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Abbreviations: KR, kratom (Mitragyna speciosa); KR, kratom; 
PTZ, pentylenetetrazole; NE, norepinephrine; 5HT, serotonin; MOR, 
mu-opioid receptor

Introduction
Kratom, Mitragyna speciosa, is used in Southeast Asia as a 

stimulant, as an opioid-like analgesic, and as a sedative.1–4 Recreational 
use of Kratom has gained popularity in the last decade5 as an opioid 
substitute, and it is readily accessible. Kratom consumption has 
resulted in severe effects such as seizures, withdrawal, hallucinations, 
coma, and cardiac or respiratory arrest.6,7 A small number of deaths 
are linked to kratom products, and nearly all cases involve other drugs 
or contaminants.8,9

Zebrafish is increasingly popular in modeling human brain 
disorders, including drug addiction.10,11,12 There are safety questions on 
KR use; thus, we examined the effects of KR on pentylenetetrazole-
induced seizures. Furthermore, we tested the reputed anxiolytic effects 
of KR, using the open-field behavior and sociability (“shoaling”).

Material and methods
Chemicals Pentylenetetrazole (PTZ) was obtained from Sigma-
Aldrich. All stock solutions were prepared in deionized water. Kratom 
(crushed leaves) – Super Powder was obtained from The Iamshaman 
Shop (https://www.iamshaman.com). 

Animals: Adult 4 to 6-month-old male and female wild-type 
zebrafish (Danio rerio) were obtained from Caribe Fisheries, Inc. 
(Lajas, Puerto Rico). Deionized tap water supplemented with 60 
mg/L Instant Ocean® Sea Salt (Spectrum) was used in the aquaria. 
Fish tanks were maintained with constant mechanical and biological 
filtration and aeration. The water temperatures were maintained at 25– 
27°C using water heaters. Illumination (572 ± 20 lx) was provided 
by ceiling-mounted fluorescent light tubes on a 14h light/10-h dark 
cycle. Animals were fed twice daily with a 1:1 mixture of flake food 
–Tetramin® Tropical fish flake food (Tetra Co.) and Nutrafin Max® 
brine shrimp flakes formula and freeze-dried brine shrimp (Hagen Pet 

Food, Inc) [ 33]. All the experiments were approved by the University 
of Puerto Rico – Medical Sciences Campus, Institutional Animal Care 
and Use Committee.

Kratom extract: Freshly (daily) crushed leaves were extracted in 
70% ethanol at 25°C and agitated for 1 hour at room temperature (22-
24ºC) daily. The extract was then decanted. “Aged” extracts are fresh 
extracts stored in a refrigerator (2-4 ºC) for at least 21 days.

PTZ Seizures 

The latency to the abrupt movements followed by loss of posture 
(“seizures”) was determined from randomly selected untreated 
zebrafish placed for 1 hour in a 15 ml chamber with different Kratom 
concentrations prepared in aquarium water. After this, animals were 
transferred to a transparent tank with a final volume of 100 mL of PTZ 
(3mg/mL/22 mM) prepared in aquarium water. Experiments were 
recorded using an Olympus FE340 camera.13

Open-field (“anxiety”) Behavioral testing occurred in three fish 
groups between 9:00 and 17:00 h during the light cycle. At least 
two fish had to be in one of the compartments to determine their 
preference. Zebrafish were placed in the center of an acrylic chamber 
36.5 cm by 36.5 cm. divided into 6 cm by 6 cm squares, and recorded 
for 5 minutes. Zebrafish swimming behavior was recorded in a top-
view for 5 minutes. Zebrafish movements were monitored to ensure 
the animals were active and not sedated. The percentage of time spent 
by the group in the center of the arena (“anxiety”) was quantified and 
expressed as a percentage of total time.

“Dispersion” (loss of shoaling) The experiment was performed 
in the open field; however, the loss of group cohesion was quantified. 
“Dispersion” was defined as departing more than 2 “fish length” 
(approximately 7 cm) from the other fishes.

Statistical Analysis: Data were normalized to the control mean and 
expressed as mean values ± standard error of the mean (SEM) of at 
least three independent experiments (12-15 fishes). Curve fitting and 
statistics were performed using GraphPad Prism 9.4 (https://www.
graphpad.com/scientific-software/prism).
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Abstract

Kratom (Mitragyna speciosa) is used as a stimulant, an opioid-like analgesic, and a 
sedative. However, Kratom consumption has profound effects, such as seizures, withdrawal, 
hallucinations, coma, and cardiac or respiratory arrest. We tested Kratom’s effects on 
pentylenetetrazole-induced seizures in adult zebrafish (D rerio) using hydroethanolic 
Kratom extracts. Kratom extracts have pro-convulsant effects at low concentrations (10-4-
10-1 mg/mL), while sedation occurs at higher concentrations. In the open-field test, Kratom 
has no anxiolytic effects; however, “social” behavior was lost at high concentrations (1.0 
mg/mL). Our results confirm the possible proconvulsant role of Kratom while questioning 
its anxiolytic effects.
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Results
Figure 1A shows the effects of different Kratom concentrations 

on seizure latency induced by PTZ Fresh KR extracts markedly 
reduce seizure latency at low concentrations (10-4-10-1 mg/mL). 
However, at 1.0 mg/m, the proconvulsant effects are lost. Latency at 
higher concentrations could not be tested because of the excessive 
sedation. In contrast, Fig 1B shows that «aged» KR extracts lose the 
proconvulsant effects, becoming anticonvulsant at 0.01 mg/ mL or 
higher.

Figure 1a Pentylenetetrazole-induced seizure latency. At low doses, Kratom 
decreases the seizure latency. However, at high doses, the effects of Kratom 
on seizure latency are lost.

Figure 1b: possibly because of sedation. (* p < 0.05, ** p< 0. 01, ** p < .001, 
*** p < 0.001, **** p < 0. 0001 vs 100 % control).

Kratom did not affect the time spent in the central area of the open 
field arena shown in Figure 2A. In contrast, “dispersion” (shoaling) 
was lost at 1mg/mL Figure 2B.

Figure 2A

Figure 2B

Figure 2A Kratom extracts do not alter the open-field behavior in the 
zebrafish. In contrast, Figure 2B shows that Kratom causes shoal “dispersion” 
at 1.0 mg/mL (p < 0.01 vs 0 mg/ml Kratom).

Discussion
Pain management, opioid withdrawal, and fatigue are among 

Kratom’s traditional uses.1,14 However, liver toxicity, seizures, and 
death have been reported.15,16 Furthermore, Kratom may potentiate 
the toxicity of co-administered medications through modulation 
of cytochrome P450, P-glycoprotein, and uridine diphosphate 
glucuronosyltransferase enzymes.17,18

Kratom induces analgesia and mild euphoria, yet with a lower 
risk of respiratory depression or adverse central nervous system 
effects than conventional opioids, prompting its use in managing the 
opioid crisis.19,4,20 Its effects and safety have resulted in national and 
international attention due to increased hospital visits and deaths in 
several countries.21

Mitragynine and its metabolite, 7‑Hydroxymitragynine, interact 
with opiate receptors and are credited with Kratom’s effects.22,23,24 

Mitragynine is a low-affinity antagonist in human mu-opioid receptor 
(MOR) in vitro, whereas 7-hydroxymitragynine acts as a partial 
agonist and has a 9-fold higher affinity than mitragynine.24 Recent 
studies24,25,17 attribute Kratom’s reduced respiratory depression to the 
lack of interaction of mitragynine and several related compounds with 
the β-arrestin-2 signaling pathway. Kratom also interacts with NE and 
5HT,26,27 and could be mediating the euphoriant, antidepressant, and 
antipsychotic effects.28 Seizures are among Kratom’s symptoms.29 Our 
results are consistent with the proconvulsant effects of “fresh” Kratom 
extracts. The sedative effects observed at greater than 0.5 mg/ml KR 
could be “masking” its proconvulsant effects. This interpretation is 
indirectly supported by the results of the “aged” KR anticonvulsant 
effects. 

Zebrafish form social groups, “shoals”.30 The highly social nature 
of this species makes zebrafish particularly useful for examining 
the complexity of social behaviors and underlying biological 
mechanisms.12,31 On the other hand, KR alters social interactions at 
high concentrations. Alternatively, the loss of shoaling could reflect 
the effects of sedation. Using the open-field test, we could not find 
evidence for the anxiolytic effects attributed to KR. Commercial 
Kratom products are likely to contain artificially elevated 
concentrations of 7-hydroxymitragynine (among others), stressing 
the importance of increased dietary supplement oversight of Kratom-
containing supplements.32,33 Moreover, our “aged” Kratom results 
suggest that the stability of different preparations may be a significant 
parameter in the reported effects and mechanistic studies. 

Conclusion
Ethanolic Kratom extracts have proconvulsant effects (10-4-10-1 

mg/mL), while at 1 mg/mL, severe sedation is observed. We could not 
detect its reputed anxiolytic effects.

Acknowledgments
E.A. Suarez-Zayas was sponsored by REU-CRIB Program 

University of Puerto Rico Rio Piedras.

Conflicts of interest
The authors declare that they have no conflicts of interest.

References
1.	 Suwanlert S. A study of Kratom eaters in Thailand. Erowid. 

1975;27(3):21–27.

2.	 Prozialeck WC. Update on the pharmacology and legal status of Kratom. 
J Am Osteopath Assoc. 2016;116(12):802–809.

https://doi.org/10.15406/ppij.2024.12.00436
http://www.erowid.org/plants/kratom/kratom_journal3.shtml
http://www.erowid.org/plants/kratom/kratom_journal3.shtml
https://pubmed.ncbi.nlm.nih.gov/27893147/
https://pubmed.ncbi.nlm.nih.gov/27893147/


Kratom (Mitragynia speciosa), seizure latency, anxiety, and “social” behavior in the zebrafish 73
Copyright:

©2024 Peña-Jiménez et al.

Citation: Peña-Jiménez JA, Suárez-Zayas EA, Licier R, et al. Kratom (Mitragynia speciosa), seizure latency, anxiety, and “social” behavior in the zebrafish. Pharm 
Pharmacol Int J. 2024;12(2):71‒73. DOI: 10.15406/ppij.2024.12.00436

3.	 Veltri C, Grundmann O. Current perspectives on the impact of Kratom 
use. Subst Abuse Rehabil. 2019;10:23–31.

4.	 Garcia-Romeu A, Cox DJ, Smith KE, et al. Kratom (Mitragyna 
speciosa): User demographics, use patterns, and implications for the 
opioid epidemic. Drug Alcohol Depend. 2020b;208:107849.

5.	 Hartley C, Bulloch M, Penzak SR. Clinical pharmacology of the 
dietary supplement Kratom (Mitragyna speciosa). J Clin Pharmacol. 
2022;62(5):577–593.

6.	 Eggleston W, Stoppacher R, Suen K, et al. Kratom use and toxicities in 
the United States. Pharmacotherapy. 2019;39(7):775–777.

7.	 Grundmann O, Babin J K, Henningfield JE, et al. Kratom use in the United 
States: a diverse and complex profile. Addiction. 2021;116(1):202–203.

8.	 Fluyau D, Revadigar N. Biochemical benefits, diagnosis, and clinical 
risks evaluation of Kratom. Front Psychiatry. 2017;8:62.

9.	 Palamar JJ. Past-year Kratom use in the U.S.: Estimates from a nationally 
representative sample. Am J Prev Med. 2021;61(2):240–245.

10.	 Henningfield JE, Wang DW, Huestis MA. Kratom abuse potential 2021: 
An updated eight factor analysis. Front Pharmacol. 2022;12:775073.

11.	 Khan KM, Collier AD, Meshalkina DA, et al. Zebrafish models in 
neuropsychopharmacology and CNS drug discovery. Br J Pharmacol. 
2017;174(13):1925–1944.

12.	 Shams S, Rihel J, Ortiz JG, et al. The zebrafish as a promising tool 
for modeling human brain disorders: A review based upon an IBNS 
Symposium. Neurosci Biobehav Rev. 2018;85:176–190.

13.	 Torres-Hernández BA, Del Valle-Mojica LM, Ortíz JG. Valerenic acid 
and Valeriana officinalis extracts delay onset of Pentylenetetrazole 
(PTZ)-Induced seizures in adult Danio rerio (Zebrafish). BMC 
Complement Altern Med. 2015;15:228.

14.	 Warner ML, Kaufman NC, Grundmann O. The pharmacology and 
toxicology of Kratom: from traditional herb to drug of abuse. Int J Legal 
Med. 2016;130(1):127–138.

15.	 Nelsen JL, Lapoint J, Hodgman MJ, et al. Seizure and coma following 
Kratom (Mitragynina speciosa Korth) Exposure. J Med Toxicol. 
2010;6(4):424–426.

16.	 Tatum WO, Hasan TF, Coonan EE, et al. Recurrent seizures from 
chronic Kratom use, an atypical herbal opioid. Epilepsy Behav Case 
Reports. 2018;10:18–20.

17.	 Kamble SH, Sharma A, King TI, et al. Exploration of cytochrome P450 
inhibition mediated drug-drug interaction potential of kratom alkaloids. 
Toxicol Lett. 2020;319:148–154.

18.	 Tanna RS, Tian DD, Cech NB, et al. Refined prediction of 
pharmacokinetic Kratom-drug interactions: Time-dependent inhibition 
considerations. J Pharmacol Exp Ther. 2021;376(1):64–73.

19.	 Singh D, Müller CP, Vicknasingam BK. Kratom (Mitragyna speciosa) 
dependence, withdrawal symptoms and craving in regular users. Drug 
Alcohol Depend. 2014;139:132–137.

20.	 Coe MA, Pillitteri JL, Sembower MA, et al. Kratom as a substitute 
for opioids: Results from an online survey. Drug Alcohol Depend. 
2019;202:24–32.

21.	 World Health Organization. Pre-Review Report: Kratom (Mitragyna 
speciosa), Mitragynine and 7-Hydroxymitragynine. 2021;44:11–15.

22.	 Kruegel AC, Uprety R, Grinnell SG, et al. 7-Hydroxymitragynine is an 
active metabolite of Mitragynine and a Key mediator of its analgesic 
effects. ACS Cent. Sci. 2019;5(6):992–1001.

23.	 Hanapi NA, Chear NJY, Azizi J, et al. Kratom alkaloids: interactions 
with enzymes, receptors, and cellular barriers. Front Pharmacol. 
2021;12:751656.

24.	 Todd DA, Kellogg JJ, Wallace ED, et al. Chemical composition 
and biological effects of Kratom (Mitragyna speciosa): In vitro 
studies with implications for efficacy and drug interactions. Sci Rep. 
2020;10(1):19158.

25.	 Gutridge AM, Robins MT, Cassell RJ, et al. G protein-biased kratom-
alkaloids and synthetic carfentanil-amide opioids as potential treatments 
for alcohol use disorder. Br J Pharmacol. 2020;177(7):1497–1513.

26.	 Johnson LE, Balyan L, Magdalany A, et al. The potential for Kratom as 
an antidepressant and antipsychotic. Yale J Biol Med. 2020;93(2):283–
289.

27.	 Zweifel HR, Browne J, Levine JM. A case of a mixed overdose involving 
Kratom (Mitragyna speciosa) leading to serotonin syndrome. Med Sci 
Discov. 2021;8(12):735–737.

28.	 Swogger MT, Walsh Z. Kratom use and mental health: A systematic 
review. Drug Alcohol Depend. 2018;183:134–140.

29.	 Afzal H, Esang M, Rahman S. A case of Kratom-induced seizures. 
Cureus. 2020;12(1):e6588.

30.	 Miller N, Gerlai R. Quantification of shoaling behaviour in zebrafish 
(Danio rerio). Behav Brain Res. 2007;184(2):157–166.

31.	 Maximino C, Da Silva AWB, Araujó J, et al. Fingerprinting of 
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