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Abstract

Schisandrin B (Sch B), a bioactive lignan derived from Schisandrae chinensis
Fructus, exhibits well-documented tissue-protective properties, yet its sys-
temic metabolic effects mediated by liver-derived factors remain elusive. This
study investigated the capacity of Sch B to modulate systemic redox status and
hepatokine secretion in a mouse model. Following oral administration of Sch
B, treated animals demonstrated a significantly elevated plasma glutathione
(GSH/GSSG) ratio, reflecting a robust enhancement of systemic antioxidant
capacity essential for extrahepatic tissue protection. Concurrently, Sch B in-
duced a highly favorable reprogramming of circulating hepatokines by down-
regulating angiopoietin-like proteins 3 and 4 (ANGPTL3 and ANGPTL4) while
upregulating the insulin-sensitizing hormone adropin. Because ANGPTL3/4 act
as lipase inhibitors, this coordinated shift theoretically promotes an athero-
protective lipid profile alongside enhanced energy expenditure and glucose
homeostasis. Collectively, these findings demonstrate that Sch B exerts benefi-
cial systemic metabolic effects through coupled redox enhancement and hepa-
tokine regulation, underscoring its potential as a therapeutic agent for meta-
bolic disorders.
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1. Introduction

Schisandrae Chinensis Fructus (SF), a cornerstone of traditional Chinese medi-
cine (TCM), is recognized for its ability to invigorate “Qi” within the Liver zang

and other “visceral organs” via the meridian system [1]. In TCM, the Liver’s piv-
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otal role as a “General” organ, orchestrating the functions of numerous other vis-
ceral organs, provides a theoretical framework for SF’s broad health-promoting
effects [2]. The principal bioactive compound within SF, schisandrin B (Sch B),
has demonstrated promising effects, including improved mitochondrial ATP pro-
duction and enhanced glutathione redox status across various organs [3] [4].
These findings suggest that Sch B’s organ-protective properties may stem from its
influence on cellular energy metabolism and antioxidant defense. Given Sch B’s
pronounced impact on liver function, it is plausible that its beneficial effects on
other organs are mediated by signaling molecules originating from the liver. This
study investigates whether Sch B can positively alter plasma glutathione redox sta-
tus and modulate the levels of hepatokines—liver-secreted proteins that influence

cardiometabolic function—to exert its regulatory effects on extrahepatic tissues.

2. Materials and Methods
2.1. Reagents

Reduced glutathione (GSH), oxidized glutathione (GSSG), and glutathione reduc-
tase (GR) were purchased from Sigma Chemical Co. (St. Louis, MO). Mouse ELISA
assays for ANGPTL3, ANGPTL4, and adropin were obtained from Wuhan Fine Bi-
otech Co., Ltd. (FineTest) (Wuhan, P.R. China). Sch B was bought from Shaanxi
Jiahe Phytochem Co., Ltd. (Xian, P.R. China).

2.2. Animal Care

Thirty adult male ICR mice were randomized into three groups of 10: Control,
Sch B (10 mg/kg), and Sch B (30 mg/kg). They were maintained under a 12-hour
dark/light cycle at an ambient temperature of approximately 22°C with ad libitum
access to food and water. Experimental protocols were approved by the Research
Practice Committee at the Hong Kong University of Science and Technology
(AEP-2023-0062).

2.3. Animal Treatment

Animals were randomly divided into groups of ten each. In the treatment groups,
mice were intragastrically administered Sch B (suspended in water) at a daily dose
of 10 or 30 mg/kg for 15 doses within 3 weeks. Control animals received water
only. The pharmacological doses used in this study are consistent with those in
the previous study of Sch B. Long-term, low doses of Sch B (0.001 - 0.03 g/kg for
15 days, corresponding to human equivalent doses) were shown to protect against
cerebral ischemia-reperfusion injury in rats [5]. Twenty-four hours after the last
dose, animals were euthanized by cervical dislocation, and blood samples were
collected via cardiac puncture, and plasma samples were obtained after centrifu-
gation (2000 x g, 10 min, 4°C) of blood samples. In each group, two plasma sam-
ples were pooled into one for subsequent biochemical analysis due to the small
volume of plasma obtained from one animal. Biochemical analyses were done in

a non-biased manner with established protocols. A blinding approach was not
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adopted in dosing, tissue processing, and endpoint readouts.

2.4. Measurement of Plasma Glutathione Redox Status

Plasma GSH and GSSG levels were determined enzymatically using DTNB and
GR, as previously described [5] [6]. A 140 pL aliquot of the plasma sample was mixed
with 60 pL of 10% SSA, and the supernatant was used to measure GSH and GSSG.
The plasma glutathione redox status was expressed as the GSH/GSSG ratio.

2.5. Measurement of Plasma Hepatokine Levels

The plasma was used to measure ANGPTL3, ANGPTL4 and adropin levels with
the ELISA kits. The ANGPTL levels and adropin were expressed in ng/mL and
pg/mlL, respectively, and this value was used to estimate the percentage of control

for comparison.

2.6. Statistical Analysis

Data, which were expressed as mean + SD, were analyzed by One-way ANOVA
(Fisher’s Least Significant Difference (LSD) test) (using five pooled plasma sam-

ples in a group) to detect significant differences between groups when P < 0.05.

3. Results and Discussion

Previous research has established that Sch B treatment enhances the hepatic GSH
to GSSG ratio, thereby improving liver glutathione redox status [3]. Our current
findings extend this observation to the systemic circulation, demonstrating that
Sch B treatment also significantly improves plasma glutathione redox status,
which is mediated by decreasing circulating GSSG levels (data not shown). This
elevation of glutathione redox status is crucial, as it sustains the transport of plasma
GSH to extrahepatic tissues, such as cardiac and skeletal muscle. The increase in
plasma glutathione redox reflects the liver’s ability to replenish plasma GSH that
has been delivered to tissues [7] [8]. In these tissues, the increased GSH bolsters
cellular antioxidant defenses, which are particularly vital for sustaining high-en-
ergy metabolic states [7]-[10].

Glutathione, the body’s master antioxidant, relies on the delicate balance of its
GSH/GSSG ratio as a key indicator of cellular redox health [9]-[11]. Naturally oc-
curring aging in mice is typically characterized by a progressive decline in this
ratio, leading to the accumulation of oxidative damage across various tissues [12].
By elevating the GSH/GSSG ratio in the blood, Sch B treatment effectively coun-
teracts this age-related decline in tissue GSH levels. This strengthens the body’s
capacity to neutralize reactive oxygen species, thereby safeguarding critical tissues
such as the brain and cardiovascular system from the damaging oxidative stress
associated with elevated metabolic activity. This systemic antioxidant enhance-
ment is further supported by prior research demonstrating that long-term Sch B
administration can suppress age-associated reductions in mitochondrial GSH lev-

els in diverse tissues, including the liver, brain, heart, and kidneys, ultimately con-
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tributing to an extended average lifespan [13].

Beyond its potent antioxidant effects, Sch B treatment also significantly modu-
lated the hepatokine profile. Specifically, we observed a decrease in the levels of
ANGPTL3 and ANGPTL4, accompanied by an increase in adropin (Table 1). The
dual suppression of ANGPTL3 and ANGPTLA4 is particularly noteworthy for its
potential cardiovascular benefits [14]. These proteins are known inhibitors of lip-
oprotein lipase and endothelial lipase; their reduction can therefore maximize the
activity of these enzymes, leading to a substantial decrease in plasma triglycerides
and circulating low-density lipoprotein cholesterol [15] [16]. Indeed, studies in
mouse models have shown that downregulating these specific angiopoietin-like
proteins can halt the progression of atherosclerosis, reduce vascular inflamma-
tion, and diminish the size of necrotic core areas within arterial plaques [17] [18].

Concurrently, the elevated level of adropin is poised to powerfully stimulate
energy utilization and prevent the spontaneous development of obesity and insu-
lin resistance [19] [20]. Adropin complements these effects by functioning as an
insulin-sensitizing hormone that protects the liver from excessive fat accumula-
tion [21] [22]. Collectively, these modulated hepatokines orchestrate a significant
metabolic shift within the body, promoting a state of enhanced efficiency charac-
terized by increased fat burning and improved glucose utilization.

One limitation of the present study was that only male mice were used. How-
ever, prior studies indicated no gender difference in various Sch B-induced phar-

macological actions.

Table 1. Effects of Sch B treatment on glutathione redox status and hepatokine levels in
plasma of mice. Values given are mean % control + SD (n = 5). Control values: GSH/GSSG
ratio, 3.35 £ 0.31; ANGPTL3 (ng/mL), 7.82 + 0.44; ANGPTL4 (ng/mL), 3.17 + 0.79;
adropin (pug/mL), 20.1 + 2.16. *p < 0.05, when compared to the control value, using One-
way ANOVA (LSD test).

Control 10 mg/kg 30 mg/kg
GSH/GSSG ratio 100 £ 9.26 129 + 7.95* 145 £ 4.16*
ANGPTL3 100 + 5.61 95.2 £6.51 82.4 +0.93%
ANGPTL4 100 + 25.0 60.8 + 9.8 62.0 + 3.26%
Adropin 100 £ 10.8 101 £17.1 120 + 9.88*

4. Conclusion

This study provides compelling evidence that Sch B exerts its beneficial metabolic
effects through a dual mechanism: direct antioxidant actions and the orchestra-
tion of a systemic shift in liver-derived signaling. By enhancing plasma glutathi-
one redox status, Sch B bolsters antioxidant defenses in vital extrahepatic tissues,
counteracting age-related oxidative damage. Furthermore, the modulation of key
hepatokines, specifically the suppression of ANGPTL3 and ANGPTL4 alongside
the elevation of adropin, reveals a sophisticated metabolic regulatory pathway.

These combined actions collectively promote a healthier lipid profile, reduce car-
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diovascular risk factors, and foster a metabolic environment conducive to energy

expenditure and improved insulin sensitivity. These findings underscore the poten-

tial of Sch B as a nutraceutical or therapeutic agent for metabolic disorders, high-

lighting the intricate interplay between liver function and systemic metabolic
health.
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