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Abstract

Background: Botanical supplements have been proven to provide beneficial health effects. 

However, they can induce unintended adverse events such as hepatotoxicity. Oroxylum indicum 
extract (OIE, Sabroxy®) has several health benefits including anti-inflammatory, anti-arthritic, 

antifungal, antibacterial, and neuroprotective effects. It is currently unknown whether OIE has the 

potential to induce hepatotoxicity.

Purpose: In the current study, we sought to determine whether OIE can induce hepatotoxicity in 

C57BL/6J mouse model.

Methods: The male mice were fed powdered rodent food (control group) or powdered rodent 

food mixed with OIE (Sabroxy®, 500mg/kg) daily for 4 weeks. Following the treatment, we 

assessed liver histology and serum levels of biomarkers commonly associated with liver damage, 
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including alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline 

phosphatase (ALP).

Results: No significant alterations were observed in liver histology, and serum levels of ALT, 

AST, ALP, bilirubin, albumin, globulin and total protein in the OIE fed mice compared to the 

control mice.

Conclusion: Taken together, our results suggest that OIE, when fed at its physiologically 

relevant dosage, does not induce hepatotoxicity in C57BL/6J mice.
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Introduction

Botanical supplements (BS) are consumed globally as an alternative form of medicine, and 

are commonly acquired without any medical prescription 1. However, the majority of BS are 

not evaluated by regulatory bodies due to lack of federal regulations. Therefore, the exact 

makeup of ingredients in BS may not be described, resulting in uncertainty about the safety 

and toxicity of the majority of available BS. Although the full scope of BS-induced adverse 

effects remains to be determined, a number of reports showed an increasing incidence of BS-

induced hepatotoxicity 2. For example, Camellia sinensis (green tea extract), Hydroxycut® 

(a proprietary blend of BS), and Garcinia cambogia have been shown to induce liver injury 

as exhibited by increases in serum markers of liver function 3. Clinical chemistry and 

histopathology are the mainstay to detect various types of hepatic injury in pre-clinial animal 

studies. For example, serum levels of alanine aminotransferase (ALT) and aspartate 

aminotransferase (AST) are routinely used to detect hepatocellular injury. Similarly, serum 

levels of bilirubin and alkaline phosphatases are used to assess the hepatobiliary function 
4, 5. In addition, low levels of albumin, an important plasma protein produced by 

hepatocytes, may also indicate hepatic dysfunction 4, 5.

Oroxylum indicum (OI) is a genus of medium sized tree belonging to the plant family 

Bignoniaceae. It is native to tropical Asian countries, particularly India, Sri Lanka, 

Malaysia, China, Thailand, Philippines, and Indonesia 6. OI raw plant parts or OI extract 

(OIE) are commonly used in the traditional system of medicine for the prevention and 

treatment of several diseases 7, 8. For example, OI has been shown to exhibit antidiabetic 9, 

anti-arthritic 10 anti-hyperlipidemic 11, antioxidant 6, anti-inflammatory 12, anticarcinogenic 
13, antimicrobial 14, and anti-obesity 15 activities in both in vivo and in vitro studies. OI has 

also been shown to protect against β-amyloid-induced cell injury 16 and drug-induced renal 

injury 8, 17.

While OI and OIE have been shown to exhibit many beneficial effects, their potential toxic 

effects are not fully understood. Here, we set to determine whether the administration of a 

commercially available OIE Sabroxy®, which contains satandardiazed amounts of bioactive 

compounds, would induce hepatotoxicity in a rodent model by examining the key serum 

markers and histopahology indicative of liver injury.
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Materials and Methods

Materials:

OI extract (Sabroxy®) was provided by Sabinsa Corporation. (Sabroxy®), the Oroxylum 
indicum bark extract used in this investigation was prepared using the methods described in 

US patent number: US10555982B2 18. The identified active compounds in this extract 

included Oroxylin A, Baicalein, and Chrysin.

Animals and treatment:

8 week old male C57BL/6J mice weighing 25–35 g were housed in a temperature-controlled 

room with a 12-hour day and night cycle with access to food and water ad libitum. The mice 

received humane care and in vivo experiments were carried after obtaining appropriate 

approvals from Auburn University’s Institutional Animal Care and Use Committee 

(IACUC). Health benefits of OIE were studied using orally administered doses ranging from 

100 to 500 mg/kg/day of Sabroxy® in rodents 10, 19–21. To determine the potential 

hepatotoxic effect of OIE, the treatment group mice (n=6) were fed daily for 4 weeks with 

500 mg/kg Sabroxy® mixed in the powdered rodent food. The control group of mice (n=6) 

were fed the powdered rodent food without Sabroxy® for 4 weeks.

Tissue collection and processing:

After 4 weeks of treatment, the mice from both groups were euthanized through CO2 

asphyxiation followed by secondary decapitation. Blood was collected immediately after 

decapitation and serum was separated for serum biomarker analysis. The mice livers were 

collected and processed for histological analysis.

Serum biomarker Analysis:

Serum ALT and AST concentrations were measured using a colorimetric enzymatic assay 

established and validated on the c 311 biochemistry analyzer (Roche, Indianapolis, Indiana) 

at the Auburn University Clinical Pathology Laboratory. Serum was also used to test for 

other markers indicative of hepatotoxicity such as total protein, albumin, and globulin. 

Serum ALP and bilirubin levels were also assessed using the same method used for ALT and 

AST measurement.

Liver histology analysis:

The liver sections were collected from various liver lobes, fixed in 10% neutral buffered 

formalin and paraffin embedded. 5 μm thick liver sections were cut and stained with H&E 

for histological assessment.

Data and statistical analysis:

Data are shown as mean values ± SEM. Analyses were performed using Prism-V software 

(La Jolla, CA, USA). The significance of the differences between groups was evaluated by 

Students t-test. P-value of < 0.05 were determined to be statistically significant.
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Results

Effect of OIE treatment on liver histology:

OIE treatment did not result in a noticeable change in the liver histology as shown by H&E 

staining (Figure 1).

Effect of OIE treatment on serum biomarkers of liver function:

OIE treatment did not significantly alter the serum levels of ALT, AST, ALP, bilirubin, 

albumin, globulin, and total protein (Figure 2).

Discussion

In this study, we showed that the administration of Sabroxy® at the dose of 500 mg/kg/day 

for 4 weeks does not induce hepatotoxicity in C57BL/6J male mice. After treatment, there 

was no significant change in serum biomarkers including liver transaminases, albumin, 

bilirubin, and ALP which are commonly used to detect liver injury. Similarly, Sabroxy® 

supplementation did not lead to histopathological changes in the liver of mice.

Different parts of OI plant, including stem, bark, roots, leaves, and fruits have been shown to 

exhibit a variety of health benefits 6, 9–15, 19. OIE may display differential biological effects 

depending on the extraction method 20. One study evaluated the anti-arthritic activity of OI 

root extracts obtained using different solvents: chloroform, ethyl acetate, and n-butanol. All 

three extracts were administered into rats through the oral route at a dosage of 300 mg/kg. 

Results indicated that all three extracts exhibited anti-arthritic activity. However, the relative 

anti-arthritic activity was found to be highest in ethyl acetate extract (67.69%), followed by 

chloroform extract (64.61%), and lastly, n-butanol extract (58.46%) 10. The differential 

effects of OIE could be due to the variation in the amounts of biologiclally active ingredients 

depending on the plant part and solvent used for extraction method. It is difficult to evaluate 

the hepatoxocity of OIEs since OIEs can be obtained from various parts of the OI plant 

using different extraction methods. Therefore, having a standardized extract, such as 

Sabroxy®, with known amounts of biologically active compunds would be beneficial to 

understand the potential of OIE to induce hepatotoxicity.

Sabroxy® contains standardized amounts of the Oroxylin-A, Baicalein, and Chrysin. All 

three compounds show hepatoprotective effects in vivo. Oroxylin A, Baicalein, and Chrysin 

are flavonoids present in numerous plant extracts including OI, and were shown to suppress 

inflammation in mice with CCl4-induced acute liver failure 22, 23 and acetaminophen-

exposed liver injury in mice 24. Our current study supports the above published studies, as 

Sabroxy® failed to cause hepatotoxic effects in the mice.

Due to the the fact that the biomarkers were measured at one time point after a 4 week 

treatment period of OIE, this study is considered as a sub-acute study. Although we did not 

notice a significant hepatotoxicity at the end of 4 weeks of treatment, it can not be ruled out 

that the mice may have developed acute hepatic toxicity during the treatment period, and 

that the mice may have recovered from the early liver injury before our endpoint at 4 weeks 

when serum biomarkers were studied.
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Although the dosage and frequency of administration of OIE used in our study is 

physiologically relevant, various doses from 100–500 mg/kg are typically used for varying 

treatment periods. Therefore, future studies in larger cohorts are warranted to determine the 

dosage and time-dependent hepatic effects of OIE administration to validate the potential of 

hepatotoxicity OIE. It is also important that future studies examine the levels and activities 

of markers of oxidative stress and inflammation in liver. Finally, our study included only 

male mice. It will be interesting to examine whether the effect of OIE administration is 

sexually dimorphic.

Conclusion:

Our results suggest that Sabroxy®, at its physiologically relevant doasge used for beneficial 

effects, does not induce hepatotoxicity in the mice after a 4-week treatment.
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Figure 1. 
Effect of OIE treatment on liver histology. Liver sections of control (A) and OIE treated (B) 

mice were stained with H&E for histological assessment.
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Figure 2: 
Effect of OIE treatment on serum levels of ALT (A), AST (B), ALP (C), bilirubin (D), 

albumin (E), globulin (F), and total protein (G). Serum markers were analyzed from control 

(n =6) and OIE treated mice (n =6). Results are presented as mean values ± SEM. The 

significance of the differences between groups was evaluated by Students t-test. P < 0.05 

values were determined to be statistically significant.

Pondugula et al. Page 8

Nat Prod Commun. Author manuscript; available in PMC 2021 July 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Introduction
	Materials and Methods
	Materials:
	Animals and treatment:
	Tissue collection and processing:
	Serum biomarker Analysis:
	Liver histology analysis:
	Data and statistical analysis:

	Results
	Effect of OIE treatment on liver histology:
	Effect of OIE treatment on serum biomarkers of liver function:

	Discussion
	Conclusion:
	References
	Figure 1.
	Figure 2:

