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 Abstract 
Active pharmaceutical ingredients (APIs) are vital to the drug development 
process. APIs can be authorized for use in pharmaceuticals, opening the door 
to novel treatments, after undergoing extensive testing to guarantee their 
safety and effectiveness. OECD 402 and 420 criteria were followed while 
evaluating the acute oral and dermal toxicity of a composite hydrogel made 
from acrylamide and Salvia spinosa seed mucilage. Four different groups of 
rats were used as experimental animals. Animals in categories B, C, and D 
received one dose of composite hydrogel, while animals in category A served 
as controls and received no treatment. All of the animals remained alive 
during the 14-day toxicity research period, and no notable negative effects 
were seen in the animals. The blood analysis and biochemical test were 
carried out after 14 days. Together, the results demonstrate that the produced 
composite hydrogel is a safe substance that shows promise as a non-toxic 
excipient in drug delivery systems. 
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1. Introduction 
Natural polysaccharides are the ideal polymer for 
the creation of DDSs due to their high swelling, 
prolonged drug release capabilities, non-toxicity, 
biodegradability, and biocompatibility [1-9]. 
Furthermore, the properties of natural 
polysaccharides can be enhanced by chemical 
modifications such as crosslinking, acetylation, 
and polymerization, making them appropriate 
materials for cutting-edge applications. These 
changes make it possible to create smart materials 
that react to temperature, pH, ethanol, salt, and 
other stimuli. On the other hand, graft 
copolymerization with acidic monomer produces 
materials that are highly swellable and 
appropriate for applications requiring sustained 

release [10-27]. In order to evaluate the potential 
of naturally occurring polysaccharides and their 
modified forms as safe DDSs, toxicity studies 
have recently been carried out on them.  
Previous studies have shown that the mucilage of 
S. spinosa. Here, we sought to investigate the 
safety evaluations of a composite hydrogel made 
of methacrylic acid and mucilage from M. puidca 
seeds. The goal of the study is to ascertain the 
composite hydrogel's acute toxicity and irritant 
characteristics in order to pave the road for its 
possible biomedical usage.Acute toxicity 
evaluations will be evaluated in accordance with 
OECD criteria 420 and 402 [28, 29]. The 
objective is to investigate the different 
hematological and biochemical parameters. 
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Additionally, acute dermal toxicity studies and 
the ocular irritation test will be carried out to 
identify any irritation on the skin or eyes. 
 
2. Methodology 
2.1. Materials 
S. spinosa seeds were purchased from the 
Sargodha district of Pakistan's public market and 
thoroughly cleaned to guarantee their purity 
before being used. Acrylamide (AAm), N, N'-
methylene-bis-acrylamide (MBA), potassium 
persulfate (KPS), and solvents such ethanol and 
n-hexane were among the reagents employed in 
this study. The solution or dispersion was created 
using distilled water (DW). 
 
2.2. Mucilage Extraction and Composite 
Hydrogel Synthesis 
Mucilage from S. spinosa seeds was extracted using 
the previously described method [5] and treated 
with acrylamide using the method described by 
Ali et al. [4] to create composite hydrogel. 
 
2.3. Acute Toxicity Testing 
Evaluations of the composite hydrogel's acute 
oral toxicity were carried out in accordance with 
OECD guidelines and protocol, respectively [28, 
29]. Accurate testing was performed in 
compliance with Good Laboratory Practices 
(GLP). The Superior University Sargodha, 
Pakistan Animal Ethics Committee gave its 
approval to the study. A single dose of the 
composite hydrogel (0.05, 0.3, and 2 g/kg of 
bodyweight) was administered to animal models 
in groups B through D, whereas animals in group 
A were left untreated and marked as the control 
group. For 12 hours before to composite 
hydrogel dose, none of the animals were 
permitted to eat. Following a one-hour research 
period, food and water were given to the animals 
in each group, and they were monitored regularly 
for 14 days. 
 
2.4. Mortality and Physical Observation 
After administering composite hydrogel to the 
animals, a 14-day observation period was used to 
track any adverse events, such as salivation, 

diarrhea, tremors, allergic symptoms, convulsions, 
and behavioral changes, as well as to document 
any mortality. Additionally, if an animal died 
during the study period, it was noted in every 
group. 
 
2.5. Assessment of Bodyweight, Food, and 
Water Intake 
Composite hydrogel toxicity was evaluated based 
on the animals' overall health, the alternating 
bodyweights of the experimental and control 
animals, and their food consumption habits. 
Thus, for the first three days and then on days 7 
and 14, the body size, hydration intake, and food 
consumption of laboratory animals in both the 
control and experimental groups were measured 
before and after composite hydrogel injection. 
 
2.6. Blood Analysis and Biochemical Testing 
TLC, RBCs, Hb, MCV, thrombocyte count, 
average hemoglobin per red blood cell, and 
biochemical indicators were among the 
hematological parameters for which blood 
samples were analyzed for the study. Animal 
blood samples from the control and treated 
groups were collected on the fifteenth day of the 
trial. Animals were put under anesthesia using 
chloroform. Ethylenediaminetetraacetic acid 
(EDTA)-coated tubes were filled with a blood 
sample drawn from the animals' cervical arteries. 
Blood samples, total white blood cell count, 
erythrocytes, hemoglobin, mean cell volume 
(MCV), platelet count, and average hemoglobin 
content were assessed. On the other hand, the 
blood serum was examined for urea, blood 
cholesterol, uric acid, blood creatinine, 
triglycerides, alanine transaminase, and aspartate 
transaminase. 
 
3. Results and Discussions 
3.1. Physical Condition Evaluation and 
Mortality Rates 
No neurological or gastrointestinal problems, 
such as seizures, regurgitation, hypersalivation, or 
other negative reactions, were observed in the 
animals in the treated groups. Following the 
consumption of composite hydrogel in rats, none 
of the animals displayed any discernible negative 
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effects. According to the study, dosages up to 2 
g/kg of bodyweight did not result in any fatalities. 
According to the globally harmonized system 
(GHS) criteria, substances with LD50 values 
greater than 2 g/kg fall under category 5.The 
composite hydrogel can thus be classified as a 
category 5 material. Furthermore, according to 
the classification, labeling, and packaging (CLP) 
regulation, composite hydrogel is a non-toxic 
material [30]. 
 
3.2. Assessment of Bodyweight and Dietary 
Consumption 
Following the administration of composite 
hydrogel, all animals' food and water intake 
patterns were noted (Tables 1-3). The apparent 
and immediate decrease in body weight is 

indicative of toxicity. The weight of the rats 
decreased during the first three days, but this was 
soon rectified. The weight loss following the 
composite hydrogel dosage may have resulted 
from a decrease in food intake on the first day. 
During the first week, rats gained weight, 
indicating normal growth and physiological 
activities. Furthermore, for the duration of the 
investigation, the difference between the 
comparative control weights and treated samples 
was shown to be statistically insignificant. On day 
1, group C and D of rats showed a slight decrease 
in food consumption (Tables 1-3), most likely as a 
result of feeling fuller after receiving a greater 
dose of composite hydrogel. By the end of days 7 
and 14, the consumption of food and drink had 
returned to normal. 

 
Table 1: Bodyweight (g) of the treated and control group of rats (mean ± SD) 

Parameters Group “A” Group “B” Group “C” Group “D” 

Pretreatment 187.42±2.42 182.13±4.23 174.17±4.17 192.34 ±4.45 

Day 1 184.34±4.63 182.263±5.54 177.65±3.56 186.55 ±5.56 

Day 2 183.61±2.76 181.32±7.56 173.45±5.45 184.34 ±2.34 

Day 3 183.55±5.48 179.66±4.33 179.34±3.33 187.76 ±7.56 

Day 5 184.34±6.33 182.47±2.23 175.23±5.54 185.56 ±4.76 

Day 7 187.77± 7.85 185.53±6.54 186.76±4.25 191.45 ±3.91 

Day 14 196.59±4.47 193.75±3.12 183.46±6.76 189.55 ±6.34 

 
Table 2: Mean values of water consumption (mL) of control and treated groups of rats 

Parameters Group “A” Group “B” Group “C” Group “D” 

Water consumption     

Pretreatment 
6.43±1.36 5.45±1.34 5.34±1.23 6.55±1.34 

Day 1 
5.23±1.43 5.76±1.65 4.31±1.54 5.45±1.65 
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Day 2 
5.65±1.53 6.34±1.45 4.32±1.66 6.76±1.71 

Day 3 
4.45±1.55 6.56±1.67 5.56±1.27 5.34±1.13 

Day 7 
5.76±1.67 5.66±1.45 6.43±1.65 6.65±1.43 

Day 14 
6.45±1.34 6.76±1.55 5.56±1.45 7.71±1.55 

 
Table 3: Mean values of food consumption (mL) of control and treated groups of rats 

Parameters Group “A” Group “B” Group “C” Group “D” 

Food consumption     

Pretreatment 
7.43±1.23 8.54±1.41 7.34±1.13 8.54±1.41 

Day 1 
7.14±1.24 7.34±1.45 8.76±1.54 7.23±1.45 

Day 2 
8.±76.41 6.76±1.65 7.33±1.34 8.44±1.67 

Day 3 
7.22±1.45 7.31±1.67 6.56±1.21 8.34±1.42 

Day 7 
8.45±1.65 7.37±1.72 7.56±1.54 7.65±1.51 

Day 14 
7.34±1.67 8.24±1.89 8.71±1.65 8.76±1.53 

 
3.3. Hematology and Biochemical Analysis 
The complete blood count (CBC) can be altered 
by drugs that impact the bone marrow, which is 
responsible for producing the blood cells. Serum 
enzyme like ALT, ALP, and total bilirubin are 
other critical health indicators in animals. The 
liver damage produced by hepatoxicity was 
revealed by the change in these enzyme 
biomarker levels. Correspondingly, the kidney 
functions can be measured by blood urea and 
creatinine levels [31]. Thus, animal hematology 
and biochemistry studies were conducted to 
ascertain the harmful impact of composite 
hydrogel on these essential organs. Tables 4 and 

5 tabulate the results of the biochemical analysis 
and hematological. No variations were identified 
in liver enzyme levels, urea levels, and creatinine 
values, acting as confirmation that blood cells, 
liver, and kidneys are not severely affected by 
composite hydrogel. The composite hydrogel is 
recognized as safe and non-toxic, as all parameters 
were normal or comparable to the control group. 
Variations in electrolyte concentrations can result 
in serious health problems, especially 
cardiovascular problems. The electrolyte levels 
were determined to be unchanged from the 
control. Lipid profile values were also observed 
within normal norms. 
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Table 4: Hematological parameters of rats 
Parameters Group “A” Group “B” Group “C” Group “D” 

TLC (µL-1) 8.4 9.4 8.5 8.4 

RBC (µL-1) 7.6 6.5 7.7 6.3 

Hb (g/dL) 17.3 15.2 17.2 16.6 

HCT (PCV) (%) 44.5 45.7 44.4 46.4 

MCV (fL) 79.7 81.3 82.6 78.5 

MCH (pg) 21.2 20.9 21.3 20.9 

MCHC (g/dL) 35.5 33.5 34.7 33.4 

Platelet count (µL-1) 252.4 274.7 287.8 283.6 

Neutrophils (%) 42.23 44.4 39.4 41.3 

Lymphocytes (%) 42.7 43.5 41.9 44.7 

Monocytes (%) 5.9 5.8 5.6 4.5 

Eosinophils (%) 3.5 4.9 5.4 4.9 

 
Table 5: Clinical biochemistry parameters of rats 
Parameters Group “A” Group “B” Group “C” Group “D” 

Lipid Profile     

Cholesterol (mg/dL) 126.4 124.5 122.5 121.4 

Triglyceride (mg/dL) 87.2 97.3 93.3 102.7 

HDL (mg/dL) 43.7 47.7 49.9 44.8 

LDL (mg/dL) 92.5 112.9 105.4 97.5 

VLDL (mg/dL) 16.9 19.5 18.2 15.7 

Liver function test     

Bilirubin (mg/dL) 1.5 0.7 0.8 0.91 

SGPT (ALT) (IU/L) 23.2 25.3 22.6 21.5 

SGOT (AST) (IU/L) 16.6 19.5 22.45 17.7 
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ALP (IU/L) 74.3 82.3 80.7 64.8 

Total protein (g/dL) 9.7 8.7 9.8 9.5 

Albumin (g/dL) 5.3 5.6 6.5 5.7 

Globulin (g/dL) 4.72 4.45 4.45 4.72 

A/G Ratio 3.45 3.76 3.32 3.45 

Renal function test     

Urea (mg/dL) 21.5 24.56 26.6 23.6 

Creatinine (mg/dL) 0.78 0.8 0.7 1.8 

Hematology     

ESR (mm/h) 8.4 7.4 7.9 8.9 

Serum electrolyte     

Potassium (mmol/L) 7.3 6.6 7.1 7.45 

Sodium (mmol/L) 136.6 143.5 150.5 141.6 

Uric acid (mg/dL) 5.5 5.8 5.45 5.7 

 
4. Conclusions 
There were no negative results from the 
composite hydrogel toxicity studies in rats. It is 
determined to be a safe material for contact with 
the skin and eyes. Therefore, the research showed 
that the composite hydrogel may be a good 
option for oral medication delivery. Further 
toxicological evaluations, including cytotoxicity, 
mutagenicity, and chronic toxicity, must be 
conducted in order to examine its overall safety 
behavior. 
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