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Background: Fipronil (FPN) is a broad-spectrum phenylpyrazole insecticide, widely used in agriculture and veterinary medicine.
Published research on FPN toxicity has established the fact that its inhalation or dermal exposure may lead to very serious clinical
outcomes in non-target animals. In line to its exposure and toxicity related damage, FPN has been investigated in many invertebrates,
however, its exposure-related noxiousness is less reported in higher animals.

Objective: To assess the FPN-induced effects to agro-workers in the field, in the present study, we used physiological human
surrogates, adult rhesus monkeys as models.

Method: We exposed well habituated, chair restraint adult rhesus monkeys with a field spray concentration of FPN (0.3 mg/1 mL
distilled water) through an inhalation route in the closed system. Animals were divided into control and treatment groups, each
containing three animals. Inflammatory and hematological effects were determined by evaluating the kidney and liver biomarker
enzymes; serum creatinine and alanine transaminase (ALT), aspartate transaminase (AST) levels respectively.

Results: Our findings reveal that FPN treated monkeys show significantly increased levels of ALT (p = 0.000461), AST (p = 0.0681)
and creatinine (p = 0.00656) as compared to the control group. Furthermore, significant differences of red blood cells (RBCs) (p =
0.0139) and white blood cells (WBCs) (p = 0.00642) were also observed in the treated and control group monkeys which reflect strong
toxic effects on the blood cells.

Conclusion: Our findings demonstrate that FPN exposure is very toxic to higher animals and causes severe damage to the liver and
kidneys along with other clinical problems. The study highlights the effect and impact of passive inhalation of insecticides in
intentionally carefree agro-workers and raises the concern of public awareness toward pesticides use.
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Introduction

To meet the increasing demand for food, human beings are in a constant struggle to increase per capita agricultural
products by using different pesticides to control damaging crop organisms. These agrochemicals are used worldwide.
According to a report, world pesticide usage at the producer level was worth nearly $56 billion annually in 2018."
Corresponding to that increase in usage; there is mounting evidence of human illness and deaths with occupational
exposure to these agrochemicals all over the world.>* Owing to improper regulations, monitoring systems,
weak enforcement, improper training, low education, and poorly managed or non-existent personal protective equipment,
high numbers of pesticide poisoning cases are reported in developing countries.”® The use of pesticides has become
a worldwide trend which is now affecting an increasing number of species as more land is being used for intensive
agriculture. There is a growing awareness that non-target species, including humans, often experience collateral damage
from pesticides, often resulting in death or sub-lethal effects on behavior, physiology, or endocrinology.”'® Therefore,
more concerns have been expressed about safety measurements of pesticides toward human health.
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Fipronil (FPN) is a broad-spectrum phenylpyrazole insecticide. It has been widely used in agriculture and veterinary
medicine to prevent aggressive insects from damaging agricultural crops and domesticated animals.'''? Moreover, FPN
has diverse uses in horticulture against a broad range of insects, such as termites, beetles, cockroaches, mosquitoes,
locusts, ticks, weevils, and fleas.'? Chemically, it has a small molecular weight with low polarity and is soluble in low
polar organic solvents like acetone and toluene. Under natural or biotic process, FPN is mainly dissipated by photolysis,
hydrolysing into four degradation compounds, including fipronil-desulfinyl, fipronil-amide, fipronil-sulfide, and fipronil-
sulfone.'* In water, the major degradation product is fipronil-sulfide or fipronil-desulfinyl while in many animals like in
fishes, FPN is mainly metabolized to fipronil-sulfone through cytochrome P450 oxidation.'

Research on FPN toxicity shows that FPN is highly toxic to many aquatic species: it could deprive benthic macro
invertebrate’s motor ability.'>'® Moreover, FPN exerts some sub-lethal effects, ranging from reproductive genotoxic and
cytotoxic effects, to many vertebrate animals, such as fish, reptiles, amphibians, birds, mammals, and even humans.'’
Studies have reported that FPN metabolites are even more toxic than their parent compound. For example, fipronil-
sulfone is 20 times more active with mammals than in insect chloride channels.'”"'® There are many studies about the
FPN mode of action, pathway and its toxicity along with its pharmacodynamics on insects, aquatic reptiles, birds and
lower mammals, especially the house mouse (Mus musculus).

In our previous study, we found that FPN combined with buprofezin is relatively more toxic to Cyprinus carpio in the
combined state and induced physiologically relevant hematological, biochemical, molecular, and histopathological
alterations.'® However, there's no literature about FPN's toxicity in higher animals like monkeys.

In the present study, to understand the mechanism, risk assessment, and toxicity associated with FPN exposure to
agro-workers in the field, as an environmental toxin and bio-aerosol, we used physiological human surrogates, adult
rhesus monkeys, as models. Monkeys are frequently used to understand the exposure—response relationships for allergens
and pro-inflammatory agents to help in elucidating the disease mechanisms and quantitative data to assess risk.”’ 2> We
exposed well habituated, chair restraint, adult rhesus monkeys to field spray concentrations of FPN (0.3 mg/1 mL
distilled water) through the inhalation route in a closed system.

After the FPN-treatment, toxicity profiles of the treated animals were assessed in the form of nephrotoxic and
hepatotoxic damage by measuring the kidney and liver enzymes; serum creatinine and alanine transaminase (ALT),
aspartate transaminase (AST) level, respectively. Hematologic effects on the blood cell counts were also determined.
Additionally, we also recorded the qualitative data of animals during and after the treatment. We anticipated that the
present study would highlight the need to educate the agro-worker community and increase the awareness to consider all
precautionary measures while doing field work.

Materials and Methods

Chemical - Materials

Chemicals, ALT, AST and creatinine activity assay kits were purchased from Jesan Company (Italy). Ketamine and
heparin (Rotexmedica, Trittau, Germany), EDTA and gel tubes were purchased from the local supplier. Formulations of
FPN (2.5% solution) were obtained from Planters (PVT) Limited, Islamabad, Pakistan under the trade name of Turmoil
50 SC and Anpon Co. Ltd. (Jiangsu, China), and Super Pesticides. A Teflon-cannula of Vasocan Branule, 0.8 mm/22 G O.
D, (B. Braun Melsungen AG, Belgium) was used. In instruments, physiological parameters of animals, G3-monitor, BP
apparatus, glucometer and video camera were used. For blood base analysis, spectrophotometer, URIT-2900Vit Plus
Auto Hematology Analyzer (made in China) was used.

Method

Animal Habituation

Disease and parasite free, active and uniform size (8+0.5 kg) three adult nonhuman primates, male rhesus monkeys (Macaca
mulatta) were chosen from those housed in an animal house. The monkeys were maintained at daily temperatures of 25 £+ 2 °C,
a relative humidity of 30-70%, with a sufficient air flow. Before the day of the experiment, all animals were habituated for
restraining on a primate chair, with a cannula installation and to sit in a card-made large inhalation chamber for 40 days with
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friendly and empathetic handling. Before exposure to the FPN inhalation, the animals were relaxed with minimum handling
stress with no estimated adverse effect level by the operating and handling approaches adopted as reported in the s‘rudy.23

Venous Catheterization
A Teflon-cannula was inserted in the saphenous vein of habituated experimental animals. The free end of the cannula was
linked to a syringe by a butterfly tube. This conduit was used for sequential blood sampling after FPN inhalation.

Inhalation Chamber

A card-made inhalation chamber of 5.1 feet in height and 3.2 feet in width was used to cover a chair restrained monkey
inside. A sprinkling inlet as the source of FPN spray was made on the right side of the chamber (Figure 1). A glass
window, facing the front of monkey, was fixed in the chamber that allowed the investigator to observe the animal's
behavior during the experiment. At the right top of the chamber, small holes were made as air inlets.

Experimental Operation

The experiment began after positioning the habituated-restrained monkey on the primate chair followed by taking pre-
inhalation measurements of physiological parameters: heart rate (HR), respiration rate (RR), rectal temperature (RT),
partial pressure of oxygen (PO,), and blood glucose of the animals. Afterwards, the monkey was transferred into
a closed-inhalation chamber where they were exposed to FPN spray for 10 min. Each animal, after exposure, underwent
post-inhalation measurements of physiological parameters and sequential blood sampling for the next four hours with
intervals of an hour (Ty, T1, T2, T3, and T4).

Blood was collected in EDTA and gel tubes for complete blood count (CBC) and serum separation respectively.
Hematological parameters were analyzed by a blood analyzer machine while assays for measuring the toxicity of the
liver and kidneys were run in a spectrophotometer. Furthermore, during the experiment's duration, all possible qualitative
data were measured.

Ethical Approval
The current study was conducted on the Rhesus monkey (Macaca mulatta) in the laboratory of Animal and Human
Physiology, Department of Animal Sciences, Quaid-i-Azam University, Islamabad. Handling of animals was done
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Figure | Sketch of experimental setup.
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according to the guidelines and regulations provided by ARRIVE (Animal Research: Reporting in vivo Experiments) and
BEC-FBS-QAU-94 (Bioethical Ethical Committee of Faculty of Biological Sciences Quaid—i-Azam University). This
study was approved by the Bioethical Committee of the Faculty of Biological Sciences, Quaid—i-Azam University.

Statistical Analysis

Data are presented as mean + standard error of mean (SEM). Statistical analysis of the data was performed with SPSS,
version 20 and graphs were drawn with the help of GraphPad Prism, version 5 software (San Diego, California, USA).
Data were analyzed statistically by repeat measures one-way ANOVA followed by Dunnett’s post-hoc test. Results were
considered statistically significant at p < 0.05.

Results

Measurement of Physiological Parameters
A significant difference in physiological parameters like PO, (P = 0011), RR (p =0.0019), HR (p = 0.0069) and RT (p =
0.0005) of treated monkeys was observed as compared to the control.

Figure 2 presents the paired 7-test comparison of the pre- and post-treatment values of these parameters in FPN
exposed monkeys which indicated the considerable decrease in physiological indicators in treated animals. These
preliminary physiological findings demonstrate that FPN exposure may exert considerable restlessness and other clinical
effects on the physiology of the target animals.

Measurement of Serum ALT and AST Level

Our findings on clinical serum chemistry parameters indicate that there was a significant increase in serum ALT and AST
levels in FPN treated rhesus monkeys as compared to the control group over the time duration of 240 min (4 h). There
was a significant rise in AST level at the final sample (p = 0.0.0681) as compared to the first reading, while ALT was p =
0.0.000461 after 3 hours of treatment (Figure 3). These findings strongly suggest that FPN exposure may damage the
functioning of the liver of the target animals and determines the risk for unprotected agro-workers while doing FPN
spraying in the field.

Measurement of Serum Creatinine Level

Following the FPN exposure, serum creatinine level of treated rhesus monkeys showed a significant upsurge compared to
the control group over the time duration of 240 min (4h). Sequential sampling showed the significant rise in creatinine
level at final sample (p= 0.00656) as compared to first reading (Figure 4). Likewise damage to liver, these findings

100+

% of chnage in pre-post values

Different Physiological Paremeters

Figure 2 Effect of fipronil exposure on the physiological parameters. Comparison of change in partial pressure of oxygen (PO,) (mmHg), respiration rate (RR), heart rate
(HR), and rectal temperature (RT) (Celsius scale) followed by field spray concentration of fipronil solution exposure (n = ?). The asterisks (**) indicate a significant difference
in the pre- and post-treatment values.
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Figure 3 Effect of fipronil exposure on the serum ALT and AST levels: A significant decrease in serum ALT (A) and AST (B) concentration (U/L) was observed in fipronil
treated monkeys over the exposure of to 240 min. Up to 80 U/L plus increase in ALT and AST levels clearly indicate the damage to the targeted animal's liver.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Figure 4 Effect of fipronil exposure on the serum creatinine. The relative increase in average serum creatinine concentration (mg/dl) in fipronil treated monkeys as
compared to initial TO sampling. Over the duration of 240 mins there was a significant increase from 0.7 mg/dl to 1.9 mg/dl in the serum creatinine concentration of treated
monkeys (p = 0.00656) which shows the fipronil exposure effect on the kidney of the targeted animal. *p < 0.05 compared with the control group. (T0-4: T = sample time).

highlight that FPN exposure may damage the functioning of kidneys of target animals and determine the risk for agro-
workers while doing FPN spray in the field.

Hematological Effects

Statistically significant differences in CBC parameters were observed in FPN spray exposed monkeys. A considerable
decrease in RBC, haemoglobin, and haematocrit were observed in treated animals as compared to the control. Pre- and post-
comparison of RBCs count revealed a significant difference of RBCs count (p = 0.0139) in FPN exposed animals while no
difference in RBC count was shown in all control group animals. Intergroup comparison shows a gradual decrease in cell
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count from first sampling to last one. Similarly, a significant decrease in Hb content in FPN treated animals (p = 0.0139) has
been observed, however, there was no difference in all control group animals (Table 1 and Table 2).

White Blood Cell (WBC) Count

Contrast to RBCs, WBCs count was high in all treated animals. A comparison of the treated and control group animals
shows a significant difference (p = 0.00642). Furthermore, an intergroup comparison shows a gradual increase in cell
counts from first sampling to the last one (Figure 5). These findings show that FPN exposure may lead to activation of
inflammatory and immune system mechanisms in the body which indicates the presence of an internal infection.

Serum Glucose Level

There was a significant increase in serum glucose level in the FPN treated monkeys (p = 0.00134), with itgoing up to
160 mg/dL. However, we observed no change in serum glucose level of the control group animals. An intergroup
comparison shows a gradual increase in glucose level from first sampling to last (Figure 6). These readings clearly show
the stress level of treated animals and provide insight to the mechanism of FPN action in inducing toxicity in target
animals.

Evaluation of Qualitative Data

In the physical observations, no mortality was observed in the experimental animals exposed to the whole body FPN field
spray in the inhalation chamber. However, the toxicological and clinical signs in the FPN treated group include urination
and defecation within 5 minutes of removal from the inhalation chamber, drowsiness and restlessness were observed.

Table | Effect of Fipronil Exposure on the Serum RBC in Treated Monkeys

Timing Control Treated

Mean S.E. Mean S.E.
TO 4.757 +0.790019 4.633333 +0.21884
Tl 4.706667 +0.724652 4.32 +0.242775
T2 4.773333 +0.736316 3.993333 +0.087536
T3 4.8 +0.766436 349 +0.272536
T4 4.803333 +0.764151 3.133333 +0.240655

Notes: Red blood cell count (RBC = 10'%/L) of control and treated monkeys. A significant difference.
(P = 0.0139) upon comparing the treated (n=3) and control group animals (n = 3) red blood cells count
were observed.

Table 2 Effect of Fipronil Exposure on the Serum RBC in Treated Monkeys

(Mean+SEM)
Timing Control Treated
Mean S.E. Mean S.E.

TO 14.5 +0.262778 14.26667 +0.634084
TI 14.83 +0.349157 132 +0.300356
T2 15.35 +0.202312 11.43 +1.434084
T3 14.86667 +0.381483 9.2833 +1.2143
T4 14.66667 +0.272488 7.166667 +0.441481

Notes: A significant decrease in red blood cell count (RBC = 10'%/L) were found on comparing the
treated (n = 3) and control group animals (n = 3) (T0-4: T = sample time).
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Figure 5 Effect of fipronil exposure on the WBC count. Upon comparing the (average) treated group animal's and control animal's WBC counts at one hour intervals via
blood sampling, a significant difference was noticed (p = 0.00642). Fipronil exposure increases the WBC count from 9.379/L to 22.479/L in the target animals (T0-4: T =
sample time). The asterisk (*) indicates a significant difference in the pre- and post-treatment values. The asterisks (**) also indicate a significant difference in the pre- and

post-treatment values.
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Figure 6 Effect of fipronil exposure on the serum sugar. A significant increase in serum glucose concentration in the treated animal group was observed. A rise in serum
glucose level up to 160 mg/dl revealed the stressed condition of the treated animals. **p < 0.01 compared with the control group. (S0-4: S = sample).
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Treated animals showed severe agitation and seizures, standing and falling with head downward in the cage. We also
observed a change in activity and an abnormal walk among the experimental animals on the second day of the
experiment.

Discussion

Through data mining, it has been well evaluated that FPN exposure may cause sub-lethal damage to non-target animals.
The toxicological profile of FPN is well established in invertebrates and lower vertebrates, however, its mode of action
and damage to the living body in higher animals has not been reported. To the best of our knowledge the present study is
the first time that the toxicological damage associated with FPN exposure amongst higher animals has been explored.

The liver is an important organ in toxicological studies. It has the role to accumulate, biotransform and detoxify
toxins, so hepatocytes are the first targets of toxic compounds in the human body.?*** The clinical outcome of the present
study indicates that field spray concentrations of FPN can cause liver damage. There is a significant increase in serum
liver biomarkers, AST and ALT enzymes, along with the increased serum creatinine. These enzymes are responsible for
metabolism, biosynthesis of macromolecules for different essential functions, and, most importantly, these enzymes
detoxify many different toxins.>> > So, they are used as specific indicators for liver damage.?® Research suggests that an
increase in the concentration of these enzymes may be due to liver dysfunction and disturbance in the biosynthesis of
these enzymes with noticeable changes in the permeability of the liver membrane.?’

An elevated creatinine level in the serum of treated monkeys was also noted that shows an impaired kidney
function.”®?° Our results confirmed the findings of previous studies on chronic FPN exposure in rats, which affected
the thyroid, liver and kidney.’*”' Serum biochemical and other hematological parameters are used as biomarkers to
evaluate the toxic stress, internal homeostasis, and functional status of the living organisms.*>** In fishes, exposure to
pesticides leads to a decrease in hematological indices, which is an indication that anemia might be due to chemosynth-
esis, osmoregulatory dysfunction or an increase in erythrocyte destruction in the hematopoietic organs.*** In the present
study, there was a decrease in Hb and RBC count of adult monkeys upon exposure to the field spray concentration of
FPN in an inhalation chamber. Such results indicate definitive anemia. These results show a similarity with already
published literature on Nile tilapia exposed to sub lethal concentrations of FPN.*® We observed the significant increase in
the WBC count in all FPN treated monkeys. The increase in WBC count in treated monkeys, reflects the hypersensitivity
of WBC to FPN exposure.®” An increase in WBC count was also reported in Cyprinus carpio fry.*® A leukocyte increase
might be due to the immunological response by the tissues.

Furthermore, in this pesticide exposure-response, we observed a significant increase in blood glucose level in FPN
treated monkeys. Glucose is one of the most susceptible indicators of stress. A high blood glucose level is an
indication that the animal is in a stressed state and using its storage glycogen in liver and muscles.*” Stress hormones,
like corticosterone, trigger the glycogenolysis and gluconeogenesis that cause an increase in glucose level of an animal
under stress.*” Similar to our study, an increase in serum glucose level has already documented in fish under stress
conditions.*’ The increase in glucose level in the rhesus monkeys is an indication of induced toxicity to the animals
and stress.

In our experiment we observed physiological parameters like, PO,, RR, HB, Hb, BP, and RT. There was a significant
difference in the pre- and post-exposure measurements. PO, measurement reflects the Hb content and oxygen supply to
the tissues of the body. Our findings on the difference in pre- and post-values of RR, PO,, and HB support the decrease in
both RBC and Hb, indicating the anemic condition of the treated monkeys. There was a noticeable decrease in rectal
temperature of the treated animals.

Limitations of the Study

The present study has assessed the toxicological effect of FPN in higher animals, in this case rhesus monkeys, and
provided an insight for the risk evaluation of FPN exposure to care-free agro-workers while they are spraying
pesticides in the field. However, these experiments provide only an initial evaluation toward FPN toxicity. The
study does not include tissue and cell level validation. Therefore, it is important to look further, with in-depth
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molecular exploration of FPN at the tissue level and its action on other bodily systems, eg, the central nervous
system.

Conclusion

In conclusion, the present study demonstrates that inhalation of field spray concentration of FPN is very toxic and
imposed serious clinical problems on the physiology of the treated animals (rhesus monkeys). It damaged the liver and
kidney of the rhesus monkeys. As monkeys are beings used as physiological human surrogates, so the findings highlight
the risk of FPN toxicity in intentionally unprotected agro-workers during spraying in the field. The study has raised
special concerns to promote community education about the right and safe use of these pesticides. We encourage further
studies to investigate the harmful effects of FPN on the environment and its collateral damage to living organisms.
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FPN, fipronil; EDTAA, ethylenediamine tetraacetic acid; ATL, alanine transaminase; AST, aspartate aminotransferase;
PO,, partial pressure of oxygen; RR, respiration rate; HB, heartbeat; Hb, hemoglobin; BP, blood pressure; RT, rectal
temperature; RBC, red blood cell; WBC, white blood cells; CBC, complete blood count.
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