
Behavioral Changes in Male Gerbils Following
Subacute Exposure to K-Optimal 35 EC Pesticide
Formulation
1Faustin Pascal Tsagué Manfo, 2Asamaou Ayinuih Sahfua, 1Rene Bilingwe Ayiseh,
3Nadège Emégam Kouémou, 4Edouard Akono Nantia and 5Fidelis Cho-Ngwa
1Laboratory for Drugs and Molecular Diagnostics Research (ANDI Centre of Excellence for Onchocerciasis Drug Research),
Biotechnology Unit, Department of Biochemistry and Molecular Biology, Faculty of Science, University of Buea, Buea,
Cameroon
2Department of Biochemistry and Molecular Biology, Faculty of Science, University of Buea, P.O. Box 63 Buea, Cameroon
3Department of Animal Biology and Conservation, Faculty of Science, University of Buea, P.O. Box 63 Buea, Cameroon
4Department of Biochemistry, Faculty of Science, University of Bamenda, P.O. Box 39 Bambili, Cameroon
5Laboratory for Drugs and Molecular Diagnostics Research (ANDI Centre of Excellence for Onchocerciasis Drug Research),
Biotechnology Unit, University of Buea, Buea, Cameroon

ABSTRACT
Background  and  Objective:  Despite  their  benefits  in  agriculture,  pesticides  can  be  hazardous  to
non-target organisms, including animals and humans. The present study assessed the subacute toxicity
of  K-Optimal,  an  agro-pesticide  formulation  containing  lambda-cyhalothrin  and  acetamiprid.
Materials and Methods: Three groups of male gerbils were given either the vehicle or K-Optimal at doses
8.75 and 17.5 mg kgG1, 6 days a week for 4 weeks. The animal’s body weight was recorded every 4 days
and behavioral tests were carried out from day 20-25 of the experiment to assess anxiety, exploration and
motor coordination. The gerbils were sacrificed on day 29 and serum was used for assessment of
cholinesterase and aminotransferase activities, uric acid, total antioxidant capacity (TAC) and testosterone
levels. Brain nitric oxide (NO) levels were also determined while catalase activity, glutathione and
thiobarbituric reactive substances levels were assessed in the liver, testis and brain. Results: Exposure to
K-Optimal resulted in anxiety-like behavior characterized by decreased suspension time in the hanging
wire test and decreased grooming frequency and time spent at the center in  the  open  field  test.  The
K-Optimal induced increased liver weight while decreasing body weight. There were decreased brain NO
levels as well as increased TAC, though the latter occurred only in the animals exposed to 8.75 mg kgG1

pesticide. Conclusion: Subacute exposure to K-optimal induced anxiety-like behavior and impaired motor
coordination in the gerbils, which may result from decreased brain NO levels. The pesticide also alters
body and liver weights and should therefore be considered a potential health hazard for humans and
other animals.
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INTRODUCTION
Pesticides are either chemical or biological agents, widely used in agriculture that deter, incapacitate, kill,
or otherwise prevent pests from affecting crops1,2. Pesticides are increasingly used in tropical regions and
elsewhere to control biotic problems of insects, weeds and pathogens which interfere with crops and
livestock production. Unfortunately, pesticides also cause severe environmental pollution and health
hazards in nontarget organisms including humans3-5. Pesticide toxicity from repeated low-level exposures
(mainly through food/drinks) in non-target animals may be acute, chronic or even not manifest for
decades6. Pesticides may induce oxidative stress, that is, the imbalance between pro-oxidant molecules
(reactive oxygen and nitrogen species) and antioxidant defence mechanisms. The toxicity of pesticides
may also induce hepatocellular disorders and kidney and reproductive dysfunctions. Altered neurological
function with cholinesterase inhibition by pesticides was also reported5,7-9.

The K-Optimal 35 EC is a pesticide formulation frequently used in the South-West Region of Cameroon
to kill insects that interfere with crop production. It contains two active ingredients, acetamiprid and
lambda-cyhalothrin in a ratio of 20:15. Acetamiprid is a neonicotinoid, a relatively new family of pesticides.
It has been used to kill Lepidoptera and Hemipteran insects such as aphids, on crops like fruits, tea and
vegetables, which have gained resistance to organophosphates, carbamates and synthetic pyrethroid10,11.
Lambda-cyhalothrin on the other hand is a type II synthetic pyrethroid, used to control a wide range of
insects and pests both in food and in non-food crops. Pyrethroids disrupt the normal functioning of
sodium channels thereby causing a longer delay in sodium channel inactivation and inhibiting sodium
channel-dependent activity of cortical neurons6. However, these 2 active ingredients of K-Optimal 35 EC
have been shown to induce dysfunction in mammals including humans. Acetamiprid may affect the level
of cellular oxidative stress in mice. Acute poisoning with acetamiprid results in vomiting and convulsions
in humans12,13. Lambda-cyhalothrin alters reproductive function in male rats. It increases lipid peroxidation
and inhibits antioxidant enzymes in human erythrocytes. The DNA damage was also reported in human
lymphocytes and mice exposed to lambda-cyhalothrin, suggesting induction of the adverse immune
effects by the chemical14-16. Despite the aforementioned effects of the respective active ingredients,
information on the subacute effects of the formulation of these two ingredients K-Optimal 35 EC, on
animal behavior and other vital functions, has not been-over-emphasized. Thus, the present study was
conducted to assess the behavioral changes in male gerbils following exposure to K-Optimal 35 EC on the
liver, kidney, brain and reproductive function.

MATERIALS AND METHODS
Study area: The study was carried out at the Laboratory for Drugs and Molecular Diagnostics Research,
Biotechnology Unit, University of Buea, Cameroon. The study was conducted in June to November, 2019.

Materials: The K-Optimal 35 EC (lot N° 20180816) containing lambda-cyhalothrin (15 g LG1) and
acetamiprid (20 g LG1), manufactured by  Mano-China  and  distributed  by  Louis  Drefus  Commodities
(Z.I Bonaberi BP 2368) in Douala (Cameroon), was purchased from a local agro-pesticides shop in Muea
(Buea, Cameroon). Experimental animals were 18 adult laboratory male Mongolian gerbils (Meriones
unguiculatus, aged 7-8 months old, weighing on average 55-60 g), raised in the animal house of the
Laboratory for Drugs and Molecular Diagnostics (Biotechnology Unit, Faculty of Science, University of
Buea). The gerbils were housed in clean cages with sawdust as their beddings and fed with standard
animal feed consisting of ground corn, soybeans, premise and bones. Animal ethical consideration
regarding the safe use of experimental animals was obtained from the University of Buea-Institutional
Animal Care and Use Committee (UB-IACUC) approved under permit number UB-IACUC No 020/2019.

Methods
Experimental design and procedure: Male gerbils were divided into three groups (six animals per
group). The control group received the vehicle (distilled water) while  other  groups  were  treated  with
K-Optimal at doses 8.75 and 17.5 mg kgG1. The pesticide/vehicle was given to gerbils orally through
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gavage, once a day, 6 days a week for 4 weeks. The oral median lethal dose 50 (LD50) values of acetamiprid
and lambda-cyhalothrin in mice or rats were #198 and #79 mg kgG1, respectively. Therefore, the highest
dose of K-pptimal administered, 17.5 mg kgG1, corresponds to LD50/19.8 of acetamiprid and LD50/10.5 of
lambda-cyhalothrin16,17. The animals were observed once daily, for detection of morbidity and mortality.
Behavioral and motor coordination were assessed using a hanging wire test, open field test and elevated
plus maze test, conducted on day 20, day 22 and day 25 of the experiment, respectively. The gerbils were
sedated with ketamine/xylazine and sacrificed on day 29 and serum obtained from blood was stored at
-20°C for further biochemical analyses. The liver, brain, kidneys and testes were dissected out and weighed
and homogenates of the liver and brain were prepared in sodium phosphate buffer (100 mM, pH 7.4) for
further biochemical analyses.

Behavioral Assessment and biochemical analyses
Hanging wire test: The hanging wire test was conducted after a two days’ trial session (days 18 and 19)
on the ability of animals to hang with only the forepaws to a wire cable of 2 mm in diameter taut between
two stands at 55 cm apart and 50 cm above a layer of bedding. Each gerbil has suspended five times with
a resting time of one minute apart and the longest suspension time within five minutes was recorded9.

Open-field test: To assess locomotor activity, an open field with the dimensions (40 cm width×40 cm
length×45 cm height) was fabricated locally and used.  The  open  field  had  lines  dividing  its  floor  into
16 smaller squares of equal dimensions (10×10 cm). The assay was initiated by placing an individual gerbil
at the center of the apparatus. Then, the gerbil was observed for five minutes to record the number of
lines crossed with all four paws, frequency of rearing, rearing on the hind limbs, stretch attempt posture,
grooming and the number of defecations. The exploratory activities were also assessed through the record
of the number of center square entries, duration in the center square and total distance traveled9. The
apparatus was thoroughly cleaned with 70% ethanol after testing each gerbil.

Elevated plus maze test: In order to evaluate the exploratory and emotionality behavior of the gerbils,
a wood-made plus maze elevated to a height of 35 cm was used. The apparatus consisted of two open
arms (30×8 cm, in length by width, respectively) and two closed arms (30×8×20 cm in length, width by
height, respectively), that extended from a common central platform (8×8 cm) arranged so that both open
and closed arms faced each other. The test was initiated by placing a gerbil at the center area of the maze
facing an open arm. The animal was carefully observed (by a person situated 2 m far from the maze) for
record of the time spent at the center, exploring the open and closed arms, the number of entries into the
open and closed arms, the number of head dipping and grooming for the duration 5 min test session.
Entry into an open or closed arm was counted only when all four paws were placed into the corresponding
arm. Also, a greater frequency of open-arm activity and head dipping, indicated a greater level of
exploration for the animals18,19. Emotionality or fear behaviors include closed-arm activity, stretch attempts,
grooming, freezing and defecation9. The maze was thoroughly cleaned with 70% ethanol after testing each
gerbil.

Biochemical analyses
Assessment of serum biochemical parameters: The ferric reduction antioxidant power (FRAP) method
was used to determine serum total antioxidant capacity (TAC)20. This method was adapted to a 96-well
plate5. Summarily, 100-1000 µM standard solutions of FeSO4.7H2O were prepared. Five microliters of each
standard  solution  or  sample  were  pipetted  into  96  well  plates  containing  65  µL  of  acetate  buffer
(300 mM, pH 3.6). A freshly prepared FRAP reagent was added to all wells (100 µL in each well) and the
absorbance was read after 4 min at 595 nm. The TAC value for each sample was extrapolated from a
standard curve and expressed as µMFe(II) equivalent5. Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) activities were measured in serum using kits from Chronolab Systems S.L.
(Barcelona, Spain), as per manufacturer’s instructions. A kit from Chronolab Systems was also used for the
assessment of the uric acid levels, as reported  earlier7.  For  the  assessment  of  testosterone  levels,  a
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competitive  ELISA  kit  from  Calbiotech  was  used  and  the  assay  was  conducted  as  described  by
Manfo et al.5. Acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) activities were determined
spectrophotometrically in both serum and brain homogenate as described by Jońca et al.21 with slight
modification5.

Determination of biochemical parameters in brain, liver and testis homogenates: Nitrite ions were
measured in brain homogenate as an indicator of nitric oxide (NO) production by Griess reagent22. Briefly,
the Griess reagent (1% sulphanilamide and 0.1% naphthylethylenediamide, v/v) was mixed either with
sodium nitrate standard solution (0.00625- 0.2 mM, prepared by dilution of a 0.2 mM stock in phosphate
buffer pH 7.4) or homogenates. Absorbance was read at 546 nm and concentrations of nitrite extrapolated
from the standard curve. For catalase activity, H2O2 was used as substrate and its degradation was
monitored for 90 sec (30, 60 and 90 sec) using a spectrophotometer at the wavelength of 240 nm23.
Reduced glutathione and thiobarbituric reactive substances (TBARS) levels were measured using Ellman’s
reagent 2,2'-dinitro-5,5'-dithio-dibenzoic acid and 2-thiobarbituric acid, respectively24,25. All these
parameters were normalized to the protein concentration of the tissue homogenate26.

Statistical analysis: Body weight variation and relative organ weights were calculated for the experimental
animals. All data obtained including biochemical parameters were expressed as Mean±Standard Error of
Mean (SEM) and analyzed using MedCalc vs. 14.8.1 software. The data were tested for normality using the
Kolmogorov-Smirnov Test. This was followed by the Analysis of Variance (one-way ANOVA test) and the
Student-Newman-Keuls Test for normally distributed data, or the Kruskal-Wallis Test for skewed data.
Differences were considered to be significant at p<0.05.

RESULTS
Clinical signs, relative body and organ weights
Clinical signs: Various clinical symptoms were manifested by treated gerbils from day 4 till the end of the
experiment.  As  presented  in  Table  1,  test  group  gerbils  receiving  the  highest  dose  of  K-Optimal
(17 mg kgG1) showed a tendency of mouth smacking and salivation, tremors, loose fur and respiratory
depression. However, the group exposed to the lower dose showed respiratory depression only (Table 1).

Relative body weights: Outcomes of the relative body weights (%) were shown in Fig. 1. A K-Optimal
induced a significant decrease (p<0.05) in weights of gerbils at the doses of 8.75 and 17.5 mg kgG1, when
compared with the vehicle group, from day 4 till the end of the experiment (p<0.05).

Relative weight of organs: The relative weights of organs (g/100 g body weight of the animal) of gerbils
are presented in Fig. 2. Treatment with K-Optimal at the higher dose, 17.5 mg kgG1, significantly increased
liver weight by about 30% (p<0.05) when compared to the vehicle group. However, other organs assessed
were not altered following exposure to the pesticide formulation (p<0.05).

Hanging wire, open field and elevated plus maze results
Hanging wire: A Hanging wire test was carried out during the experiment and the results were presented
in Table 2. As shown by the duration, K-Optimal dose-dependently induced a decrease in the time of
suspension of gerbils on the wire. The decrease in time of suspension was significant (p<0.05) when the
animals were exposed to the highest dose of pesticide, 17.5 mg kgG1, when compared to the vehicle
group.

Open-field data: The treatment of gerbils with K-Optimal resulted in a decrease in the number of
grooming and total time spent at the center of the open field by gerbils compared to the control. The
group treated with 17.5 mg kgG1 showed a significant decrease (p<0.01) in the number of grooming and
total time spent at the center when compared to the control group. However, the number of crossings,
rearing  and  fecal  mass  of  the  gerbils  were  not  affected  by  intoxication  with  K-Optimal  as  shown
in Table 2.
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Fig. 1: Variation of the relative body weight of gerbils during exposure to K-Optimal
Values represent means and SEM values for six gerbils per group. The significant difference when compared to the vehicle
group treated with distilled water, at p<0.05 (Student-Newman-Keuls Test)

Fig. 2: Relative organs weights of gerbils after exposure to K-Optimal
Values represent means and SEM values for six gerbils per group. The significant difference when compared to the vehicle
group treated with distilled water, at p<0.05 (Student-Newman-Keuls Test)

Table 1: Clinical signs and symptoms exhibited by treated gerbils compared to the vehicle group
K-Optimal (mg kgG1) Mouth smacking Salivation Tremor Loose fur Respiratory depression
0 - - - - -
8.75 - - - - +
17.5 + + + + +
+, -: Presence of clinical signs and symptoms, respectively

Elevated plus maze test: The K-Optimal formulation prolonged (p<0.05) the time spent by gerbils at the
center of the elevated plus maze, irrespective of the dose tested (Table 3). However, pesticide exposure
did not affect the number of entries into the open and closed arms, the time spent in the open and closed
arms, the number of head deeps, rearing and the fecal mass of the gerbils.
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Fig. 3: Serum total antioxidant capacity levels in gerbils at the end of the treatment
Values represent means and SEM values for 6 gerbils per group. Significant difference when compared to the vehicle group
treated with distilled water, at *p<0.05 (Student-Newman-Keuls Test)

Fig. 4: Brain nitric oxide levels in gerbils following exposure to the pesticide formulation  K-Optimal  for
28 days
Values represent means and SEM values for 6 gerbils per group. Significant difference when compared to the vehicle group
treated with distilled water, at *p<0.05 (Kruskal-Wallis Test)

Table 2: Average length of suspension time and open-field test parameters of animals
Hanging wire Test Open-field Test
-------------------- ----------------------------------------------------------------------------------------------

K-Optimal Suspension time Time spent at Crossing Grooming Rearing Fecal
(mg kgG1) (sec) the center (min) (counts) (counts) (counts) mass (g)
0 6.03±1.62 16.65±2.14 167.17±7.77 9.67±0.95 20.33±2.52 0.01±0.01
8.75 2.76±0.50 18.38±1.91 145.50±14.11 6.50±1.20 16.33±1.05 0.03±0.01
17.5 1.65±0.34* 7.55±2.00** 148.17±8.93 4.67±0.76** 19.50±2.14 0.04±0.03
Values represent means and SEM for six gerbils per group. The significant difference when compared to the vehicle group treated
with distilled water at *p<0.05 and **p<0.01 (Student Newman-Keuls Test)

Serum total antioxidant capacity (TAC): The results of the TAC levels measured in serum are
summarized in Fig. 3. As shown by the figure, the TAC levels in gerbils showed a non-monotonic variation,
with a significant increase in the animals exposed to 8.75 mg kgG1 when compared to the vehicle group
(p<0.05).

Serum  ALT,  AST,  cholinesterase  enzymes,  uric  acid  and  testosterone  levels:  Aminotransferase
(ALT and AST) and cholinesterase enzymes (AChE and BuChE) activities, uric acid and testosterone were
measured in serum and the results were presented in Table 4. When compared to the vehicle group, none
of these parameters were affected by the intoxication of the gerbils with the pesticide formulation
(p<0.05) (Table 4).

Nitric oxide levels in the brain and liver: Brain NO levels in gerbils were analyzed and the results are
presented in Fig. 4. The K-Optimal formulation induced a significant (p<0.05) difference in the NO levels
in the brain at both investigated doses, when compared to the control group in Fig. 4.
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Table 3: Elevated plus maze test parameters of gerbils
Entry into Entry into Time spent Time spent No head Time spent No. of

K-Optimal the open the close in open in the closed deeps at the rearing Fecal
(mg kgG1) arm (counts) arm (counts) arm (min) arm (min) (counts) center (min) (counts) mass (g)
0 29.00±3.25 21.33±2.03 2.74±0.22 1.94±0.30 43.67±7.30 0.32±0.02 26.50±3.05 0.004±0.004
8.75 28.50±2.09 32.50±2.85 1.76±0.21 2.18±0.14 30.17±4.64 1.23±0.07* 25.00±2.44 0.017±0.017
17.5 26.33±1.98 24.67±3.19 1.83±0.32 2.12±0.27 37.83±4.51 0.98±0.17* 21.17±3.18 0.019±0.012
Values represent means and SEM of six gerbils per group. The significant difference was when compared to the vehicle group treated
with distilled water at *p<0.05 (Kruskal-Wallis Test), serum and organ biochemical parameters

Table 4: Serum activities of aminotransferase and cholinesterase enzymes, uric acid and testosterone levels in pesticide-exposed
groups and vehicle group

K-Optimal Serum AChE (IU) Serum BuChE (IU) Uric acid Serum testosterone
(mg kgG1) ALT (U LG1) AST (U LG1) and values (%) and values (%) (µmol LG1) (ng mLG1)
0 56.39±3.77 90.71±4.17 3726.10±32.42 2697.63±28.10 204.54±2.57 0.70±0.12

(100±0.870) (100±1.048)
8.75 48.13±2.72 124.15±4.11 4384.20±29.20 3172.88±24.39 215.28±3.38 1.18±0.05

(117.66±0.784) (117.62±0.904)
17.5 68.35±3.75 116.28±3.27 4409.40±102.02 3365.93±96.65 246.06±3.36 0.75±0.07

(118.34±2.738) (124.77±3.583)
Values in the table represent Means±Standard Error of Means (SEM) of six gerbils per group. No significant difference when
compared to the vehicle group at p<0.05 (One Way ANOVA, Student-Newman-Keuls and Kruskal-Wallis Test)

Table 5: Brain, liver and testis catalase, glutathione and thiobarbituric reactive substances
K-Optimal Catalase Reduced glutathione TBARS

Organs (mg kgG1) (IU mgG1) (mmoles mgG1 protein) (nmoles mgG1 protein)
Brain 0.00 444.05±109.92 0.27±0.03 1.24±0.14

8.75 407.66±39.62 0.34±0.02 3.56±0.56
17.5 295.84±125.62 0.53±0.33 1.55±0.57

Liver 0.00 209.37±72.70 0.09±0.02 0.79±0.18
8.75 269.69±38.23 0.06±0.01 0.42±0.06
17.5 224.21±48.64 0.04±0.009 0.44±0.15

Testis 0.00 768.49±176.64 0.11±0.03 1.98±0.44
8.75 1062.84±75.07 0.19±0.03 3.79±0.71
17.5 524.37±98.30 0.17±0.04 3.82±0.79

TBARS: Thiobarbituric reactive substances. Values in the table represent Means±Standard Error of Means (SEM) of six gerbils per
group. No significant difference when compared to the vehicle group at p<0.05 (Kruskal-Wallis Test)

Oxidative stress biomarkers: Catalase, reduced glutathione and TBARS levels were measured in brain,
liver and testis tissues and results were presented in Table 5. When compared to the vehicle group, none
of these parameters were affected by the intoxication of the gerbils with the pesticide formulation
(p>0.05).

DISCUSSION
This study was designed to assess the subacute toxicity of K-Optimal, a pesticide formulation containing
two active ingredients, acetamiprid and imidacloprid and inert ingredients intended to improve the
physical characteristics of the product. This pesticide formulation is currently used by farmers in
Cameroon, despite limited information on its health effects on humans. Adverse effects of each of these
active ingredients have been reported by authors5,7,13,27,28. However, there is a scarcity of information on
the potential toxicity of the mixture of the two chemicals. The inert ingredients have also been shown to
potentiate the toxicity of the pesticide formulation. As K-Optimal is currently applied by farmers in
Cameroon and elsewhere to control insects, toxicological data on the formulation may be more relevant
to current exposure scenarios among humans. The Mongolian Gerbil model was used for the study.

Exposure to the pesticide formulation induced respiratory depression, profuse salivation and mouth
smacking in gerbils. Such signs have been observed in rodents orally treated either with acetamiprid or
imidacloprid28,29. This was suggestive of an altered nervous system, which was further assessed through
behavioral tests including hanging wire, open-field and elevated plus maze tests.
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The hanging wire test is a functional method for the evaluation of forelimbs strength and has been used
to investigate the effects of xenobiotics on neuromuscular disorders9. There was a decrease in the ability
of the K-Optimal-exposed gerbils to hang on the wire, suggesting reduced muscle strength and altered
coordination in the gerbils. Impairment in grip strength following exposure to pesticides has been
reported by Kada et al.9 and may indicate muscle weakness. The open field test revealed a decrease in the
total time spent at the center in the gerbils exposed to 17.5 mg kgG1 K-Optimal. This was indicative of
lesser exploratory and high anxiety-like behaviors. The latter was further supported by the reduction of
grooming in the open-field test18,19. This study corroborates the observations of Kada et al.9, who reported
the anxiogenic effects of Parastar pesticide formulation in Wistar albino rats.

In the elevated plus maze test, entries in both the open and closed arms parameters are often used as
indicators of behavioral changes of anxiety origin, with their decreased frequency interpreted as evidence
for the anxiogenic-like effect of some drugs30. In the current study, exposure to K-Optimal did not alter
these parameters. However, the increased time spent at the center of the maze further supports the
anxiogenic-like effect observed in the gerbils exposed to the pesticide formulation. Changes in behavior
may result from altered physiology within the brain, biochemical changes, or related to general
health conditions in the gerbils intoxicated with the pesticide. Therefore, body and organ weight as well
as selected biochemical parameters were assessed including cholinesterase activities, NO levels, oxidative
stress indicators and main androgen.

The enzyme AChE abbreviates neurotransmission in neuromuscular and neuro-neuronal synapses. The
physiological function of BuChE remains unknown, though it serves as a biomarker for exposure to
cholinesterase   inhibitors.   Cholinesterase   inhibitors   include   the   K-Optimal   active   ingredients
lambda-cyhalothrin and acetamiprid8,31. Surprisingly, exposure to K-Optimal did not affect the activity of
both enzymes, suggesting a different action mechanism of the pesticide formulation on the nervous
system. Noteworthy, the freely diffusible gaseous compound NO serves as an important messenger in the
central nervous system. It is produced by neurons and glial cells in the brain and the decreased levels of
brain NO in the gerbils exposed to K-Optimal observed in this study corroborated behavioral changes.
Nitric oxide plays an important role in many brain functions, such as sexual behavior and long-term
potentiation.  Long-term  potentiation  involves  persistent  strengthening  of  synapses  leading  to  a
long-lasting increase in signal transmission between neurons32.

The K-Optimal elicited a reduction in the gerbil’s body weight, concomitantly with increased liver weight,
whereas weights of the main excretory and reproductive organs were unchanged. The decrease in body
weight is in agreement with previous observations in rats exposed to one of  the  active  ingredients  of
K-Optimal, acetamiprid when given at a dose of 30 mg kgG1 for 35 days13. The liver is well known as a key
xenobiotic-metabolizing organ that also governs body energy metabolism. The increase in its relative
weight may be indicative of hepatocellular disorders and could be a result of edema, hepatocellular
hypertrophy or cell damage leading to lipid and glycogen accumulation13. Biochemical liver biomarkers
of toxicity were assessed to determine the extent of the effects of the pesticide formulation on the gerbils
and the integrity of the excretory and reproductive functions was also examined.

Alanine aminotransferase (ALT) is primarily localized in the liver but AST is present in a wide variety of
tissues like the heart, skeletal muscle, kidney, brain and liver33.  These enzymes are normally present in the
cytosol of the cell, hence, higher than normal serum levels are indicative of hepatocellular damage.
Though damages in other tissues like the heart and muscle can lead to increments, especially in AST
activities, ALT increments are generally more specific to liver damage32. Activities of the aminotransferases
did not show a significant variation following exposure to K-Optimal, although a 12-28% marginal increase
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in aminotransferase activities was observed at a higher pesticide dose. However, previous toxicological
studies with the two K-Optimal active ingredients, given to rats/mice at higher doses for longer periods,
showed altered liver function. These include Zhang et al.13, who reported increased ALT activity in male
mice intoxicated with acetamiprid (30 mg kgG1) for 35 days and Bhardwaj et al29, who reported elevated
ALT and AST in female rats intoxicated with imidacloprid (at doses of 10 and 20 mg kgG1) for 90 days.
Kidneys are among the most solicited organs for excretion of the xenobiotics and related residues. The
excretory function was also examined through the measurement of uric acid, a multifactorial biomarker
resulting mainly from protein degradation in mammals. It is generally excreted into the urine and
increased levels in serum serve as an indicator of impaired mammalian kidney function. Progressive renal
failure is generally accompanied by a relentless augment of serum uric acid secondary to a progressive
decay in the capacity of the kidney to excrete urates34,35. In this study, there was no significant variation
in the uric acid levels, suggesting non-altered kidney function following intoxication with K-Optimal. As
for the reproductive function, assessment using serum testosterone levels as a biomarker indicated that
it was not significantly affected by intoxication with K-Optimal. Testosterone is the main male androgen36.
Although this observation suggests that the pesticide formulation does not alter steroidogenesis in the
animals, it warrants further assessment of the reproductive function through the measurement of
additional biochemical markers such as gonadotropins and sperm quality. Indeed, Kong et al.37

demonstrated that repeated oral administration of a K-Optimal active principle acetamiprid, at doses of
10 and 30 mg kgG1 for 35 days resulted in decreased plasma testosterone levels in male rats.

Pesticides have been shown to alter cellular function through oxidative stress, which is a state
characterized by an imbalance between pro-oxidant molecules (including reactive oxygen and nitrogen
species) and antioxidant defenses. Oxidative stress plays a key role in the pathogenesis of the liver,
kidneys, neurological and reproductive dysfunction38. The FRAP of plasma was increased in gerbils
exposed to 8.75 mg kgG1 K-Optimal, suggesting increased total antioxidant power of plasma in the
animals in response to the lower dose of the pesticide formulation. This non-monotonic effect on TAC
could imply an  increase  in  ROS  in  the  animals  exposed  to  the  higher  dose  of  the  agrochemical 
formulation, 17.5 mg kgG1, surpassing the antioxidant system. Indeed, Zhang et al.13 reported that excess
ROS led to a decrease in antioxidant levels. Also, the K-Optimal formulation had no significant effect on
the activity of the antioxidant enzyme catalase as well as the levels of glutathione. The level of the lipid
peroxidation marker, TBARS, was not significantly affected upon administration of the pesticide
formulation. This was contrary to the observation of Ansari et al.31, who reported decreased catalase and
glutathione with increased TBARS in rats exposed to lambda-cyhalothrin, at 3.0 mg kgG1 for 15 days.

This study complements previous data on adverse health effects of the insecticides acetamiprid and
lambda-cyhalothrin. Although the study enables appraisal of the toxicity of the two ingredients combined,
it has some limitations worth mentioning. Reports on the toxicity of the pesticide ingredients in gerbils
are scarce. Therefore, results presented herein were generally confronted with data in rats and mice,
assuming that the latter rodents may share common behavior with the gerbils. The K-Optimal is a mixture
of well-identified active ingredients but also inert substances for which the nature and concentration have
not been disclosed by the manufacturer. This makes it difficult to properly interpret data with a delineation
of the intrinsic adverse effect of each component.

CONCLUSION
Taken altogether, results from this study suggested that K-Optimal exposure induces behavioral changes,
probably through reduced brain NO levels. The pesticide formulation also altered body and liver weight
and  should  be  therefore  handled  with  care  to  limit  exposure  among  potential  users  including
farmers.
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SIGNIFICANCE STATEMENT
Subchronic intoxication of gerbils by K-Optimal, a pesticide formulation containing acetamiprid and
lambda-cyhalothrin, results in altered behaviors, as well as reduced brain nitric oxide. K-Optimal is
currently used by farmers to kill insect pests on crops and may be detrimental to the farmer applying the
chemical with inadequate/no protection. Farmers are therefore called upon to use pesticides properly,
by good agricultural practices, to minimize/reduce exposure to K-Optimal.
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