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Abstract

Sodium thiosulfate (STS) is a possible therapeutic candidate molecule in a range of diseases
and drug-induced toxicities due to its antioxidant, anti-inflammatory, and anti-apoptotic
capabilities. The current study aimed to find the effective dose of STS in adult male rats given
nicotine by evaluating serum MDA and blood partial pressure of oxygen (PO>) levels. Thirty-six
adult male Wistar rats, Rattus norvegicus (weighing 190-220 g) with an age of 3-3.5 months,
were chosen randomly and separated into six equal groups, administered for 28 days. Animals in
the control group were administered an intraperitoneal (i.p.) injection of normal saline, while
those in groups 1, 2, 3, 4, and 5 received repeated doses of an i.p. nicotine injection of 1.5 mg/kg
b.wt. One hour later, they were I.P. injected with 150, 250, 350, 450, and 550 mg/kg b.wt. of
STS, respectively. Both medications continued to be given for 28 days. At the end of the
experiment, serum malondialdehyde (MDA) and PO2 were measured. Results showed a negative
relationship between blood PO> concentration and five successive doses of sodium thiosulfate,
but a positive linear relationship among successive doses of sodium thiosulfate on serum MDA
concentration was observed. The estimated amount of sodium thiosulfate that caused a
considerable decrease in serum MDA levels and a rise in blood PO, was found to be 450 mg/kg
bw.t. The current study's findings show that different doses of sodium thiosulfate can
significantly reduce the harmful effects of nicotine exposure by reducing the formation of
oxidative stress and the detrimental effects on respiratory function, which are characterized by an
increase in blood PO: levels.
Keywords: Sodium thiosulfate, Effective dose, MDA, Blood, Partial pressure, Oxygen.

1. Introduction

Thiosulfate, or sodium thiosulfate (Na2S203, or STS), is an oxidative component of hydrogen
sulfide (H.S), the third family member, and an intrinsic signaling chemical. Acute cyanide
toxicity, cisplatin toxicity during cancer treatment, and calciphylaxis in dialysis patients are
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currently all treated clinically with STS. STS is a possible therapeutic candidate molecule with
antioxidant and anti-inflammatory capabilities that is able to target numerous biological
mechanisms underlying diverse illnesses and drug-stimulated toxicities. (1). To scavenge nitric
oxide, superoxide, and hydroxyl radicals, various dosages of STS were used. Thiosulfate's ability
to combat free radicals is thought to be due to either an improvement in the antioxidant system or
an innate capacity (2). Sodium thiosulfate, a non-toxic substance approved by the FDA, is used
for treating cyanide poisoning and calciphylaxis (3). It acts as an antioxidant, removing reactive
oxygen species (ROS) (4) and activating antioxidant enzymes (5). It also has vasodilatory,
antiapoptotic, and anti-inflammatory properties (6). Lipid peroxide, also known as MDA, is
linked to cancer and can harm enzymes and DNA (7). Smoking is a major airborne pollutant
affecting human lung health, causing the development of reactive oxygen species (ROS) and
reactive nitrogen species (RNS) (8). These pollutants can damage biomolecules, initiate
pathogenic cellular processes, and contribute to lung illnesses (9). Despite lung antioxidant
defenses, ongoing exposure to nicotine leads to persistent free radical production (10). Nicotine
exposure to rats has been linked to a decrease in tight junction protein (TJP) gene expression,
which is crucial for maintaining healthy lungs. This is due to an increase in oxidative stress-
associated genes (11), which can lead to inflammation, changes in histone acetylation, and
oxidation of lipids, proteins, and DNA. This can lead to respiratory disorders such as asthma,
chronic pulmonary obstructive disorder, cystic fibrosis, acute respiratory distress syndrome,
pneumonitis, lung cancer, and obstructive sleep apnea (12, 13). Studies suggest that cigarette
smoke exposure may result in oxidative stress or degradation of vital biological macromolecules,
potentially leading to the deactivation of the protein 1-protease inhibitor. (14, 15, 16). Studies
show that nicotine injection can cause lung complications in mice, including alveolar damage,
emphysema, blood vessel congestion, hemorrhage, edema, lung fibrosis, and lymphocyte
infiltration (17). These effects vary depending on the nicotine injection period. Long-term
nicotine usage activates the first enzyme in catecholamine production, tyrosine hydroxylase, and
interferes with antioxidant defense mechanisms. Additionally, nicotine stimulates the production
and release of hormones like norepinephrine and epinephrine (18). Smoking negatively impacts
pulmonary functions, leading to obstructive and restrictive respiratory issues. Postoperatively,
smokers experience a decline in blood gas measures and a higher incidence of pulmonary
problems (19). Smoking during pregnancy can lead to poor perinatal outcomes (20). The
production of hydroxyl radicals by bound tar radicals can damage DNA. However, the diversity
of test variations makes it difficult to widely accept MDA as a biomarker for oxidative damage
to lipids. Nicotine also increases serum pro-inflammatory cytokines like IL-6 and MDA in rats
(21). Thus, the objective of the current investigation was to assess, through the use of one
respiratory system-related metric, the optimal dose of STS that can modify the oxidative stress
brought on by nicotine in the lung.

2. Materials and Methods

2.1. Animals and experimental design

Thirty-six male Wister rats (Rattus norvegicus) and weighing 190-220 g., 3-3.5-month-old, were
used in the current study. Animals were kept in cages with a 12-hour light/dark cycle at 22—
25°C. Animals had full access to water and pellets throughout the study period. Rats were
randomly assigned into six equal groups (6 rat per treatment) and experimented for up to 28 days
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after acclimatization for 15 days. The rats in the control group received i.e. injections of normal
saline 0.1 mI/100 gm b.wt. once daily for 28 days; those in the test groups (G) 1, 2, 3, 4, and 5
received 1.5 mg/kg b.wt. i.p./day injections of nicotine (Nicotine 72290 >97%, KP 243-2480,
Liquid 162.24 Switzerland), then, after an hour, they received i.p. injections of STS (20268 K05
purity 99.50, SDFCL, SD Fine Chemical Limited, Mumbai, India) doses 150, 250, 350, 450, and
550 mg/kg b.wt, respectively, also for 28 days. Blood samples were collected at 14 and 28 days
to quantify the serum malondialdehyde (MDA) content using a modified method. As shown by
(23). The MDA assay kit was obtained from Solarbio Life Science. Operation Equipment:
Spectrophotometer.

2.2. Determination procedure

1. Preheat the spectrophotometer for more than 30 minutes, set zero with distilled water.

2. Add reagents in Table 1:

Table 1. The reagents used.

Reagent (nL) Test tube (T) Blank tube (B)
MDA working reagent 600 600

Sample 200 -

Distilled water - 200

Reagent IlI 200 200

The mixture was incubated at 100 °C for 60 minutes (tightly closed to prevent moisture l0ss)
before cooling in an ice bath. Centrifuge at 10000 g for 10 minutes at room temperature to
remove insoluble materials. Take 200 L of supernatant in a 1 mL glass cuvette and measure the
absorbance at 450 nm, 532 nm, and 600 nm. A450 =A450(T)-A450(B), A532 =A532(T)-
A532(B), A600 =A600(T)-A600(B).

2.3. Calculation

A (nmol/mL)= (6.45)(A532 -A600)-1.29A450)VrvVs = 5(6.45)(A532 -A600)-1.29A450).
Arterial blood samples were collected from rats in tubes specific for blood gas analysis (ABG).
The blood partial pressure of oxygen (PO2) was calculated using the OPTI CCA-TS> blood gas
and electrolyte analyzer (OPTI Medical SN.OP6-005567 USA). Two times of blood sample
collection were enough for the determination of the STS effective dose.

2.4. Method of estimating effective dose of sodium thiosulfate

The isolate with the maximum melanin production underwent the following procedures
according to (8) to extract and purify melanin.

2.5. Physico-chemical characterization of partially purified melanin pigment

Probit analysis is a method of analyzing the relationship between a dose and a response. Groups
of animals are given different doses of a drug. The percent response at each dose level is
recorded. These data may then be analyzed using Probit Analysis. The Probit Model assumes
that the percent response is related to the log dose as the cumulative normal distribution. That is,
the log doses should be used as variables to read the percent response from the cumulative
normal, using the normal distribution rather than other probability distributions. Hence, the
comparison of different drugs is done using response rates of fifty percent. The ED (effective
dose) is expressed mathematically by equation (1):

Y=mX+Db (1)
where m is the slope and b is the intercept of the y-axis.
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2.6. Statistical analysis

The data (mean=SE) obtained were assessed using two-way analysis of variance (ANOVA) in
SPSS (Version 22). To ascertain the level of significance between the various data at the level of
p<0.05, the LSD test was employed (24).

2.7. Clinical signs

A few minutes after nicotine injection, signs of lack of nervous and muscular coordination were
noticed. Signs became more clear after a few minutes of nicotine ip injection, including
aggressiveness, convulsions, and severe muscular spasms, particularly in the abdominal muscles,
as well as the tail, neck, and head flaring upwards.

3. Results and Discussion

Results showed a significant (P<0.05) decrease in blood PO: for all treated groups as
compared with control group Figure 1-B. Current results showed a significant (P<0.05) increase
in this parameter for the G1 group that receives a lower dose of STS with 1.5 mg/kg of nicotine
as compared with control, G2, G3, G4, and G5. It was also noticed that there was a gradual,
significant increase in oxygen level in the blood simultaneously with the increase of STS as an
antioxidant dose for day 14. Whereas the results of day 28 showed a significant (P<0.05)
decrease in the G1 group as compared with all other groups, while there were no significant
(P>0.05) differences between the C and G5 groups, and there was a significant (P< 0.05)
increase in these groups as compared with other groups for the same period. As a comparison
within groups in day 14 and day 28, results showed that there was a significant (P <0.05)
increase in G3, G4, and G5 groups for day 28 as compared with groups in 14 days, while the
control group showed no significant (P>0.05) differences between the two periods, and the G1,
G2 groups showed a significant (P<0.05) decrease in day 28 as compared with day 14. Results
indicate that PO level increased gradually with an increase STS dose. These results showed that
the effect of stress induced by nicotine was gradually modulated by the successive doses of
sodium thiosulfate and was more effective in 28 days than its effect after 14 days. Results
showed a significant (P<0.05) decrease in blood PO for all treated groups as compared with
control group Figure 1-B, current results showed a significant (P<0.05) increase in this
parameter for G1 group that receive lower dose of STS with 1.5 mg/kg of nicotine as compared
with control, G2, G3 G4 and G5 it was also noticed that there was a gradual significant increase
in oxygen level in blood simultaneously with the increase of STS as an antioxidant dose for day
14. whereas the results of day 28 showing a significant (P<0.05) decrease in G1 group as
compared with all other groups while there was no significant(P>0.05) differences between C
and G5 groups and there was a significant (P<0.05) increase of these groups as compared with
other groups for the same period. as a comparison within groups in day 14 and day 28, results
showed that there was a significant (P<0.05) increase in G3, G4, G5 groups for day 28 as
compared with groups in 14 day while control group which showed no significant (P>0.05)
differences between the two periods and G1, G2 groups were showed a significant (P<0.05)
decrease in day 28 as compared with day 14. Results indicate that PO level increased gradually
with increase STS dose. These results showed that the effect of stress induced by nicotine was
gradually modulated by the successive doses of sodium thiosulfate was more effective in 28 days
than its effect after 14 days.
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Figure 1. Effect of successive doses of STSon (A) serum malondialdehyde MDA and (B) blood PO2 concentrations
in adult male rats with nicotine after 14, 28 days. C=control group were injected with normal saline. G1= Treatment
group were injected ip with nicotine 1.5 mg /kg b.wt.+ ip injected with 150 mg/kg b.wt of sodium thiosulfate . G2 =
Treatment group was injected ip with nicotine 1.5 mg /kg b.wt+ ip injected with 250 mg/kg b.wt.W of sodium
thiosulfate . G3= Treatment group were injected ip with nicotine 1.5 mg /kg b.wt+ ip injected with 350 mg/kg b.wt
of sodium thiosulfate. G4= Treatment group were injected ip with nicotine 1.5 mg /kg b.wt+ ip injected with 450
mg/kg b.wt of sodium thiosulfate .G5= Treatment group were injected ip with nicotine 1.5 mg /kg b.wt+ ip injected
with 550 mg/kg b.w of sodium thiosulfate. Significant differences between groups are indicated by different letters.
The results presented as the mean = SE; N = 6 rats; (P < 0.05)

3.1. Determination of the effective dose of sodium thiosulfate

Depending on the results shown in Figures 1A and 1B, a maximally significant change
(suppression or elevation) in the parameters was recorded after four weeks of sodium thiosulfate
treatment. Accordingly, obtained results at week four were used to estimate the ED of STS,
where serum concentrations of MDA and blood PO, were used as response parameters. A
positive linear relationship was observed between successive doses of sodium thiosulfate and
serum MDA concentration (Figure 2A) from the equation of the straight line. The ED of STS
caused a marked decrease (P<0.05) in MDA concentration. Whereas, Figure 2B showed
negative relationships between blood PO concentration and five successive doses of sodium
thiosulfate. ED of STS caused marked increases (P < 0.05) in blood PO2 concentration. The
coefficients of determination were equal to 0.9803 and 0.9813 for MDA and POg, respectively.
From the equation, the estimated ED of sodium thiosulfate that causes a marked depression in
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serum MDA and an elevation in blood PO2 concentrations was found to be equal to 450 mg/kg
B.W.

y=61.597x-75.73
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Figure 2. The impact of various STS dosages on adult male rats' (n = 6) blood PO and serum MDA concentrations
after 28 days.

Results of the present experiment showed that sodium thiosulfate acts as an antioxidant against
the i.p. injection of nicotine (1.5 mg/kg b.w.) to induce oxidative stress in adult male rats. A
decrease in serum MDA concentration characterized the results with an increased dose of sodium
thiosulfate. Nicotine is the primary alkaloid in tobacco and a highly addictive chemical found in
cigarettes. Nicotine has been linked to an increased risk of liver failure, cardiovascular disease,
type 2 diabetes, pulmonary problems, various malignancies, and infertility. Furthermore, it is
easily absorbed through the skin and respiratory tract. Nicotine can also reach bloodstream peak
levels. Notably, the cytochrome P450 2A6 (CYP2A6) enzyme in the human liver plays a critical
role in nicotine metabolism, converting nearly 80% of the absorbed nicotine into cotinine. (25).
Additionally, many studies reported that nicotine reduced the level of antioxidants superoxide
dismutase (SOD) and glutathione (GSH) in rat lung tissue (26, 27, 28).. Current results revealed
a significant increase in blood PO, with increasing the dose of STS, indicating its role in
alleviating the harmful effects of nicotine. Other studies have shown that HS is a key signaling
molecule produced in low levels by mammalian cells (29). It has a variety of effects on various
body organ systems, such as the nervous system (both central and peripheral), cardiovascular,
gastrointestinal, and respiratory systems, and has the capacity to control cellular metabolism.
Also, liposomal encapsulated STS improved mitochondrial metabolism profile, capillary tube
production, and wound healing (30). Endogenous hydrogen sulfide (H2S) in mitochondria
produces a metabolite called thiosulfate; it has been employed as an antioxidant to eliminate
ROS, diminish them, and stimulate gene expression of antioxidant enzymes. The
cardioprotective advantages of STS against reperfusion injury (IR) to the heart and congestive
heart failure (CHF) are also thought to include vasodilatory, antiapoptotic, and anti-inflammatory
actions by keeping the mitochondria active, which interacts with caspase enzymes, scavenges
free radicals, chelates calcium ions, and increases ventricular H>S production (6). Subsequent
lipid peroxidation may be related to lung disease. Considering that the level of MDA in the study
of lung cancer patients is significantly higher (31),. Other studies demonstrated the use of
various doses of STS and evaluated the safety and tolerability of the H>S donation sodium
thiosulfate (STS) in patients with acute coronary syndrome (ACS). Patients undergoing coronary
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angiography for ACS were given STS via an intravenous soon after arrival at the catheterizing
laboratory with fixed dosage endpoints (0, 2.5, 5, 10, 12.5, and 15 grams) (32). Other studies'
results have been obtained using intravenous STS. It has also been applied directly to cutaneous
lesions in doses of 250 mg/mL, with the lesions clearing up after 6 weeks. These treatments'
success is thought to be multifaceted. STS is well-known for its anti-calcification, vasodilatory,
and antioxidant effects (33). The doses of STS in this study were adopted taking into
consideration the lower and upper limits of the doses used in other studies, and they are within
the permissible limits and do not conflict with doses in other studies. Doses in other studies were
varied from one another; the aim of the present study was to determine the effective dose of STS
as an ameliorating antioxidant that can reduce the harmful effect of nicotine on the respiratory
system by measuring PO in blood and serum MDA.

4. Conclusion

The current study's findings show that different doses of sodium thiosulfate can
significantly reduce the harmful effects of nicotine exposure by reducing the formation of
oxidative stress and reducing the detrimental effects on respiratory functions, which are
characterized by an increase in blood oxygen levels PO,. The effective dose of STS was
estimated to be 450 mg/kg b.w. based on concentrations of various indicators, including MDA
and PO, measured across 14 and 28 days.
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