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Abstract

Background and Objectives—7-Hydroxymitragynine (7-HMG) is an oxidative metabolite of 

mitragynine, the most abundant alkaloid in the leaves of Mitragyna speciosa (otherwise known as 

kratom). While mitragynine is a weak partial μ-opioid receptor (MOR) agonist, 7-HMG is a potent 

and full MOR agonist. It is produced from mitragynine by the cytochrome P450 (CYP) 3A, a 

drug-metabolizing CYP isoform predominate in the liver that is also highly expressed in the 
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intestine. Given the opioidergic potency of 7-HMG, a single oral dose pharmacokinetic and safety 

study of 7-HMG was performed in beagle dogs.

Methods—Following a single oral dose (1 mg/kg) of 7-HMG, plasma samples were obtained 

from healthy female beagle dogs. Concentrations of 7-HMG were determined using ultra-

performance liquid chromatography coupled with a tandem mass spectrometer (UPLC-MS/MS). 

Pharmacokinetic parameters were calculated using a model-independent non-compartmental 

analysis of plasma concentration-time data.

Results—Absorption of 7-HMG was rapid, with a peak plasma concentration (Cmax, 56.4 ± 1.6 

ng/mL) observed within 15 min post-dose. In contrast, 7-HMG elimination was slow, exhibiting a 

mono-exponential distribution and mean elimination half-life of 3.6 ± 0.5 h. Oral dosing of 1 

mg/kg 7-HMG was well-tolerated with no observed adverse events or significant changes to 

clinical laboratory tests.

Conclusions—These results provide the first pharmacokinetic and safety data for 7-HMG in the 

dog, and therefore contribute to the understanding of the putative pharmacological role of 7-HMG 

resulting from an oral delivery of mitragynine from kratom.

1 Introduction

Opioids are the most widely prescribed analgesics [1, 2]. The increased use and misuse of 

opioids over the last few decades has become a major public health concern [3]. There has 

been increased scrutiny of medicinal plants as alternatives to opium and its constituents 

(such as morphine) for the relief of chronic pain and self-treatment of opioid use disorder. 

Mitragyna speciosa (Korth.), also known as kratom, is a tree native to Southeast Asia that is 

used to alleviate pain, stimulate mood, and lessen symptoms of opioid withdrawal [4–6].

The most abundant alkaloid present in dried kratom leaves is mitragynine, which typically 

represents ~1% of the overall weight of dry leaves and is typically found in ranges of 0.7–

38.7% w/w of commercial kratom products in the United States formulated as dried leaves, 

alcoholic extracts, and alkaloid fractions [7]. Because of its relatively high abundance, 

mitragynine plays an important role in the psychopharmacological activity of kratom [8]. In 

contrast, the amount of 7-hydroxymitragynine (7-HMG) is much lower and represents 

<0.01% w/w of fresh Malaysian kratom samples, although some reports have demonstrated 

~2% w/w in the kratom products available in the United States [9]. Although 7-HMG is 

present in much smaller amounts than mitragynine in kratom products, it has a much greater 

affinity for the MOR than mitragynine (Ki= 7.2 ± 0.9 nM vs 161 ± 10 nM, respectively), and 

is considerably more potent at activating μ-opioid receptor (MOR) G-protein signaling [10–

13]. It is also an oxidative metabolite of mitragynine that is formed following the 

consumption of kratom [13–15]. Cytochrome P-450 (CYP) 3A enzymes play an important 

role in the metabolic conversion of mitragynine to 7-HMG [16]. CYP 3A enzymes are 

highly expressed in the liver and intestine, and CYP 3A mediated metabolic conversion of 

mitragynine to 7-HMG in enterocytes leads to a higher exposure of 7-HMG when 

mitragynine is administered orally versus intravenously [14]. Following an oral mitragynine 

dose in dogs, the area under the curve of 7-HMG represented 12.6% of that of mitragynine 

[14], suggesting it may considerably contribute to the MOR agonism associated with 
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mitragynine administration. This study therefore seeks to examine the pharmacokinetics, 

and in particular the elimination rate of 7-HMG by administering it as a single oral dose to 

healthy female dogs.

2 Materials and Methods

2.1 Reagents and Chemicals

Mitragynine (purity ≥ 98%) was isolated and purified from a commercially available organic 

alkaloid rich extract of kratom, and 7-HMG (purity ≥ 98%) was semi-synthesized from 

mitragynine. Both mitragynine and 7-HMG were characterized for chemical structure, and 

purity was determined as reported in our earlier published papers [14]. Heparin, protease 

inhibitor cocktail, LC-MS grade acetonitrile, methanol, formic acid, and water were 

purchased from Fisher Scientific (Fair Lawn, NJ, USA). Verapamil (purity ≥ 98%) was 

obtained from Acros Organics (Geel, Belgium). Heparinized pooled dog plasma was 

procured from Innovative Research, Inc (Novi, MI, USA).

2.2 Quantitative analysis of 7-HMG in dog plasma

Our earlier reported, validated bioanalytical method for the simultaneous quantification of 

mitragynine and 7-HMG was utilized for the analysis of dog plasma samples with the only 

modification being the addition of a protease inhibitor cocktail along with heparin to the 

sample collection tubes to reduce the possible metabolism of 7-HMG in dog plasma [14, 

17]. During bench-top stability studies, 7-HMG showed a trend of instability but within the 

FDA limits (±15%, Supporting Table 1). Addition of protease inhibitor cocktail was used to 

slow down the metabolism process in plasma after blood sampling. In brief, a Waters 

Acquity UPLC I-Class Plus and Xevo TQ-S Micro triple-quadrupole mass spectrometer 

(Waters, Milford, MA) were used for the quantitative analysis of 7-HMG in dog plasma. 

Mass spectrometric detection was achieved using multiple reaction monitoring (MRM) 

mode to monitor precursor to product ion (m/z) transitions m/z 415.19 > 175.14 and 455.27 

> 150.10 for 7-HMG and internal standard (verapamil, IS), respectively. Source parameters; 

namely, cone gas flow, desolvation gas flow, desolvation temperature, source temperature, 

and capillary voltage were set at 50 L/h, 900 L/h, 450°C, 150°C, and 0.5 V, respectively. 

Chromatographic separations were achieved on a Waters Acquity UPLC BEH C18 column 

(2.1 × 100 mm, 1.7 μm) preceded by a Van Guard pre-column (2.1 × 5.0 mm, 1.7 μm) using 

a gradient elution (0.35 mL/min) of 0.1% v/v formic acid in water (pump A) and acetonitrile 

(pump B). Gradient elution began with pump A supplying 80% until 0.5 min, and 

composition of A in mobile phase linearly decreased to 68 and 62% at 2.2 and 3.5 min, 

respectively. At 3.6 min composition of A was returned to 80% and maintained at 80% until 

5.5 min to re-equilibrate the column. Methanol containing 0.05% v/v formic acid and the IS 

(10 ng/mL) was used as a quenching solution for plasma sample cleanup. The linearity of 

the method was 1–200 ng/mL, and test samples were analyzed along with freshly prepared 

calibration and quality control standards.

2.3 Pharmacokinetics and safety of 7-HMG in dogs

A single oral dose (1 mg/kg, N=3) pharmacokinetic study of 7-HMG was performed in 

purpose-bred research female beagles, with a mean age of 2.5 years, weighing 8.8–10.3 kg. 
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Dogs were housed in a temperature and light-controlled environment. All dogs were fasted 

overnight and were fed 2 h post-dose. Prior to the start of the study, a central intravenous 

line was placed in the right or left jugular vein of each dog. Heparinized saline was used to 

maintain the patency of the canula. Complete blood count (CBC) and serum biochemical 

panels were performed prior to and at the end of the study. Hematologic abnormalities were 

graded in accordance with the VCOG Common Terminology Criteria for Adverse Events 

(VCOG-CTCAE) v 1.0.14 [18]. Clinical monitoring of vital signs (mentation, temperature, 

heart rate, and respiratory rate) began 5 min after the administration of 7-HMG. General 

health was assessed throughout the course of the study period, including food and water 

consumption, elimination, activity level, and subjective clinical observations of attitude, 

level of consciousness, and hydration. Formulation was prepared fresh by dissolving 7-HMG 

in water and this solution was analyzed for 7-HMG content. For the oral pharmacokinetic 

study, blood samples (1 mL) were collected from the central line at pre-dose, and 0.083, 

0.25, 0.50, 0.75, 1, 2, 4, 6, 8, and 12 hr post-dose. Blood samples were collected in labeled 

protease inhibitor cocktail and heparin-coated tubes, and plasma was harvested after 

centrifugation at 1500 rpm for 5 min. The collected plasma samples were stored at −80°C 

until analysis using UPLC-MS/MS method. Plasma concentration-time data were subjected 

to non-compartmental analysis to calculate the pharmacokinetic parameters for 7-HMG 

using Phoenix 6.4® (Certara, Princeton, NJ, USA).

3 Results

Following the oral dose of 7-HMG (1 mg/kg), female dogs were observed for behavioral 

changes and adverse events. There were no major behavioral changes or adverse events 

noted. No clinically significant changes in vital signs, physical examinations, or clinical 

laboratory tests were observed. Mean CBCs obtained following the study remained within 

normal reference ranges and were similar to baseline values (Table 1). Mean biochemical 

parameters obtained after the completion of the study were also largely within reference 

ranges and similar to baseline values (Table 1).

After oral dosing of 7-HMG, absorption occurred rapidly and the plasma concentrations 

remained quantifiable (> 1 ng/mL) up to 12 h post-dose (Figure 1). The peak plasma 

concentration (Cmax, 56.4 ± 1.6 ng/mL) was observed at 0.14 ± 0.1 h (Tmax) post-dose 

(Table 2). Due to the insufficient data points available in absorption phase, we were unable 

to fit a pharmacokinetic model using compartmental approach. To overcome the errors 

associated with compartmental modeling, concentration-time data was subjected to non-

compartmental analysis. Following the oral dose, elimination half-life (T1/2) of 7-HMG (3.6 

± 0.5 h) was 2.4-fold lower than that of mitragynine (8.7 ± 0.2 h, [14]). The clearance (Cl/F) 

and volume of distribution (Vd/F) for 7-HMG were 4.4 ± 0.6 L/h/Kg and 23.8 ± 6.7 L/Kg, 

respectively. The area under the plasma concentration-time curve (AUC) of 7-HMG 

following a single oral dose of 7-HMG was compared to the AUC of 7-HMG formed after a 

single oral dose of mitragynine. A 2.5-fold lower dose-normalized systemic exposure of 7-

HMG (AUC/Dose) was observed compared to mitragynine (178.6 ± 25.9 vs 443.3 ± 33.4 

h·kg·ng/mL/mg, respectively [14]). The exposure of 7-HMG after mitragynine dosing due to 

metabolism corresponds to a 0.24 mg/kg dose of 7-HMG indicating a 23.1% conversion of 

mitragynine to 7-HMG in beagle dogs [14].
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4 Discussion

The dose of 7-HMG used in this study was well tolerated with no adverse events or major 

abnormalities in clinical parameters. Mild hypoglycemia that was noted in the pre-dose 

samples is most likely due to an artifact resulting from a delay in sample processing, and 

less likely due to fasting. Taking into consideration the pharmacokinetic data of mitragynine 

in dogs reported previously by our group using similar experimental conditions [14], we 

adjusted our protocol and included earlier time points (5, 15, and 30 min) after dosing; 

however, the Cmax occurred very rapidly (i.e., within two blood withdrawals) and we were 

unable to capture the absorption phase. The dose-normalized peak plasma concentration for 

7-HMG (Cmax/Dose, 56.4 ± 1.6 ng/mL) is equivalent to mitragynine (Cmax/Dose, 55.6 ± 9.5 

ng/mL) in dogs but that study showed multiple peak maxima in mitragynine concentrations, 

while, 7-HMG showed a clean mono-exponential concentration-time profile with a single 

Cmax [14]. 7-HMG showed longer elimination half-life after oral dose of mitragynine than 

that of after 7-HMG oral dosing, possibly due to the formation limited pharmacokinetics of 

7-HMG after mitragynine dosing. Formation of 7-HMG from mitragynine in kratom could 

result in significant systemic exposure of this potent opioid due to conditions such as 

prolonged intestinal exposure.

A comparatively higher polar surface area and lower log P of 7-HMG compared to 

mitragynine may have limited its distribution to the peripheral compartments which, in turn, 

may have led to the mono-exponential distribution. In contrast, mitragynine exhibited a 

multiexponential profile after Cmax. Manda et al. (2014) reported that 7-hydroxymitragynine 

metabolized about 45% to mitragynine in human liver microsomes but we did not observe 

any conversion of 7-hydroxymitragynine to mitragynine in dogs [22]. Dogs were chosen as a 

preclinical species for pharmacokinetic testing due to their well-understood physiology and 

similarities to humans [19]. Pharmacokinetic studies were conducted in female dogs, but 

gender-related variations in 7-HMG pharmacokinetics are not anticipated due to identical 

CYP3A/CYP3A12 expression in male and female dogs [20, 21]. Derived pharmacokinetic 

parameters of 7-HMG from this study can be scaled allometrically along with the 

pharmacokinetic parameters of mitragynine to predict the dose of mitragynine while 

designing the first in human study.

5 Conclusions

The present study revealed that 7-HMG has rapid absorption and a moderate elimination 

half-life following an oral dose in healthy beagle dogs. Our data also suggest that the amount 

of 7-HMG formed by the metabolism of 1 mg mitragynine (oral dose) is equivalent to 0.24 

mg of orally dosed 7-HMG. Considering the comparatively limited capability of 7-HMG to 

cross the blood-brain barrier compared to mitragynine, the metabolism of mitragynine 

within the brain is potentially required for the 7-HMG mediated central activation of MORs. 

As 7-HMG is 10–20 fold more potent at the MOR than mitragynine, the 1 part per 4 parts 

formation from the dosed mitragynine (or kratom) suggests that some of the peripheral 

MOR activation following the oral ingestion of kratom may be attributable to 7-HMG. The 

pharmacokinetics of 7-HMG detailed in this study will contribute to our understanding of 

the overall pharmacologic activity of mitragynine and by extension, kratom.
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Key Points

Oral dose of 7-hydroxymitragynine (7-HMG), an active metabolite of mitragynine, was 

well tolerated in beagle dogs

7-HMG showed fast absorption, and peak plasma concentration was observed within 15 

min post-dose

Exposure of 7-HMG after mitragynine oral dosing is equivalent to a 0.24 mg/kg dose of 

7-HMG
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Fig. 1. 
Mean plasma concentration-time profile of 7-hydroxymitragynine after single oral dose in 

female beagle dogs (N = 3). Error represent SEM
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Table 1.

Mean complete blood count parameters before and after oral (1 mg/kg) administration of 7-

hydroxymitragynine.

Parameter (Reference Range)
Oral

a

Pre-dose Post-dose

Complete Blood Count

WBC (5.0–13.0 K/μL) 7.1 ± 1.0 8.6 ± 0.9

RBC (5.7–8.3 M/μL) 7.1 ± 0.2 7.6 ± 0.2

Hct (40–56 %) 47.6 ± 0.8 52.5 ± 1.1

MCV (64–74 fL) 67.3 ± 0.5 69.2 ± 0.6

Platelets 134–396 K/μL) 365.0 ± 66.5 258.7 ± 37.4

Neutrophils (2.7–8.9 K/μL) 4.0 ± 0.6 5.5 ± 1.0

Lymphocytes (0.9–3.4 K/μL) 2.4 ± 0.7 2.2 ± 0.3

Monocytes (0.1–0.8 K/μL) 0.4 ± 0.2 0.4 ± 0.1

Eosinophils (0.1–1.3 K/μL) 0.3 ± 0.1 0.4 ± 0.1

Basophils (0–0.1 K/mL) 40.0 ± 20.0 50.0 ± 10.0

Biochemistry

ALP (7–117 U/L) 30.3 ± 6.0 31.3 ± 4.0

ALB (2.62–3.91 g/dL) 3.3 ± 0.2 3.5 ± 0.2

ALT (23–93 U/L) 28.7 ± 7.2 29.0 ± 3.0

AST (16–53 U/L) 28.7 ± 5.5 26.0 ± 3.0

Chol (102–340 mg/dL) 218.0 ± 52.2 228.0 ± 47.8

Glob (1.8–4.0 g/dL) 2.6 ± 0.2 2.6 ± 0.2

Glucose (78–124 mg/dL) 52.7 ± 10.7 94.3 ± 6.7

Magnesium (1.7–2.4 mg/dL) 2.2 ± 0.2 2.3 ± 0.1

Phosphorus (2.2–4.8 mg/dL) 5.0 ± 0.3 5.3 ± 0.8

Total Protein (5.0–7.4 g/dL) 5.9 ± 0.1 6.1 ± 0

Calcium (8.7–10.4 mg/dL) 9.9 ± 0.2 10.3 ± 0.1

Sodium (141.9–150.6 mEq/L) 148.9 ± 2.5 148.7 ± 1.1

Potassium (3.8–5.0 mEq/L) 4.5 ± 0.3 4.8 ± 0.1

T Bilirubin (0.1–0.4 mg/dL) 0.2 ± 0.1 0.2 ± 0

Chloride (107.8–117.1 mEq/L) 111.5 ± 2.6 110.4 ± 0.3

Creatinine (0.6–1.5 mg/dL) 0.9 ± 0.2 0.9 ± 0.1

BUN (7–27 mg/dL) 31.0 ± 3.6 24.0 ± 1.0

a
N = 3, values are mean ± SEM
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Table 2.

Pharmacokinetic parameters of 7-hydroxymitragynine after oral (1 mg/kg) dose in female beagle dogs
a

Parameter Oral

Cmax (ng/mL) 56.4 ± 1.6

Tmax (h) 0.14 ± 0.1

AUC0-inf (h·ng/mL) 178.6 ± 25.9

Cl/F (L/h/Kg) 4.4 ± 0.6

Vd/F (L/Kg) 23.8 ± 6.7

T1/2 (h) 3.6 ± 0.5

a
N = 3, values are mean ± SEM

Abbreviations: AUC0-inf = area under the plasma concentration-time curve from 0 to infinity, Cl= clearance, Cmax = plasma peak concentration, 

T1/2 = elimination half-life, Vd = volume of distribution, Tmax = time to reach Cmax, F = bioavailability fraction
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