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SAFETY ASSESSMENT OF NILAVEMBU KUDINEER CHOORANAM AND KABASURA KUDINEER CHOORANAM IN ZEBRAFISH EMBRYOS



Abstract
This study aimed to assess the teratogenic effects and determine the LC50 values of Nilavembu Kudineer Chooranam (NKC) and Kabasura Kudineer Chooranam (KKC) using zebrafish embryos as a model. Each group consisted of 20 embryos, with two replicates per drug. The tested dose range for NKC was 750–12,000 µg/mL, while for KKC, it was 10–640 µg/mL, Embryo development was monitored for mortality, hatchability, and developmental abnormalities up to 96 hours post-fertilization (hpf). The LC50 value for NKC at 96 hpf was determined to be 2208 µg/mL, with no evidence of teratogenicity. For KKC, no mortality or teratogenic effects were observed at the tested concentrations.
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Introduction
Herbal medicine remains essential and widely practiced in many developing countries. In India, 70% of the population relies on traditional herbal remedies for their primary healthcare needs [1]. The Siddha system of medicine, which dates back centuries, has been practiced by Tamil vaithiyars (native healers of Tamil Nadu), who promoted an impeccable lifestyle that continues to influence societies in Tamil Nadu [2]. Among Indian traditional medicine systems, Siddha holds a holistic position, pioneering treatments for both communicable and non-communicable diseases [3].
Among Siddha formulations, Nilavembu Kudineer Chooranam is a classical polyherbal remedy prescribed for viral fevers, associated pain, and immunity enhancement to prevent the recurrence of viral infections. It is commonly recommended as a prophylactic during monsoons and as an adjunct therapy for patients with viral fevers [4]. Classical Siddha texts recognize it as a first-line therapy and a general remedy for fevers caused by unidentified microbial infections [5].
Another notable Siddha preparation, Kabasura Kudineer, is a polyherbal decoction comprising 15 medicinal herbs. It is known for its effectiveness against respiratory infections and possesses anti-inflammatory, analgesic, antiviral, antifungal, antioxidant, hepatoprotective, antipyretic, anti-asthmatic, and immunomodulatory properties. Due to its antiviral and immune-boosting effects, the Tamil Nadu government has recommended Kabasura Kudineer as a therapeutic remedy for COVID-19 management [6].
Despite the proven pharmacological efficacy and clinical benefits of these formulations, ensuring their safety is crucial to maximizing their therapeutic potential. The validation of many Siddha formulations remains limited, even as global interest in Siddha medicine continues to grow. Reliable safety assessments are essential. Traditional toxicity screening methods, which involve animals such as rodents, dogs, and rabbits, are expensive, time-consuming, and labor-intensive [7].
A promising alternative for in vivo toxicity testing is the use of zebrafish (Danio rerio) embryos. This model is versatile and well-suited for high-throughput analysis, offering advantages typical of in vitro approaches, such as low cost, high sensitivity, and rapid testing durations [3]. Zebrafish assays align with the 3R principles of animal studies—Reduction, Replacement, and Refinement—and provide a refined research model. The transparency of zebrafish embryos during early developmental stages allows for detailed observations [8,9]. Therefore, the objective of this study is to evaluate the safety profile of Nilavembu Kudineer Chooranam (NKC) and Kabasura Kudineer Chooranam (KKC) using zebrafish embryos as a model.
Materials and Methods
Preparation of NKC and KKC Decoction
The decoction of Kabasura Kudineer Chooranam (KKC) was prepared by boiling 5 g of KKC powder in 240 mL of water, reducing it to one-fourth of its volume (60 mL), and then filtering it [10]. To prepare the aqueous extract of Nilavembu Kudineer Chooranam (NKC), 25 g of coarse NKC powder was boiled with 800 mL of water until it was reduced to 125 mL. A stock solution with a concentration of 50 mg/mL was then prepared for further studies [11].
Zebrafish Husbandry
Adult zebrafish were reared in a mixture of dechlorinated tap water and reverse osmosis (RO) water at a ratio of 4:1. The rearing environment was maintained at a temperature of 29°C, with a pH range of 7.6 to 8.4. Water hardness was controlled between 50 and 100 mg/L, and electrical conductivity was maintained between 360 and 520 µS. The fish were fed earthworm flakes twice daily as their standard diet. Additionally, one week before the breeding period, they were provided with freeze-dried, protein-rich worms[12].
Breeding
For breeding, a specially designed transparent plastic breeding tank was used, consisting of two nested bread boxes, with the inner box having a window mosquito net at the bottom. Two pairs of male and female zebrafish were introduced into the breeding tank at a 1:2 ratio. The fish remained in the breeding tank overnight, and the following morning, upon the first exposure to light, the female zebrafish laid eggs. These eggs were externally fertilized by sperm released by the male zebrafish [12]. The live eggs, identified by their small, transparent, and round shape, were carefully collected using a Pasteur pipette and transferred to Petri dishes filled with embryo water (prepared by dissolving 0.06 g of ocean salt and 100 µL of methylene blue in 1 L of RO water). Only normally dividing, spherical embryos at 5 hours post-fertilization (hpf) were selected for the study [13].
Toxicity Assessment of NKC and KKC
At 5 hpf, zebrafish embryos were exposed to various concentrations of NKC (750, 1500, 3000, 6000, and 12,000 µg) and KKC (10, 20, 40, 80, 160, 320, and 640 µg), along with a control group. Each group consisted of 20 embryos with three replicates. The percentage of livability, hatchability, and abnormalities in zebrafish embryos/larvae treated with different concentrations of NKC and KKC in groups I to VI was observed at 5, 24, 48, 72, and 96 hpf. The LC50 was determined using probit analysis [14].

Results and Discussion
Mortality and Hatchability Assessment
Mortality and hatchability were recorded at 96 hpf. Embryos were examined for developmental abnormalities, including a curved body axis, craniofacial malformations, pericardial oedema, yolk sac oedema, and whole-body oedema at 24, 48, 72, and 96 hpf. The observed parameters in the NKC- and KKC-treated groups are presented in Tables 1 and 2, respectively. The developmental stages of the zebrafish embryos were shown in Fig 2.
Nilavembu Kudineer Chooranam (NKC)
Investigation of teratogenic effects of NKC in zebrafish embryos at concentrations ranging from 10 µg to 640 µg, reported no mortality and teratogenicity [11]. Based on these findings, the present study tested NKC lethality at concentrations ranging from 750 µg to 12,000 µg. The NKC-treated groups exhibited dose-dependent mortality. The LC50 value was determined using probit analysis, a graphical method for calculating LC50 values, where the log dose (X-axis) was plotted against the probits of mortality (Y-axis) for various concentrations [15]. The LC50 value at 96 hpf, as determined by probit analysis, was 2208 µg/mL (Figure 1). No developmental abnormalities were observed at any dose level of NKC, aligning with the findings of Shanmugapriya et al. (2019), who also reported no abnormalities in the 10–640 µg/mL range [11]. Additionally, in another study, no mortality or toxic signs were noticed in an acute toxicity study of NKC in mice at doses up to 2000 mg/kg [16]. In current study, unhatched embryos did not survive. These findings indicate that NKC is not teratogenic at doses up to 12,000 µg/mL; however, mortalities were observed at concentrations starting from 750 µg/mL in zebrafish embryos.
Kabasura Kudineer Chooranam (KKC)
Zebrafish embryos were exposed to KKC at concentrations ranging from 10 µg/mL to 640 µg/mL. No mortality or developmental abnormalities were observed at any tested concentration up to 96 hpf. All groups exhibited 100% hatchability at 96 hpf. In a study it was found that KKC, at doses up to 1.5 mL/kg, exhibited no toxic effects in rats [17]. In another study, in silico toxicity screening of 37 phytoconstituents of KKC revealed no carcinogenic or tumorigenic properties [18]. A subacute toxicity study of KKC in rats demonstrated safety at doses up to 800 mg/kg [19]. Therefore, the present study confirms that KKC does not cause developmental toxicity or mortality at doses up to 640 µg/mL in zebrafish embryos.
Conclusion
Developmental toxicity was assessed for NKC and KKC at dose ranges of 750 µg/mL to 12,000 µg/mL and 10 µg/mL to 640 µg/mL, respectively. Embryos were monitored for mortality, hatchability, and developmental abnormalities up to 96 hpf. The LC50 value for NKC at 96 hpf was determined to be 2208 µg/mL, with no evidence of teratogenicity. No mortality or teratogenic effects were observed for KKC at the tested concentrations. Therefore, the polyherbal formulations NKC and KKC do not exhibit teratogenic effects at the tested doses in zebrafish embryos.

Table 1. Observed parameters in NKC treated zebrafish embryos
	Parameters
	Concentration (µg/ml)

	
	Control
	750
	1500
	3000
	6000
	12000

	Hatchability 
	100%
	89%
	68%
	47%
	19%
	0%

	Mortality 
	0%
	12%
	34%
	56%
	82%
	100%

	Curved body axis
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA

	Craniofacial malformation
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA

	Pericardial oedema
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA

	Yol sac oedema
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA

	Whole body oedema
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA


	       NSA – No Such Abnormality

Table 2. Observed parameters in KKC treated zebrafish embryos
	Parameters
	Concentration (µg/ml)

	
	Control
	10
	20
	40
	80
	160
	320
	640

	Hatchability 
	100%
	100%
	100%
	100%
	100%
	100%
	100%
	100%

	Mortality 
	0%
	0%
	0%
	0%
	0%
	0%
	0%
	0%

	Curved body axis
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA

	Craniofacial malformation
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA

	Pericardial oedema
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA

	Yolk sac oedema
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA

	Whole body oedema
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA
	NSA


	       NSA – No Such Abnormality
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Fig 1: Probit analysis to find the 96 hpf LC50


Fig 2: Developmental stages of zebrafish embryos
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