
EnzyChrom Catalase Assay Kit (BioAssay Systems). 
 Ten microliters of each sample was transferred into the wells 
of a 96-well plate. One sample was prepared as a blank well and 
contained only 10 μL of assay buffer. Next, 400 μL of assay buffer 
was added to positive control tube and mixed well; 10 μL of this 
reconstituted positive control was transferred into a separate well. 
Thereafter, 5 μL of 3% H2O2 and 914 μL of dH2O (final concentra-
tion 4.8 mM) were mixed, and 90 μL of this 50 µM substrate was 
added to these wells to initiate the CAT reaction and incubated 
for 30 minutes at room temperature. Afterwards, 40 μL of 4.8 
mM H2O2 was combined with 440 μL of dH2O to yield 400 µM 
dH2O2. For each well, 102 μL of assay buffer, 1 μL of dye reagent, 
and 1 μL of horseradish peroxidase was added, followed by the 
addition of 100 μL of detection reagent per well after a 30-min-
ute incubation. After the samples were incubated for 10 minutes, 
their optical density values were measured at 570 nm.

Statistical analysis 
The sample size was calculated based on superiority of intrave-
nous ascorbic acid and methylene blue administration over nor-

mal saline in DDS-induced methemoglobinemia. On the basis of a 
previous study, we expected that ascorbic acid and methylene blue 
administration would be approximately 40% more effective com-
pared to normal saline at lowering the levels of methemoglobin.22 
A total sample size of 15 rats (five in each group) achieves a 90% 
power to detect a difference of 5% among the means.
 Continuous data are expressed as the mean±standard devia-
tion. The test for normality was performed using a Shapiro-Wilk 
test. The Kruskal-Wallis test with the Mann-Whitney U post hoc 
test was used to perform comparisons among the groups if the 
normality assumption was not satisfied. Statistical analysis was 
conducted using IBM SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA), 
and P-values <0.05 were considered statistically significant.

RESULTS

Methemoglobin concentration
The methemoglobin concentrations in the three groups at 60, 120, 
and 180 minutes are shown in Fig. 3. At 60 minutes, significantly 
lower concentrations of methemoglobin were measured in the 
methylene blue (3.0±0.7%) and ascorbic acid groups (4.4±1.0%)  
compared with the concentrations in the control group (14.1±3.2%, 
P<0.01). At 120 minutes, the methemoglobin concentration was 
14.8±5.5% in the control group, 3.1±0.8% in the methylene 
blue group, and 10.7±3.6% in the ascorbic acid group (P=0.01). 
At 180 minutes, the methemoglobin concentrations of three groups 
were 20.4±4.7% (control group), 4.8±1.7% (methylene blue group), 
and 10.0±3.0% (ascorbic acid group) (P<0.01).

NO levels and CAT activity
The plasma NO levels of the three groups at 60, 120, and 180 

Fig. 3. Methemoglobin concentrations among the three groups at 60, 
120, and 180 minutes after dapsone treatment. *P<0.01, methylene 
blue group vs. control group. **P<0.01, ascorbic acid group vs. control 
group. §P=0.01, methylene blue group vs. ascorbic acid group.
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Fig. 4. Plasma nitric oxide (NO) levels among the three groups at 60, 120, 
and 180 minutes after dapsone treatment.
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minutes are shown in Fig. 4. There were no statistically significant 
differences among the three groups. The CAT activity in the three 
groups at 60, 120, and 180 minutes is shown in Fig. 5. There were 
also no statistically significant differences among the groups.
 

DISCUSSION

Based on our results, ascorbic acid is an effective treatment for 
methemoglobinemia induced by DDS poisoning. However, it is 
unclear whether ascorbic acid is more effective than methylene 
blue at treating DDS-induced methemoglobinemia. 
 Methemoglobin is formed by oxidizing normal ferrous heme 
ions to ferric state ions. Methemoglobin has a reduced ability for 
oxygen transport to tissues, which causes cellular hypoxia. Under 
normal conditions, methemoglobin levels are <1%. However, un-
der conditions of oxidative stress, methemoglobin levels can in-
crease. There are two types of methemoglobinemia: congenital 
and acquired. Acquired methemoglobinemia is a result of increased 
methemoglobin formation by exogenous oxidizing agents and is 
more common; cases of congenital methemoglobinemia are rare. 
 Normally, low methemoglobin levels are maintained by reduc-
ing mechanisms through enzymatic systems and cellular antioxi-
dants. NADH-dependent cytochrome b5 methemoglobin reduc-
tase is the major enzyme responsible for the reduction of methe-
moglobin, and NADPH-dependent methemoglobin reductase is a 
minor pathway.10 Cellular antioxidants, such as ascorbic acid and 
glutathione, play a minor role in reducing methemoglobin. 
 If significant symptoms (e.g., cyanosis, dizziness, dyspnea, tachy-
cardia, or altered mental status) indicative of methemoglobinemia 
are present, or methemoglobin levels are >25%, which is often 
the situation in intentional or accidental drug overdoses, specific 
therapies are indicated. The standard treatment for methemoglo-

binemia is intravenous administration of methylene blue, which 
is currently considered the gold standard of treatment for methe-
moglobinemia. Methylene blue reduces toxic levels of methemo-
globin to a non-toxic level within 10 to 60 minutes via an NADPH-
dependent pathway.23 
 However, methylene blue should not be administered to pati-
ents with known G6PD deficiency, because it reduces the NADPH 
generated by G6PD. As a result, this treatment is minimally effec-
tive, or could be potentially harmful, because it may exacerbate 
the degree of methemoglobinemia and induce acute hemolysis. 
In addition, methylene blue can cause serotonin toxicity. Several 
case reports of methylene blue-associated serotonin toxicity have 
been described in which methylene blue was intravenously ad-
ministered to stain parathyroid glands during parathyroidectomy 
in patients receiving serotonergic psychotropic drugs.24 In one se-
vere case, methylene blue-associated serotonin toxicity was fatal.25 

 When methylene blue is unavailable, ascorbic acid can be used, 
although multiple doses are required, and its response is less ef-
fective. As an alternative to methylene blue, ascorbic acid can be 
a therapeutic agent for methemoglobinemia in some cases.19-21,26 
Ascorbic acid, the most investigated antioxidant and free radical 
scavenger in the literature, reduces methemoglobin directly.27,28 
Topal and Topal19 reported a case in which methemoglobinemia 
induced by the local anesthetic prilocaine was treated with ascor-
bic acid instead of methylene blue as an alternative method. A 
previously healthy 70-day-old male developed toxic methemo-
globinemia after local administration of prilocaine for circumci-
sion, and 300 mg of intravenous ascorbic acid was administered 
slowly over a 24-hour period. His initial levels of methemoglobin 
were found to be 24.5% before ascorbic acid treatment; whereas, 
at 24 hours after treatment, his methemoglobin levels were 2%. 
Park et al.20 also reported that methemoglobinemia was treated 
successfully with ascorbic acid. In this case, DDS induced toxic 
methemoglobinemia, and high doses of ascorbic acid (i.e., 10 g of 
ascorbic acid every 6 hours) were administered until approximate-
ly 54 hours after emergency department presentation. Another 
case series of ascorbic acid treatment for methemoglobinemia 
was reported by Rino et al.26 The authors described five cases of 
children with acquired methemoglobinemia; one patient became 
symptomatic after treatment with DDS for pemphigus, and three 
patients developed symptoms after ingestion of either food or 
water suspected of containing high levels of nitrites. The methe-
moglobin levels of these patients ranged from 6.4% to 43%. 
When intravenous ascorbic acid and 100% oxygen were provided, 
the patients recovered successfully. Cimetidine and N-acetylcys-
teine have also been studied for treating methemoglobinemia; how-
ever, their therapeutic effects are poorly understood.8,9,29

Fig. 5. Catalase activity among the three groups at 60, 120, and 180 
minutes after dapsone treatment.
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 In this study, we demonstrated that intravenous ascorbic acid 
administration was effective at reducing methemoglobin levels. 
However, ascorbic acid was slightly less effective than methylene 
blue administration. At 120 minutes, the methemoglobin concen-
tration of the ascorbic acid group was not significantly different 
from that of the control group, whereas the methylene blue group 
showed a more marked difference. In actual clinical cases, be-
cause the therapeutic response to ascorbic acid is less marked, 
repeated doses of intravenous ascorbic acid or an oral prepara-
tion have been prescribed, whereas we administered a single in-
travenous dose of ascorbic acid.20,26 Furthermore, we adminis-
tered 15 mg/kg of ascorbic acid in doses determined in a pilot 
study. Therefore, a higher dose of ascorbic acid might be needed 
to achieve better therapeutic results.
 We measured the NO levels and CAT activity in each group to 
assess the state of oxidative stress. NO is an important regulatory 
molecule that is associated with host defense and development, 
and is produced biologically from the oxidation of L-arginine to 
L-citrulline, which is catalyzed by NO synthase.30 NO is indicative 
of cytotoxic effects along with other reactive oxygen species, such 
as H2O2 and superoxide.31 Catalase is an antioxidant enzyme that 
can degrade H2O2 to water and oxygen. The breakdown of H2O2 in 
the cell by catalase prevents oxidative damage. A number of stud-
ies regarding the role of H2O2 in oxidative stress have been con-
ducted.32,33 Contrary to our expectations, plasma NO levels and 
CAT activity at 60, 120, and 180 minutes did not show any statis-
tical differences among any of the groups. The reasons for this 
may be 1) the short study period from drug administration until 
measurement of the drug’s effect; 2) the selection of an inappro-
priate target to measure oxidative stress; and 3) the relatively small 
dose of administered ascorbic acid (as mentioned earlier). Further 
study is needed with higher doses of ascorbic acid, as well as with 
measurements of different oxidative stress parameters. In sum-
mary, in the present study, intravenous ascorbic acid administra-
tion was effective for the treatment of DDS-induced methemo-
globinemia in a murine model. 
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