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The aim of this research was to examine the potential toxic or beneficial impacts of 4,5,6-Trimethoxy-
2,3-diphenyl indole on fingerlings of Labeo rohita when administered in water. The study involved 
four groups of Labeo rohita fish (n = 40) exposed to varying water-borne concentrations (0.00, 32.08, 
48.13 and 96.26 mg/L) of 4,5,6-Trimethoxy-2,3-diphenyl indole over a fourteen day period. The fish 
were maintained under standard living conditions to minimize stress. Histological examination of 
the brain and gills revealed abnormal tissue structure only in the high-concentration group. The 
high-concentration group displayed aneurysms, degenerative changes, blood vessel congestion, 
and structural degeneration in the gills, while the brain exhibited necrosis, pyknosis, hemorrhage, 
degenerative changes and vacuolization. Levels of glutathione (GSH) decreased in both gills and 
brain, malondialdehyde (MDA) increased in gills but decreased in the brain, catalase (CAT) decreased 
in gills but increased in the brain and lipid peroxidase (LPO) significantly increased in both gills and 
brain only in the high-concentration group. Serum proteins (total proteins, albumin, and globulins) 
were significantly reduced in the high concentration group. Overall, the study indicated that at a 
high concentration of 96.26 mg/L through water-borne exposure, 4,5,6-Trimethoxy-2,3-diphenyl 
indole exhibited toxic effects, while at medium and low concentrations, it demonstrated beneficial 
effects. The findings suggest that the compound has more beneficial than toxic effects and could be 
recommended for specific applications to leverage its beneficial properties.
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Indole, a heterocyclic compound, is widely present in nature and has practical applications in medicinal 
chemistry and drug discovery. Indole has been extensively studied for its role as antioxidants, biomolecules and 
signaling molecules1,2. Indole has important biological activities as it is an important molecule in eukaryotic 
systems3,4. It also plays an important role in environmental remediation5–7. Its derivatives such as Indomethacin, 
5-Hydroxyindole, Indomethacin etc. are being synthesized play important role in diverse pharmacological 
activities having therapeutic properties. This compound has less toxicity and side effects8.

Indole derivatives are utilized in the treatment of Alzheimer’s disease and anticancer therapy9–12. In 
aquaculture, indole is employed to manage bacterial diseases like vibriosis13. Indole analogues enhance fish 
growth14. Indole derivatives exhibit outstanding antifouling properties and are employed to hinder the growth of 
marine algae and bacteria15. Indole finds various industrial applications including agrochemicals16, chemicals17, 
perfume and fragrance18, dye and paint production19, electronics and solar cells20, cosmetics (Barden, 2010), 
food industry and biotechnology21.

Indole has various environmental impacts at higher concentrations, including toxicity to aquatic life22, 
bioaccumulation23, and groundwater contamination24, effects on microorganisms25, food contamination26, and 
risks to human health27. This compound affects both water chemistry and aquatic organisms, altering nutrient 
availability, inhibiting plant growth, changing animal behavior, and disrupting the balance of aquatic ecosystems 
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through synergistic effects28–31. Aquatic species face potential toxicity risks from the prevalent compound 
indole present in different marine organisms. Brominated indoles and phenol compounds have been shown to 
interfere with the development of fish embryos22. The environmental implications of using indole derivatives 
for antifouling purposes have sparked concerns, leading to additional research on the possible toxic impacts on 
marine ecosystems29.

Indole exposure can happen through different pathways, including dietary intake and metabolic processing 
in the liver32. Environmental exposure can occur through tobacco carcinogens such as cigarette smoking33. 
Brominated indole, an indole derivative has been found in water and sediments from the German Bight34. 
Brominated indole derivatives can cause malformations like spine deformation, low heartbeat, coagulation, 
incomplete eye development and yolk sac edema22.

Indole derivatives induce hemato-biochemical, hormonal, and histopathological changes35. Considering the 
pharmacological and industrial applications of our synthesized indoles, it was necessary to assess their toxicity in 
fish before their practical applications. Our team has successfully synthesized and reported on the 2,3-diphenyl 
indole heterocycle, including 4,5,6-Trimethoxy-2,3-diphenyl indole and its derivatives. These compounds have 
demonstrated antioxidant, anticholinesterase and antimicrobial activities36–39. In our current research, we 
are investigating the toxicity induced by 4,5,6-Trimethoxy-2,3-diphenyl indole in Labeo rohita fish while also 
considering its safe limits where it becomes an active agent for its application.

Materials and methods
Chemicals
All the necessary analytical-grade reagents and chemicals were obtained from Arshman Scientific Technical 
Company in Lahore, Pakistan. The synthesis of 4,5,6-Trimethoxy-2,3-diphenyl indole (TMDPI) was carried out 
using the Bischler Indole Synthesis method, as previously reported by Rubab et al.40. Infrared spectra (IR) in KBr 
discs were recorded using a Prestige 21 instrument (Shimadzu, Japan). X-ray diffraction data for TMDPI have 
been deposited with the Cambridge Crystallographic Data Centre under publication number CCDC 1,526,270. 
X-ray diffraction data were collected at the Department of Physics, University of Sargodha, Pakistan.

Synthesis of TMDPI
A mixture of benzoin (39.1 mmol, 8.31 g) and 4,5,6-Trimethoxyaniline (10 mmol, 0.93 g) was heated at 120 °C 
for 2.5 h. After cooling, glacial acetic acid (25 g, 32 eq, 23.8 mL, 0.417 mol) was added to the brown mixture. 
Aniline (13 mmol, 1.19 mL, 1 eq) was then added, and the mixture, was heated at 130 °C for 6 h. Upon cooling 
to room temperature, white precipitates formed. The precipitates were filtered and washed with methanol. The 
final product, 4,5,6-Trimethoxy-2,3-diphenyl indole, was obtained in a yield of 63%. The product has a retention 
factor (Rf) of 0.25 in a mixture of n-hexane and ethyl acetate (7:1). The melting point of the product was 219–
220 °C36.

The UV log ε value is 2.8, and the λmax is observed at 318 nm. In the IR spectrum (υ´max, KBr), a peak is seen 
at 3363 cm− 1 corresponding to the N–H bond. The 1H NMR spectrum was recorded at 300 MHz in ppm units, 
showing a multiplet for two Phenyl groups at 7.23–7.48 (10 H) and a singlet for the N–H proton at 8.12. The 
H7 proton appears as a singlet at 6.78, and the OMe groups give 3 H singlets at 3.36, 3.72, and 3.87 for C4, C5, 
and C6, respectively. The LR-EIMS data (m/z in amu units) shows the M+• peak at 359 with 100% abundance36.

Experimental animals
The experimental animals used in this research were Labeo rohita, a common Indian carp often utilized in 
toxicological studies due to its widespread distribution, sensitivity to pollutants, and easy availability. These 
animals were sourced from the Government Fish Seed Hatchery in Chashma, Mianwali, Punjab, Pakistan. They 
were transported to the Department of Zoology, laboratory at the University of Education Lahore, Jauharabad 
Campus) with careful consideration for their well-being. This included using air-filled and airtight plastic bags, 
filling the bags with pond water for acclimatization, maintaining optimal temperature, handling them with care, 
transporting them in a comfortable vehicle, and avoiding overcrowding in the plastic bags.

Experimental setup
The aquariums were setup at proper place of experimentation, washed and cleaned, installed aeration system, 
filled with useable tap water, monitor water quality parameters and control the variables such as light, temperature 
and their feeding schedules. The fish were acclimatized for 7 days prior to the experiment, and feed was provided 
twice daily.

Experimental design
The LC50 of indole was determined by splitting 60 fish into six groups and exposing them to various indole 
concentrations (0, 300, 600, 900, 1200, and 1500 mg/L) for 96 h. The LC50 was calculated as 962.63 mg/L after 
applying Probit analysis. This value was then used to establish three sub lethal concentrations, corresponding to 
one-tenth, one-twentieth, and one-thirtieth of the LC50.

The experimental design was completely randomized and fish were divided into four groups (n = 40; 10 
in each group) in aquarium having dimension as 60 × 30 × 30 cm (L x W x H) having 60 L of water capacity. 
The average weight of each animal was 22.34 gram. Group A was control group and served as baseline for 
comparisons, Group B was exposed to low concentration of indole (33.08  mg/L), Group C was exposed to 
medium concentration (48.13 mg/L) of indole and Group D was exposed to high concentration (96.26 mg/L) 
of indole.
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Concentration preparation
A stock solution was prepared by combining 10 mL of water in a falcon tube, with indole, and then using a 
sonicator (Model: S-DS-6 Stalwart) set to run for 2 h at a frequency of 50 HZ and voltage of 230. This process 
ensured even distribution in the experimental tanks by creating a uniform solution. The stock solution was then 
diluted to create four different experimental concentrations (low, medium and high) which were added to the 
experimental tanks. This same procedure was repeated on every other day for redosing, with half of the tanks 
water being changed, over a period for 14 days.

Animals feeding protocol
The animals were fed once a day with a diet consisting of 4% of their body weight and 30% protein to ensure their 
health, despite the challenges caused by indole. The diet given was a commercial diet, one containing standard 
protein levels in the form of small floating pellets to fulfill their nutritional requirements.

Monitoring
Animals were monitored for the signs of bottom or surface running, stress, gasping, breathing difficulty, illness, 
restlessness and change in diet intake. Water quality was also regularly checked and maintained standard 
parameters for producing good survival conditions.

Water quality
The experiment involved monitoring and ensuring the quality of water. The levels of dissolved oxygen were 
measured at 4.82 ± 0.19 (ppm), pH at 7.17 ± 0.01, temperature at 22.68 ± 0.39 (°C), salinity at 0.4 ± 0.01 (ppt), and 
total dissolved solids at 450.08 ± 7.57 (mg/L).

Animal sacrifice and dissection protocol
Animals from each group were captured and desensitized in a separate beaker with clove oil (2 to 3 medium 
drops in 1 L of water) as anesthesia and left for 2 to 3 min to ensure their full sedation41 in accordance with 
the ARRIVE guidelines. They were sacrificed according to the standard ethic guidelines followed by cervical 
dislocation. The animals were humanly dissected to remove target organs (Brain and gills). Dissection was 
performed by the research students after proper training using the simple dissection box42. The brain and gills 
were preserved in 10% formalin solution with normal saline for histological procedure.

Blood collection and processing protocol
Blood was collected from the caudal vein of the fish by using the syringe and stored in eppendorf tube labeled 
with sample ID, centrifuged for 4000 rpm for 10 min and clear serum was collected from the upper of eppendorf 
tube and stored in -20 °C for the creatinine, urea, albumin, globulin.

Oxidative stress
Estimation of lipid peroxidation (LPO)
LPO was determined using the methodology described by Jiang et al. (1992)43. The tissue homogenate was mixed 
with FOX reagent and incubated at 37 °C for thirty minutes. The spectrophotometer measured the samples at a 
wavelength of 560 nm. The tissue LPO measurement was expressed as mM/g tissue weight.

Estimation of malondialdehyde
Malondialdehyde (MDA) was measured following the method outlined by Ohkawa et al. (1979)44. The tissue 
homogenate was analyzed using an acetic acid mixture containing sodium dodecyl sulfate and distilled water, 
heated at 95 °C for one hour. The spectrophotometer measured the readings at a wavelength of 532 nm. The 
MDA measurement was reported as nm/g tissue.

Estimation of catalase
Catalase estimation was conducted according to the protocol by Aebi45. The tissue homogenate was mixed with 
phosphate buffer and hydrogen peroxide. The spectrophotometer measured the readings at a wavelength of 
240 nm to determine the Units per mL activity of Catalase.

Estimation of glutathione
The tissue homogenate was mixed with trichloroacetic acid, and the supernatant was collected after centrifugation. 
The supernatant was then treated with DTNP (Ellman’s reagent) and Tris-EDTA buffer. The spectrophotometer 
measured the readings at a wavelength of 412 nm. The measurement of GSH quantity was reported as µM/g of 
tissue following the method by Sedlak and Lindsay (1968)46.

Statistical analysis
The data were analyzed using SPSS version 20. Means and standard errors were calculated using descriptive 
statistics, and differences between groups were reported using Tukey’s test.

Results
Our study showed that low and medium concentrations of indole did not have any effect on brain, but a high 
concentration resulted in damaging effects. In this research, 4,5,6-Trimethoxy-2,3-diphenyl indole was found 
to induce necrosis, pyknosis, hemorrhage, degenerative changes, and vacuolization in brain tissues. In the gills, 
aneurysms, degenerative changes, blood vessel congestion, and structural degradation were observed in the 
similar trend as in brain (Figs. 1 and 2; Table 1).
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The levels of Glutathione (µM/g) in gills were not significantly different in groups B and C (33.08 and 
48.13  mg/L), but there was a significant decrease in group D (96.26  mg/L). Malondialdehyde (nM/g) levels 
were also not significantly changed in groups B and C, but there was a significant increase in group D. Catalase 
(Unit/ml) levels were not significantly different in groups B and C, but there was a significant decrease in group 
D. Lipid Peroxidase (mm/100 g) levels were also not significantly different in groups B and C, but there was an 
increase in group D. These values were compared to the control group A.

Similarly, the levels of brain Glutathione (µM/g) were not significantly different in groups B and C, but there 
was a significant decrease in group D. Malondialdehyde (nM/g) and Lipid Peroxidase (mm/100 g) levels were 
also not significantly different in groups B and C, but there was a significant decrease in group D. Catalase (Unit/
mL) levels were significantly increased in group D but remained unchanged in groups B and C. All comparisons 
were made with the control group (Tables 2 and 3).

In the current study, total proteins (gm/dL) and globulin (gm/dL) levels were unchanged in groups B and C 
but significantly reduced in group D. Albumin levels remained unchanged in groups B, C, and D compared to 
the control group A (Table 4).

Discussion
Indole heterocycle has a wide range of applications and benefits47 highlighted its therapeutic effects against 
arthritis while Zhang et al.48 found that indole-3-propionic acid is beneficial for metabolic diseases. Studies 
by Ahmad et al.,49, Biswal et al.50, Tomberlin et al.30, Carroll & McEwen51, Williams52, and Amarakoon et al.,53 
also support the positive effects of indole. However, indole and its derivatives have been shown to be toxic to 
various fish species, such as zebrafish22. Heterocycles, including indole are considered aquatic pollutants that 
pose risks to human and aquatic life54. Studies have demonstrated hemotoxic effects on fish liver cell lines55 
and embryotoxic effects of NSO-heterocyclic compounds in zebrafish embryos56. These toxic effects include, 
cardiotoxicity57, developmental toxicity58 and hepatotoxicity59. Indole has also been linked to oxidative stress, 

Fig. 1.  Brain of fish (400X) Labeo rohita exposed to varying concentrations of 4,5,6-Trimethoxy-2,3-diphenyl 
indole. (A) Control fish brain displaying normal histoarchitecture. (B) Fish exposed to low and medium 
concentrations of 4,5,6-Trimethoxy-2,3-diphenyl indole exhibit histoarchitecture similar to normal. (C,D) 
Moderate complications observed in fish exposed to a high concentration of 4,5,6-Trimethoxy-2,3-diphenyl 
indole, including necrosis (brown arrow), pyknosis (green arrow), hemorrhage (black arrow), degenerative 
changes (dark blue arrow), and vacuolization (yellow arrow).
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immune imbalances and inflammation. The toxicity of indole varies based on factors such as exposure duration, 
concentration, and fish species. Other studies have reported both acute and chronic effects of indole on fish, 
which can be influenced by pH and temperature. High concentrations of indole can lead to complications in fish.

In this study, the synthesis involved using commercially available trimethoxyaniline and benzoin to produce 
4,5,6-Trimethoxy-2,3-diphenyl-(1  H)-indole through Bischler indole synthesis. The synthesized indole was 

Brain Group A-C Group D

Necrosis

No significant abnormalities

++

Pyknosis ++

Hemorrhage ++

Degenerative changes ++

Vacuolization ++

Gills

Aneurysms ++

Degenerative changes, ++

Congestion of blood vessels ++

Structural degeneration ++

Table 1.  Indexing histological abnormalities in Labeo rohita (Rohu) administrated with different 
concentration of 4,5,6-Trimethoxy-2,3-diphenyl indole. Scale of Indexing abnormalities, Mild (+), Moderate 
(++), Severe (+++).

 

Fig. 2.  Gills of Labeo rohita (Rohu) (100X) exposed to different concentrations of 4,5,6-Trimethoxy-2,3-
diphenyl indole. (A) Control fish gills exhibit normal histoarchitecture. (B) Fish exposed to low and medium 
concentrations of 4,5,6-Trimethoxy-2,3-diphenyl indole show histoarchitecture similar to normal. (C,D) 
Moderate complications are observed in fish exposed to a high concentration of 4,5,6-Trimethoxy-2,3-diphenyl 
indole, including aneurysms (blue arrow), degenerative changes (yellow arrow), congestion of blood vessels 
(orange arrow), and structural degeneration (green arrow).
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characterized using various spectroscopic techniques. UV spectroscopy revealed a λmax value of 318  nm for 
the indole ring, indicating a bathochromic shift compared to the starting materials. The IR spectrum showed 
an absorption peak at 3363 cm− 1 attributed to N–H stretching vibrations. The 1 H NMR spectrum displayed a 
singlet at 8.12 ppm for the N-H proton. Multiplet peaks in the range of 7.23 to 7.48 ppm indicated the presence 
of 10 protons from the two phenyl rings. The aromatic proton H7 appeared as a singlet at 6.79 ppm. The three 
-OCH3 substituents were observed at 3.87 ppm, 3.73 ppm, and 3.35 ppm36 (Fig. 3).

The 13C NMR spectrum of TMDPI revealed three triplet carbons at 56.3 ppm, 60.9 ppm, and 61.2 ppm 
corresponding to three OCH3 groups. A doublet at 90.7 ppm (C7), singlets at 113.5 ppm (C3) and 115.8 ppm 
(C3a), and doublets in the aromatic region at 126.4 ppm, 127.2 ppm, 127.9 ppm, 128.0 ppm, 128.7 ppm, and 
131.3 ppm were observed, indicating phenyl ring carbons (C2, C3, C2’, and C3’). Additionally, signals at 132.9 
ppm (C1) and 133.0 ppm (C1’) were detected. Singlets at 133.4 ppm and 136.6 ppm corresponded to C2 and 
C7a, while peaks at 136.8 ppm (C4), 146.7 ppm (C5), and 151.0 ppm (C6) were also observed. In the LR-EIMS 
spectrum, a prominent molecular ion peak at m/z 359 [M]+• with 100% relative intensity was detected, indicating 
a stable molecular structure with minimal fragmentation36.

The structure of 4,5,6-Trimethoxy-2,3-diphenyl-(1 H)-indole (TMDPI) was determined and verified by XRD 
(CCDC 1526270) as shown in Fig. 4.

In recent studies recent studies, it was found that 4,5,6-Trimethoxy-2,3-diphenyl indole caused necrosis, 
pyknosis, hemorrhage, degenerative changes and vacuolization in brain tissues. Indole has both positive and 
negative effects, with the positive effects being more prominent. Yilmaz and Celik60 discovered that Indole-
3-butyric acid is neurotoxic following sub-acute and subchronic exposure in rats. Another study indicated 
that indoxyl sulfate is harmful to the brain and other organs61,62 Additional research has highlighted the 
neurotoxicity of indole compounds entering the brain63. Furukawa et al.,64 previously reported that Indole-
3-acetic acid leads to microencephaly in rat fetuses, with histological changes showing apoptotic cells in the 
neuroepithelium, neuroepithelium enlargement, and increased cell packing density. Indole has also been linked 
to induce anxiety, emotional distress and depression like behaviors31,61 reported similar behaviors in rats where 
gut microbiota-produced indole negatively affected behavior. Indole and its derivatives have demonstrated more 
protective effects on the brain than toxicity, safeguarding neurotransmitters pathways and their interections 
with receptors65,66. Moura et al.67 investigated that Indole-3-Acetonitrile interacts with neuroblastoma cells 
to provide protection. Indole was found to modulate brain function through intricate mechanisms68. The gut 
microbiota produces indoles in the intestine, which have been shown to enhance brain health61. Some indoles 
produced in the intestine were found to induce negative emotional behavior in rats31. Indole has also been 
recognized for its anti-inflammatory properties regulating apoptosis and oxidative stress in brain tissues69. Some 

Days/parameters

Groups

Group A Group B Group C Group D

Total proteins (gm/dL) 2.91 ± 0.03a 2.89 ± 0.04a 2.82 ± 0.01b 2.81 ± 0.02b

Albumin (gm/dL) 2.02 ± 0.02a 2.01 ± 0.03a 2.01 ± 0.03a 1.99 ± 0.04a

Globulin (gm/dL) 0.92 ± 0.04a 0.88 ± 0.05a 0.81 ± 0.04b 0.80 ± 0.04b

Table 4.  Proteins in serum of Labeo rohita treated with different concentrations of Indole. Different alphabets 
on values are significantly different (P < 0.05).

 

Days/parameters

Groups

Group A Group B Group C Group D

Glutathione (µM/g) 121.38 ± 0.25a 121.12 ± 0.25a 120.76 ± 0.22a 61.88 ± 0.25b

Malondialdehyde (nM/g) 15.46 ± 0.12a 15.42 ± 0.17a 15.41 ± 0.16a 9.5 ± 0.08b

Catalase (Unit/mL) 123.81 ± 0.31b 123.84 ± 0.22b 123.96 ± 0.26b 131.38 ± 0.48a

Lipid peroxidase (mm/100 g) 40.16 ± 0.31b 40.94 ± 0.37b 41.28 ± 0.08b 96.92 ± 0.46a

Table 3.  Oxidative stress in brain of Labeo rohita treated with different concentrations of Indole. Different 
alphabets on values are significantly different (P < 0.05).

 

Parameters Group A Group B Group C Group D

Glutathione (µM/g) 8.47 ± 0.17a 8.45 ± 0.07a 8.29 ± 0.11a 3.46 ± 0.08b

Malondialdehyde (nM/g) 22.17 ± 0.33b 21.83 ± 0.21b 21.82 ± 0.28b 41.16 ± 0.39a

Catalase (Unit/mL) 18.57 ± 0.15a 18.48 ± 0.19a 18.14 ± 0.04a 13.38 ± 0.09b

Lipid Peroxidase (mm/100 g) 2.72 ± 0.17b 2.68 ± 0.12b 2.62 ± 0.11b 5.54 ± 0.19a

Table 2.  Oxidative stress in gills of Labeo rohita treated with different concentrations of Indole. Different 
alphabets on values are significantly different (P < 0.05).

 

Scientific Reports |        (2025) 15:16206 6| https://doi.org/10.1038/s41598-025-01099-8

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


of the previous studies reported complications in brain functioning, but histological effects on brain tissues 
were not reported before our current investigation. In our current research, it was found that the induction of 
high concentration of our synthesized indole (4,5,6-Trimethoxy-2,3-diphenyl-(1 H)-indole) in fish brains show 
moderate complications that marked this compound as a nontoxic substance that only becomes toxic at very 
high concentration.

In our study, low and medium concentrations of indole (4,5,6-Trimethoxy-2,3-diphenyl-(1 H)-indole) dind 
not affect gills, but at a high concentration, were found to have damaging effects. There were no significant 
reports of indole affecting the gill structure in fish, but other heterocyclic compounds have been found to be 
toxic to fish gills. Stoker et al.,70 reported that organic compounds derived from coal can cause damage to fish 
gills, while Parlak et al.71 found the genotoxic effect of pyridine. Previous studies have not reported indole 
causing damage to fish gills. In fact, indole has been shown to have protective effects against various pollutants 
or toxicants, such as indole-3-carbinol, which protected rainbow trout from aflatoxin B172.

Heterocycles also induce oxidative stress in fish affecting the anti-oxidant defense system. Studies have 
indicated that indole triggers stress response mechanisms, such as quorum quenching enzymes and iron-sulfur 
clusters, which play a role in oxidative stress induction73. Previous studies have reported that contaminants in 
our environment induce oxidative stress in fish, leading to tissue damage in organs such as the brain, liver and 
gills74. In present study the values of Glutathione (µM/g) in gills was non-significant in groups B and C (33.08 
and 48.13 mg/L) but significantly decreased in group D (96.26 mg/L). Malondialdehyde (nM/g) was also not 
significantly altered in B and C but significantly increased in group D. Catalase (Unit/mL) was not significantly 
altered in B and C but significantly decreased in D. Lipid Peroxidase (mm/100 g) was similarly not significantly 
changed in B and C but increased in D. The values of group B, C and D were compared to control group A. 
There are no direct studies showing effects of alterations of Glutathione by indole but exposure to aniline, indole 
can be considered a more complex derivative of aniline, Sharma and Chadha75 gills. Sharma and Chadha75 also 
reported similar for malondialdehyde and catalase.

Similarly in present research brain Glutathione (µM/g) was not significantly altered in groups B and C but 
significantly decreased in group D. Malondialdehyde (nM/g) and Lipid Peroxidase (mm/100 g) were also not 
altered in in group B and C but significantly decreases in group D. Catalase (Unit/mL) was significantly increased 
in group D but remains unaltered in groups B and C. All the comparisons were made with control group.

Glutathione and lipid peroxidase showed similar trends in both gills and brain as glutathione decreased and 
lipid peroxidase decreased significantly in high concentration treated group D. This decrease may be due to 
inhibition of cystine uptake, a precursor for GSH synthesis that leads to decrease in GSH. Another reason may 
be inhibition of glutamate–cysteine ligase (GCL), a rate-limiting enzyme in GSH synthesis leads to decrease 
in GSH. Furthermore generation of reactive oxygen species (ROS) may overwhelm the antioxidant capacity of 
cells, leading to rapid consumption and depletion of GSH. A previous study by Watanabe et al.,76 and Ismail35, 
found that indoxyl sulfate and indole-3-acetic acid alter glutathione levels and damage hippocampal cell. Ma et 
al.77 found that indoxacarb, having indole-like benzofused heterocyclic component, exposure led to changes in 
glutathione metabolism in adult zebrafish livers.

Fig. 3.  Proton NMR of TMDPI.
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Malondialdehyde and catalase showed contradicted results for both brain and gills. In gills malondialdehyde 
showed increasing trend may be due to ROS that damage cellular lipids and in brain this showed decreasing 
trend may be due to aldehyde dehydrogenase (ALDH) activity can metabolize MDA, reducing its accumulation. 
Catalase showed decreasing trend in gills could be due to the influx of superoxide radicals inhibiting catalase 
activity but increasing trend in brain an adaptive response to counteract elevated ROS levels. This upregulation 
enhances the brain’s ability to decompose hydrogen peroxide, thereby mitigating oxidative damage.

In the current study, total proteins (gm/dL), and globulin (gm/dL) were unaltered in group B and C but 
significantly reduced in group D. Albumin was remained unaltered in groups B, C and D as compared to control 
group A. The decreased in protein could be due to proteolysis, proteinuria. Furthermore, toxic stress increases 
cortisol secretion, which promotes protein breakdown to provide amino acids for gluconeogenesis. A previous 
study by Hervé et al.78 found that indole has a impact on serum albumin in rats, suggesting potential toxic 
effects. Another study by Bertuzzi et al.79 examined the effects of indole-3-acetic acid on human serum albumin 
showing that indole competes with L-tryptophan, indicating potenial complications. Bodur and Cokugras80 
reported complications in butyrylcholinesterase due to the inhibitory properties of indole. Since no previous 
study has reported significant changes in fish serum proteins, the current study supports the findings of earlier 
research.

Conclusion
There are multiple applications of indole and its derivatives. This study explore the toxicity and beneficiality of 
4,5,6-Trimethoxy-2,3-diphenyl, an indole derivative having multiple applications in pharmaceuticals, materials 
science, dyes and pigments, may has toxic effects. The beneficial or toxic effects of this compound have been 
explored in model organism fish (Labeo rohita). According to investigations of this study no histological 
abnormalities in the brain and gills at low and medium concentrations were observed (33.08 & 48.13 mg/L) but 
significant changes were observed at 96.26 mg/L revealed toxicity with histological changes observed in brain such 
as necrosis, pyknosis, hemorrhage, degenerative changes and vacuolization. In gills histological abnormalities 
were aneurysms, degenerative changes, congestion of blood vessels and structural degeneration. Similarly, no 
alterations were seen in antioxidant indicators (GSH, MDA, LPO and CAT) at low and medium concentrations 
but at 96.26 mg/L significant alterations were observed. Proteins (total proteins and globulin) were altered in 

Fig. 4.  X-RD of TMDPI.
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similar trend but albumin (gm/dL) remained non-significant in all experimental groups. Generally, indole has 
anti-inflammatory, anti-oxidant and anti-cancer properties, making it safer for use in pharmaceutical products 
and other common industrial applications. Similarly, 4,5,6-Trimethoxy-2,3-diphenyl also has more beneficial 
effects as compared to its toxicity may recommended for practical applications. Further it needs to be tested on 
different species with more precise doses.

Data availability
All the data of this study is contained in this manuscript. More data related to this study can be accessed upon a 
reasonable request to the corresponding authors.
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