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Introduction 
Synthetic pyrethroids [1] can be classified into two broad categories: Type-I and Type-II pyrethroids. Cypermethrin and 

Cyfluthrin are broad spectrum Type-II pyrethroid insecticides as they contain a cyano group in their structure [2-4]. 

Chemically synthetic pyrethroids [1,5] are esters of chrysanthemic acid and alcohols. The asymmetric centre may be 

present in acid and /or alcohol moiety. Synthetic pyrethroids have a complex chemical structure and can have two to 

eight optical isomers. 

 

Cypermethrin was synthesized (Figure-1) by Elliott et al. in 1974 by the esterification of hydroxy(3-phenoxyphenyl) 

acetonitrile, 1a with 3-(2,2-dichloroethenyl)-2,2-dimethylcyclopropanecarboxylic acid,2. Chemically Cypermethrin is 

[cyano-(3-phenoxyphenyl) methyl] 3-(2,2-dichloroethenyl)-2,2-dimethylcyclopropane-1-carboxylate,3a. The technical 

products commonly available contain more than 90% cypermethrin and the ratio of cis- to trans-isomers varies from 

50:50 to 40:60. 

 

Cyfluthrin is synthesized (Figure-1) by the esterification of (4-fluoro-3-phenoxyphenyl) (hydroxy) acetonitrile 1b with 3-

(2,2-dichloroethenyl)-2,2-dimethylcyclopropanecarboxylic acid, 2. Chemically Cyfluthrin is [cyano-(4-fluoro-3-

phenoxyphenyl)methyl]3-(2,2-dichloroethenyl)-2,2-dimethylcyclopropane-1-carboxylate,3b. 

 

Uses and toxicity 
Cypermethrin and Cyfluthrin are widely used as broad-spectrum insecticides [6]. Cypermethrin is a potent weapon used 

for pest control in industrial, commercial, residential sites and crop loss prevention in agriculture against many types of 

insects. It will kill bedbugs, ants, termites, cockroaches, scorpions and fleas. Cypermethrin is used in agriculture as a 

foliar application on food and feed crops like cotton, pecans, peanuts, broccoli and sweet corn.  

 

Cyfluthrin is used as an insecticide in homes, outdoors, and in agriculture. It is used to control 

ants, cockroaches, termites, silverfish, fleas, mosquitoes and flies and impregnating bed net for control of adult 

mosquitoes to prevent malaria, dengue and all vector control. It also controls leafhoppers, leaf miners, cutworms, 
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armyworms, corn earworms, codling moth, cabbageworm, loopers, Colorado potato beetle and many others. In general, 

Natural pyrethrum extracted from the Chrysanthemum cinerariaefolium has been widely used as a natural insecticide 

[7,8] and is considered to be less harmful to humans and the environment. Its low toxicity may be due to a fast 

biotransformation in higher species. Its readily/rapid degradation in sunlight does not allow it to be used commercially 

for agricultural and other applications.  

 

 
 

Fig 1. Schematic representation of synthesis of Cypermethrin and Cyfluthrin 

 

Synthetic pyrethroids like Cypermethrin and Cyfluthrin are not easily degraded by sunlight and this makes them more 

stable and more effective as insecticides compared to natural pyrethrums. Their toxicity is attributed to their functioning 

as an insecticide, which makes them harmful for humans and the environment [9,10]. The widespread use can cause 

various toxic effects on non-target organisms. Cypermethrin and Cyfluthrin are highly toxic chemicals that can be 

inhaled, ingested and dermally exposed. This can cause skin irritation, numbness, tingling, itching and burning sensation 

in the eyes. Convulsions and coma can also result from acute poisoning with these pyrethroids [11]. The primary target 

site of cypermethrin and cyfluthrin (of pyrethroid insecticides in general) in the vertebrate nervous system is the sodium 

channel in the nerve membrane. When an insect comes into contact with these pyrethroids or ingests it as an aerosol, the 

compound rapidly gets to work, interfering with nerve signalling in the insect’s body, leading to paralysis. Once 

paralysed, the insect cannot perform its usual biological functions and ultimately dies because it is unable to feed itself.  

Due to their lipophilic structure, they have been found to accumulate in body fat, skin, liver, kidneys, adrenal glands, 

ovaries and brain. These are very toxic to aquatic organisms [12-15]. Acute oral LD50 of cypermethrin in rats is 57.5 

mg/kg and dermal LD50 is >1600 mg/kg [16-19]. Acute oral LD50 of cyfluthrin in rats is 900 mg/kg and dermal LD50 is 

>5000 mg/kg [ 20-22]. 

 

In silico study using toxtree (TT ) Cramer decision tree scheme  

The Toxtree [23-25] is useful tool that enable effective implementation of the Cramer decision tree. The Cramer 

classification scheme (decision tree) is the best-known approach to estimate the Threshold of Toxicological Concern 

(TTC) for a chemical substance based on its chemical structure. The In-silico performances are thus chemical class-

dependent. The chemical structures of Cypermethrin and Cyfluthrin were represented using the simplified molecular-

input line-entry system (SMILES). The SMILES were used as input for Toxtree (TT), Version 3.1.0. The Cramer class of 

two pyrethroids was determined by the Cramer rule decision tree feature in ToxTree. The data for both Cypermethrin and 

Cyfluthrin is summarized in Table-1 as per Cramer decision tree and revised Cramer rule decision tree (see conclusion). 

 

Table-1: Cramer Decision Tree Approach for Estimation of Toxic Hazard of Cypermethrin and Cyfluthrin 

Available structure attributes 

IUPAC Name     

Cypermethrin: 

Cyfluthrin: 

 

[cyano-(3-phenoxyphenyl) methyl] 3-(2,2-dichloroethenyl)-2,2-

dimethylcyclopropane-1-carboxylate 

[cyano-(4-fluoro-3-phenoxyphenyl) methyl] 3-(2,2-dichloroethenyl)-2,2-

dimethylcyclopropane-1-carboxylate 

SMILES 

Cypermethrin: 

 Cyfluthrin: 

 

CC1(C)C(C=C(Cl)Cl)C1C(=O)OC(C#N)c1cccc(Oc2ccccc2)c1 

CC1(C(C1C(=O)OC(C#N)C2=CC(=C(C=C2)F)OC3=CC=CC=C3)C=C(Cl)Cl)C 

Cramer Rules High (Class III) Toxicity 

Toxtree, Cramer Rule:   1N,2Y  

Q1.Normal constituent of the body No    

Q2.Contains functional groups associated with enhanced toxicity Yes   Class High (Class III) 

Toxtree, Revised Cramer Rule : 1Y,4Y,4A Y, 5N,2N,3Y  

http://localhost/category/3
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Table 1 Continued………..  

Q1. Does the structure contain a functional group (...) that is hydrolyzed or reduced? Yes    

Q4. Does this structure contain elements other than specified? Yes   

Q4A. Does the substance contain two or less covalently bonded Cl or F atoms for every six carbons AND both 

of the following conditions apply: Yes   

Q5. Do all the elements not listed in 4 or 4A occur in a form listed below: No   Class  High (Class III) 

Q2.Is the structure a linear, unsubstituted aliphatic alcohol, aldehyde, carboxylic acid or derivative (ester, acetal 

or orthoesters) or an L-amino acid? No   

Q3.Does the substance contain any of the following functional groups? Yes    Class High (Class III) 

 
Structure-1 

 

 

 

 

 

 

 

 

 

Structure-2 

Structure-3 

 

 

 

 

 

 

 

 

Structure-4 

 

 

Structural alerts for Cypermethrin (R=H) and Cyfluthrin (R=F) 

Structure-1: Q2(Cramer),  

Structure-2: Q4, Q4A (Revised Cramer) 

Structure-3: Q1 (Revised Cramer) 

Structure-4: Q3 (Revised Cramer) 

 

Fig 2:  Structural alerts for Cypermethrin and Cyfluthrin as per Cramer decision tree and Revised Cramer decision tree 

 

Conclusion  

The Cramer Rule decision tree feature in Toxtree was applied for Cypermethrin and Cyfluthrin. The structure alerts for 

both were found to be same and are summarized in Table -1. As per In silico prediction, to estimate the Threshold of 

Toxicological Concern (TTC) for a chemical substance based on its chemical structure both Cypermethrin and Cyfluthrin 

belong to Cramer Class -III. The Cramer Class -III depicts high toxicity (1.5 µg/kg bw/d) and is described as substances 

with chemical structures that permit no strong initial impression of safety and may even suggest a significant toxicity. 

Cyfluthrin has fluorine present in one of the aromatic rings (Figure -1) however, no additional structural alert was 

observed as compared to Cypermethrin. Thus, fluorine substituent has no impact on structural alerts in Toxtree. The LD50 

values as discussed above clearly indicate that Cypermethrin is more toxic compared to Cyfluthrin. 
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