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Introduction: The purpose of the present study was to reveal the potential positive effect of

the Ta-ermi extracts on oxidative stress and streptozotocin (STZ)-diabetic mice and rats

treated with Ta-ermi water- and alcohol-extracts.

Methods: The study was carried out using three experimental model: 1) in vitro experiments

whereby Ta-ermi extracts were incubated with free radical generators such as 2,2-diphenyl-1-

picryl-hydrazyl-hydrate (DPPH) and 2,2ʹ-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid

(ABTS) to evaluate Ta-ermi’s antioxidant effects; 2) testing the hypoglycemic effects of

Ta-ermi extracts in streptozotocin (STZ)-induced diabetic mice; and 3) testing the beneficial

effects of Ta-ermi extracts on mitochondrial complex I function using STZ-diabetic rats.

Results: In vitro antioxidant experiments showed that both of the extracts could scavenge

free radicals and exhibited inhibitory effects on glucosidase and aldose reductase with

differential effects between water extract and alcohol extract. In the STZ mouse diabetic

model, both the water- and alcohol-extracts attenuated body weight decrease, decreased

blood glucose levels in a concentration-dependent manner, improved insulin sensitivity,

and increased oral glucose tolerance ability. In the STZ-diabetic rat model, both the water-

and alcohol-extracts were found to be able to lower blood glucose levels in the diabetic

animals with no effects on body weight changes. Moreover, in the STZ-diabetic rats, both the

water- and alcohol-extracts of Ta-ermi could inhibit the increase of mitochondrial NADH/

ubiquinone oxidoreductase (complex I) activity in the pancreas and enhanced complex

I activity in the liver but showed no effect on lung or kidney mitochondrial complex I.

Discussion: The present study points to the potential medicinal value of Ta-ermi’s water and

alcohol extracts in lowering blood glucose and decreasing diabetic oxidative stress. One

limitation of our study is that the compound or compounds that actually have this beneficial

effect in the extracts remain unknown at this time. Therefore, the future studies should be

focused on the identification of the components in the extracts that exhibit anti-oxidative and

hypoglycemic effects.

Conclusion: Taken together, our studies using different experimental paradigms indicate

that Ta-ermi extracts possess antioxidant and anti-diabetic properties and may be employed

as functional food ingredients for the remission of diabetes.

Keywords: Ta-ermi extracts, antioxidant activity, anti-diabetic, mitochondrial complex I,

streptozotocin

Introduction
Diabetes mellitus (DM) is a group of chronic metabolic diseases characterized by

continuously elevated blood glucose levels caused by defects in insulin secretion or

insulin resistance. At present, the incidence of diabetes reaches 382 million people

worldwide, and is expected to reach 592 million by 2035.1 The chronic feature of
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diabetes and its complications, together with the economic

burden on the patient and their family members, have

rendered diabetes the major heath issue on the globe.

Type 2 diabetes is an age-associated disorder and a pan-

demic disease in many countries.2 It is a third leading

cause of death following cardiovascular disease and

cancer.3 While type I diabetes is due to β cell dysfunction

that results in no insulin secretion, type 2 diabetes is an

adult-onset disease caused by insulin resistance and dysre-

gulation of glucose metabolism. The pathogenesis of type

2 diabetes is multifactorial, including genetics, environ-

ment, lifestyle, and obesity. It has been proven that

unhealthy diet is a key risk factor for the formation and

development of diabetes. Furthermore, type 2 diabetes can

be prevented by diet interventions which can regulate the

onset of diabetes and control of blood sugar. It is well

known that natural products derived from a variety of

organisms and diet regulation can serve an important fun-

damental measure of therapy for diabetes,4–6 and can

effectively control the condition of diabetes and prevent

and delay the complications of diabetes.7

Coarse cereals divided into three categories (beans, rice

and wheat) are rich in trace elements, vitamins and dietary

fiber, especially possess functional properties in terms of

promoting intestinal peristalsis and helping diabetic

patients to reduce insulin and triglyceride. Hence, there

has been growing recognition that coarse cereals would

become an ideal raw material for developing diabetic food.

Liu et al have investigated this aspect in a diabetic mouse

model induced by alloxan and found that a certain amount

of quinoa supplemented in the diet can reduce blood

glucose.8 Kim et al9 investigated the hypoglycemic effect

of whole grain diet on type II diabetes in C57BL/KsJ-db/

db mice and pointed out that whole grains can be

employed as functional food ingredients to alleviate

T2DM by enhancing the PI3K/Akt and AMPK pathways.

Ta-ermi (Panicum miliaceum L.), belonging to the

family of coarse cereals, is a traditional food favored by

Kazak people in Xinjiang, China with golden color and

full grain whose shape is similar to the commonly known

millet. It belongs to a genus of millet. Ta-ermi is mainly

distributed in the cities of Yili, Tacheng and other places in

Xinjiang with super stress resistance, excellent drought

resistance, short growth cycle and high yield. In Ta-ermi,

protein content is about 12%- 14%, starch content is about

70%, while sugar content is very low. It has been found

that some ethnic minorities often add Ta-ermi to butter tea

because it is thought to be a healthy food supplement that

can lower blood pressure, blood sugar and blood lipids.

Moreover, Ta-ermi is not only consumed by local people

in China but also exported to other countries such as

Russia and Kazakhstan. Our research group10 extracted

Ta-ermi alcohol extract by ethanol reflux extraction with

ethyl alcohol density 95%, 70%, 50% and 30%, and found

that 30% ethanol extract had the strongest antioxidant

activity. Thereafter, we used Ta-ermi to make soda crack-

ers instead of wheat flour, which showed antioxidant

effects.10 Our preliminary studies indicate that Ta-ermi

contains active ingredients including amino acids, pep-

tides, proteins, polysaccharides, organic acids, saponins,

phenols, flavonoids, lactones, coumarins, terpenes, ster-

oids, volatile oils and fats, etc. from its water extract,

alcohol extract and petroleum ether extract obtained by

systematic experimental methods.

Nonetheless, to the best of our knowledge, there has

been no document regarding the anti-diabetic effects of

Ta-ermi. Hence, we believe that it is quite necessary and

significant to reveal the hypoglycemic effect and mechan-

ism of Ta-ermi extract. The present study was thus aimed

to: ⅰ) investigate the capabilities of Ta-ermi water extract

and alcohol extract in terms of DPPH· radical scavenging,

ABTS+· radical scavenging, inhibitory activity against α-

Glucosidase11 and Aldose reductase; ⅱ) evaluate the glu-

cose-lowering ability using streptozotocin (STZ)-induced

diabetes in mouse and rat; ⅲ) the effects of Ta-ermi water

extract and alcohol extract on mitochondrial complex

I activities in the selected tissues isolated from STZ-dia-

betic rats. We herein report our findings that Ta-ermi

extracts exhibit beneficial effects on diabetes. It should

be noted that as animal-related experiments were con-

ducted in different laboratories testing different aspects

of Ta-ermi’s hypoglycemic effects, either mice or rats

were used.

Materials and Methods
Materials
Raw and processed Ta-ermi were kindly provided byDa erhan

Farmer’s Professional Cooperative in Tori county (Xinjiang,

China) and was stored at 4°C before use. They were washed

gently and dried at 50°C in an oven, and then grounded by

universal high-speed smashing machines (FW-100, Beijing

Yongguangming Medical instrument factory, China), and

sieved through a 60 mesh screen. DPPH (1,1-diphenyl-2-

trinitrophenylhydrazine) and ABTS (2,2-diazo-bis (3-ethyl-

benzothiazole-6-sulfonic acid) diammonium salt were
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purchased from Shanghai Yuanye Biotechnology Co., Ltd.

Alpha-D-glucosidase originated from Aspergillus niger was

obtained from Beijing Suo Laibao Technology Co., Ltd.,

PNPG (4-Nitropheyl-alpha-D-glucopyranoside) was pur-

chased from Shanghai Baoman Biotechnology Co., Ltd.

Acarbose (Baitangping) was purchased from Bayer Medical

and Health Co., Ltd. (Leverkusen, German). Streptozotocin

(STZ) was purchased from Sigma Chemical Inc. (St Louis

MO,USA). Insulin (INS) ELISAmeasurement was purchased

from Jiancheng Bioengineering Research Institute (Nanjing,

China). All other chemicals were of analytical grade and were

obtained from Tianjin Reagent Company (Tianjin, China).

Preparation of STZ Solution
STZ solution was prepared with a mixed solution of equal

volumes of A and B. Briefly, 1000 mg STZ was dissolved

in 100 mL mixture solution (A:B＝1:1), in which solution

A was obtained by adding 2.1 g citric acid into 100 mL

sterile water for injection while solution B was prepared

by adding 2.94 g sodium citrate into 100 mL sterile water

for injection, thus the pH value was 4.2~4.4. STZ solution

was kept in dark and used within 30 min of preparation.

Preparation of Ta-ermi Extraction
Ta-ermi water extract was prepared with the water extraction

and alcohol precipitation method basically as previously

described with modifications.12 Briefly, extraction tempera-

ture was at 90°C, ratio of solid to liquid was 1:10. After two

extractions, the filtrates were combined and concentrated,

and precipitated with threefold volume of 80% ethanol.

Finally, the precipitate was collected and freeze-dried. The

yield reached 38.6 g extract per kg Ta-ermi raw material. Ta-

ermi alcohol extract was obtained with traditional reflux

extraction method. Briefly, extraction temperature was at

75°C, ethanol concentration was 70%, ratio of solid to liquid

was 1:10. The material was extracted twice, and the filtrate

was combined, evaporated and lyophilized using the method

as previously described with modifications.13 The yield was

up to 47.2 g powder/kg Ta-ermi raw material and the extract

was stored at 4°C for further use.

Animals
Diabetes in Mouse Induced by STZ

Six- to eight-week-old Kunming male mice (20±2g) were

obtained from Xinjiang Laboratory Medical University

Breeding Research Center, and feeding condition was at

22–27°C, humidity of 50–70%, the light and dark alter-

nated for 12 hrs, with 6 mice in each cage. The approved

animal protocol number is 2016–0003/SCXK (Xin) and all

experiments were carried out according to the guidelines

and regulations of Xinjiang Medical University and also

were in accordance with NIH guidelines for the Care and

Use of Laboratory Animals. For diabetes induction, dia-

betic mouse was injected (IP injection) with STZ (180 mg/

kg BW) while control mouse received a same volume of

sodium citrate.14 Three days after SZT injection, blood

glucose was determined by a tail-pricking method and

mouse having blood glucose value equal or greater than

16.7 mM were considered diabetic. For Ta-ermi treatment

of diabetic mice, 2 groups of mice were randomly assigned

and Table 1 shows the treatment conditions for each group.

All extracts, including distilled water, were administered

once per day via gavage for 28 days. Body weight and

blood glucose were both measured once per week after

treatment was started.

Oral Glucose Tolerance Test in Mouse

At the end of the treatments, mice were fasted overnight.

Then, 0.5% glucose was administered via gavage. Blood

glucose was measured at 0.5 h, 1 h, 1.5 h, and 2 h after

oral glucose ingestion.

Mouse Tissue Collection and Blood Insulin

Measurement

For tissue collection, mouse was sacrificed by decapita-

tion. This was followed by collection of tissues including

liver, kidney, spleen, pancreas, and heart. Blood insulin

measurement was carried out by an ELISA method and

insulin resistance index was expressed as the following:

HOMA� IR ¼ ðFBGxFINSÞ=25:51Þ

QUICKI ¼ 1=ðlgFBGþ lgFINSÞ
FINS: fasting blood insulin (mIU/L); FBG: fasting

blood glucose (mM)

Table 1 Experiments in mouse grouping and treatment

conditions

Group Treatment Number of

Mice

Extracts

Tested

A Non-diabetic control 12 Distilled H2O

B Diabetic control 12 Distilled H2O

E Ta-ermi water extract, high

dose

12 800 mg/kg

BW

G Ta-ermi alcohol extract,

high dose

12 800 mg/kg

BW
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Diabetes in Rat Induced by STZ

For STZ induction of diabetes in rats, Sprague Dawley rats

(4–6 weeks old) were purchased from Charles River. The

animal protocol number was 2017–0005 and the studies

were approved by the Institutional Care and Use

Committee of University of North Texas Health Science

Center and were in accordance with NIH guidelines for the

Care and Use of Laboratory Animals. STZ was freshly

prepared in 1 mL of 100 mM citrate buffer (pH 4.5) and

injected (IP) to overnight fasted rats at a dosage of 60 mg/kg

body weight. Blood glucose levels were determined using

blood collected via tail-pricking by Free Style blood glu-

cose test strips made by Abbot (Alameda, CA), and animals

with blood levels exceeding 300 mg/dl were considered

diabetic.3 Control rats received 1 mL citrate buffer only.

For Ta-ermi treatment of STZ-diabetic rats, Ta-ermi was

given via gavage once a day for 4 weeks, and both water

extract (400 mg/kg) and alcohol extract (400 mg/kg) were

administered to diabetic animals.15 Tissue mitochondrial

preparation and blue native PAGE (BN-PAGE) analysis of

complex I, a routine parameter for assessing mitochondrial

dysfunction in our lab, were performed as previously

described.16,17 All gel images were documented using an

EPSON PERFECTION 1670 scanner. SDS-PAGE and

Western blot assays were conducted according to standard

protocols as previously reported.18

Assay of DPPH• Radical Scavenging
Activity
The DPPH radical scavenging activity was quantified by

the method of Pan et al with minor modifications.19

Briefly, 2 mL of 2×10−4 mole/L DPPH was added to

2 mL various concentrations (0.01–0.40 mg/mL) of poly-

saccharide samples in 70% (v/v) ethanol. The reaction

mixture was incubated for 30 min at room temperature in

dark. The DPPH radical scavenging activity was deter-

mined by measuring the absorbance at 517 nm with ascor-

bic acid being the positive control.20

Assay of ABTS+• Radical Scavenging
Activity
An improved ABTS+•·radical de-colorization assay was car-

ried out involving direct production of the blue/green

ABTS+•·chromophore through the reaction between

ABTS+•·and potassium persulfate. Addition of antioxidant

to the preformed radical cation reduces it to ABTS+•·to an

extent on a time scale depending on the antioxidant activity,

the concentration of the antioxidant, and the duration of the

reaction.21 One milliliter ABTS+·was dissolved in water to

make 7 mM concentration of the resultant solution. ABTS+•

radical was produced by reacting ABTS+• stock solutionwith

2.45mM potassium persulfate. The resultant reaction mix-

ture was allowed to stand in dark at room temperature for

12~16 h before use. The ABTS+• radical solution was diluted

with methanol to an absorbance of 0.7 (±0.02) at 734 nm.

Then, 100 μL of sample at various concentrations was mixed

with 100 μL of diluted ABTS+• radical. Each concentration

was analyzed in triplicate and the percentage decrease of

absorbance at 734 nm with a microplate reader was calcu-

lated for each point and the antioxidant capacity of the tested

compounds was expressed as percent inhibition (%).21 The

radical scavenging activity of the compounds was measured

according to the following equation:

% inhibition ¼ AðcontrolÞ � AðsampleÞ
AðcontrolÞ � 100

IC50 values were calculated by linear regression of

plots, and the average percentage of scavenging capacity

was taken from three replicates. Trolox was used as a

standard in comparison for the determination of the anti-

oxidant activity.

Determination of α-Glucosidase
Inhibitory Activity
The inhibitory effect of the compounds on α-glucosidase
was assessed by a conventional method using 4-nitrophe-

nyl-α-D-glucopyranoside (PNPG) as a substrate (0.2 mL

20mmol·L-1).15 Reaction solution contained the following:

2.0 mL 0.1 mol·L−1 potassium phosphate buffer (pH 6.8),

0.1 mL sample solution, 50 μL reduced glutathione

(1 mg·mL−1), 0.1 mL α-glucosidase solution (0.57

U·mL−1), which were well mixed. After being pre-incu-

bated for 15 min at 37°C, 0.2 mL of PNPG (20 mmol·L−1)

was added and the mixture was further incubated at 37°C

for another 15 min.22 The reaction was stopped by the

addition of 10 mL of 0.1 mol·L−1 Na2CO3. The amount of

4-nitrophenol was measured spectrophotometrically at

400 nm. The α-glucosidase inhibitory activity was

calculated as follows: α-glucosidase inhibitory activity

(%) = [Ablank - (Asample - Abackground)]/Ablank × 100, Where

Ablank, Asample, Abackground are defined as the absorbance of

100% enzyme activity (only the solvent with the enzyme),

test sample with the enzyme and test sample without the

enzyme, respectively.23 Acarbose was used as a positive

control.
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Effect of Ta-ermi Extracts on Aldose

Reductase Activity
The effect of ta-ermi extracts on liver enzyme activity

of aldose reductase was determined at 340 nm spectro-

photometrically. The consumption of NADPH was mea-

sured for activity determination.24 The reaction mix in

1 mL contained D, L-glyceraldehyde (4.7 mM) as

a substrate, NADPH (11 mM), phosphate buffer (0.067

M, pH 6.2), the enzyme solution (0.05 mL), and varying

concentrations of water- or alcohol-extracts of Ta-ermi.

The reference sample contained all the above reagents

except the liver tissue sample.25 The molar extinction

coefficient is 6.22 M-1 cm-1 at pH 6.2 for NADPH. One

enzyme unit was defined as the amount of enzyme that

catalyzes the hydrolysis of 1 μmol of substrate at

25°C.26

Statistical Analysis
Microsoft Excel statistical tools were used to analyze the in

vitro antioxidant data, and SPSS software Statics 17.0 (SPSS,

Chicago, USA) was used for in vivo antioxidant data proces-

sing. After completing single-factor variance analysis

ANOVA, the least significant difference (LSD) was used to

compare the five groups. Avalue of P < 0.05 was considered

significant and a value of P < 0.01 was considered extremely

significant.

Results
This study was conducted using three experimental sys-

tems with appropriate controls in each system: 1) in vitro

effects on free radicals and α-glucosidase; 2) STZ-diabetic

mice; 3) STZ-diabetic rats.

In vitro Effect of Ta-ermi Extracts on Free

Radicals and α-Glucosidase
We first performed Ta-ermi’s antioxidation ability in vitro,

and used ABTS+•· and DPPH· as the free radicals that can

react with Ta-ermi extract. For the DPPH radical scaven-

ging assay, vitamin c (Vc) was used as a positive control;

while for the ABTS radical scavenging assay, Trolox was

used as a positive control. As expected, all the two extracts

scavenging ability was weaker than that of pure Vc or

Trolox. While both water extract and alcohol extract

have free radical scavenging ability, alcohol extract was

more effective in both assays (Figure 1A and B).

Therefore, the alcohol extract had a greater total antiox-

idant capacity than the water extract.

Effect of Ta-ermi Extract on α-Glucosidase
We then measured the inhibitory effect of Ta-ermi extracts

on α-glucosidase. Results indicated that while both alcohol

extract and water extract exhibited a concentration-depen-

dent effect, alcohol extract was more effective than that of

the water extract (Figure 1C). In addition, it seems that the

effect of the water extract was similar to that of acarbose

when the concentration was equal to or greater than

5 mg/mL.

Effects of Ta-ermi Extracts on Diabetes in

STZ-Treated Mouse
Effect on Body Weight

We next tested the effects of Ta-ermi on STZ-diabetic

mouse. Figure 2A shows Ta-ermi effects on body weight

changes. As can be seen, except the control group (group

A), the body weight of all diabetic mice exhibited a time-

dependent decrease (Group B). For groups E and G,
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Figure 1 In vitro studies showing the effects of water extracts and alcohol extracts of Ta-ermi on DPPH radicals (A), ABTS radicals (B), and glucosidase activities (C). The

positive control compound with varying concentrations used in each experiments was Vitamin C (A), Trolox (B), and acarbose (C).
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regardless of water or alcohol extracts, the body weight

decrease in diabetic mice (shown in Group B) was also

reversed by Ta-ermi, with the magnitude varied between

water extract and alcohol extract. These results indicate

that Ta-ermi extracts have a beneficial effect on diabetes.

Effects of Ta-ermi Effects on Blood Glucose in STZ-

Induced Diabetic Mice

As shown in Figure 2B, both the water extract and alcohol

extract of Ta-ermi could lower blood glucose levels in

STZ-diabetic mice. It does not seem that the decrease in

blood glucose is solvent dependent. However, when both

water extract and alcohol extract were administered simul-

taneously, the decrease in glucose in the high dosage group

was the most pronounced (data not shown). Such a result

indicates that the water extract and the alcohol extract

have a synergistic effect in lowering blood glucose in

STZ-diabetic mice.

Effects on Insulin Resistance

Figure 2C shows that among all the groups tested, there

was a significant (p< 0.05) decrease in insulin resistance in

STZ-diabetic mice (Group B). All the Ta-ermi groups

showed significant improvement in insulin resistance

index, albeit that there was no difference between water

extract and alcohol extract.

Effect on OGGT

Figure 2D shows that at 0.5 h after oral glucose ingestion,

blood glucose was at its peak value among all the animal

groups tested except the diabetic control group that had

a peak glucose value at 1 h after oral glucose ingestion. At

2 hr after oral glucose ingestion, the blood glucose levels

in water extract and alcohol extract groups were higher

than healthy control but lower than in diabetic control.

These results indicated that Ta-ermi extracts could

improve glucose tolerance in STZ-diabetic mice.

( ) ( )

(
)

( )

A B

C D

Figure 2 Studies carried out using STZ-diabetic mice and corresponding healthy controls. Shown are body weight changes (A), blood glucose levels (B), insulin sensitivity

index upon treatment with water- or alcohol-extracts of Ta-ermi (C), and oral glucose tolerance test results (D). Both water and alcohol extract concentration used was

800 mg/kg body weight. In (C), * indicates p<0.05 E or G vs B.
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Studies in STZ-Diabetic Rats
Effect of Ta-ermi on Aldose Reductase

It is well known that aldose reductase is activated in

diabetes. We wondered whether Ta-ermi extract would

have any effect on aldose reductase. To investigate this,

diabetes in rats was induced by STZ injection. Four

weeks after STZ injection, liver was collected and homo-

genized. The homogenate was added with Ta-ermi

extract, and aldose reductase activity in homogenate

was then measured spectrophotometrically. Results indi-

cate that both water extract and alcohol extract exhibited

inhibitory effects on the enzyme when expressed as

a percentage of STZ (no extracts) (Figure 3A). Our result

also indicates that the effect of water extract on aldose

reductase activity was similar than that of the alcohol

extract.

Effects of Ta-ermi on Blood Glucose and Body

Weight Changes of STZ Diabetes Rats

We STZ rats were treated with either water extract or

alcohol extract for 4 weeks after STZ injection, we mea-

sured blood glucose levels and body weight of the treated

rats. Results indicate that Ta-ermi had glucose-lowering

ability (Figure 3B) but did not show any significant effect

on body weight change (Figure 3C).

Effect on Mitochondrial Complex I

We have previously reported that pancreatic mitochondrial

complex I activity is elevated in diabetes.27 To investigate

whether Ta-ermi has any effect on complex I activity, we

measured complex I activity in several tissues by BN-PAGE.

While there was no significant effect observed in the lung and

the kidney, both extracts inhibited an increase in complex

0 20 40 60 80 100 120
0

20

40

60

80

100

Concentration (mg/mL)

in
h

ib
it

io
n

 o
f 

a
ld

o
s
e

re
d

u
c
ta

s
e
 a

c
ti

v
it

y
 %

STZ+water extract

STZ+alcohol extract

Pancreas

Lung

Kidney

Liver

Control STZ

STZ/

water

extract

STZ/

alcohol

extract

A

C D (Complex I activity by BN-PAGE)

**

B

Figure 3 Studies carried out using STZ-diabetic Sprague Dawley rats and corresponding healthy controls. Shown are effects on aldose reductase activity (A), blood glucose

levels (B), body weight (C), and effects on mitochondrial complex I activities for each indicated tissues (D), whereby complex I activity was analyzed by BN-PAGE as

previously described16,17 In (B), * indicates p<0.05 when compared with STZ only.
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I activity in the pancreas and enhanced complex I activity in

the liver (Figure 3D). These results indicate that there might be

cooperative effects between Ta-ermi and complex I in combat-

ing diabetic hyperglycemia in the pancreas and the liver.

Discussion
It is known that Ta-ermi has medical values. In the present

investigation, we attempted to reveal the antioxidant and

anti-diabetic potential of Ta-ermi by three experimental

systems: in vitro free radical scavenging activities and

effects on α-glucosidase; in STZ-diabetic mice and in

STZ-diabetic rats. Firstly, our in vitro studies using water

and alcohol extracts of Ta-ermi preparations have found that

in vitro both extracts exhibit free radical scavenging capa-

city and the alcohol extract was more effective than the

water extract. Interestingly, the alcohol extracts inhibited

α-glycosidase activity more effectively than did the water

extracts. While the reason for this discrepancy is unknown

at this time, it is possible that the components in the alcohol

extracts may bind to the enzyme more tightly.

Secondly, by in vivo studies using STZ mice, we found

that both the water extract and the alcohol extract could

decrease blood glucose, improve insulin sensitivity and glu-

cose tolerance.

Thirdly, by using STZ-diabetic rats, we determined the

effect of both water and alcohol extracts on body weight

changes and blood glucose levels, while we did not observe

any effects on body weight changes for STZ/water and

STZ/alcohol groups, we did observe that both water and

alcohol extracts could significantly lower blood glucose

levels in the diabetic rats. While the magnitude of decrease

was not huge, our results demonstrate that the extracts of

Ta-ermi could be promising as anti-diabetic supplements.

In STZ rat study, we also determined the effect of the

extracts on diabetes-related aldose reductase, an enzyme

known to be activated by diabetes hyperglycemia in the

poly pathway.2,28 In this regard, we determined the effects

of both water and alcohol extracts. Our results indicate that

certain components in both extracts exhibited an inhibitory

effect on aldose reductase. Although the identity of these

components remains unknown for the time being, our

study points to the potential medicinal value of Ta-ermi

extracts in lowering diabetic oxidative stress that can be

caused by elevated aldose reductase activities.29

While we did not perform studies on the effects of either

water or alcohol extract on overall mitochondrial function,

we picked one enzyme, ie, complex I, for the evaluation of

the extracts. Our results indicate that while the extracts did

not show any detectable effects on mitochondrial complex

I isolated from lung and kidney, the extracts exhibited an

inhibitory effect on complex I activity increase in the pan-

creas and pronounced enhancing effect on liver mitochon-

drial complex I, indicating that the extracts of both water

and alcohol preparation could fortify pancreatic or liver

mitochondrial function in diabetes. It would be interesting

to investigate the mechanism of liver mitochondrial com-

plex I upregulation by these extracts in future studies. Also,

it should be noted that in the pancreas mitochondria, our

findings that pancreatic mitochondrial complex I was upre-

gulated by STZ treatment further confirm our previous

report that pancreatic mitochondrial complex I shows

hyperactivity in diabetic pancreas due to persistent hyper-

glycemia. And this complex I upregulation in the pancreas

could be mitigated by the Ta-ermi extracts (Figure 3D).

In summary, the present study demonstrates that Ta-ermi

extracts could scavenge reactive oxygen species, inhibit both

the enzyme activities of glucosidase and aldose reductase.

Furthermore, the present study also demonstrates that Ta-

ermi extracts could lower blood glucose levels and improve

insulin sensitivity and glucose tolerance in STZ-diabetic

rodents. Moreover, our study further indicates that in STZ-

diabetic rats, Ta-ermi extracts had no effects on lung and

kidneymitochondrial complex I activity, but inhibited complex

I activity increase in the pancreas and enhanced complex I

activity in the liver. Taken together, the present study indicates

that Ta-ermimay have promising potential in fighting diabetes.

Ourfindings are in linewith those of others that herbal products

or plant extracts including polyphenols, phytoconstituents pre-

sent in water and alcohol extracts have therapeutic values.30–32
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