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Abstract

Aplastic anaemia (AA) is a disease characterised by bone marrow hypocellularity and peripheral blood pancytopenia. AA is also associated

with mitochondrial aberrations. The present study was undertaken primarily to test the hypothesis that a nutrient mixture could affect the

nutritional rehabilitation of mitochondrial aberrations in AA mice. BALB/c AA mice were induced by a combination of hypodermic injec-

tions of acetylphenylhydrazine (100 mg/kg), X-rays (2·0 Gy) and intraperitoneal injections of cyclophosphamide (80 mg/kg). We treated

these mice with nutrient mixture-supplemented diets in a dose-dependent manner (1445·55, 963·7, 674·59 mg/kg per d), and the effects

of the nutrient mixture for mitochondrial rehabilitation were analysed in AA mice. Transmission electron microscopy showed that mito-

chondrial ultrastructural abnormalities in bone marrow cells, splenocytes and hepatocytes of the nutrient mixture groups were restored

markedly, compared with the AA group. Mitochondrial membrane potentials of the nutrient mixture groups were increased remarkably.

Western blot analysis also revealed that the nutrient mixture significantly inhibited cytochrome c release of mitochondria in the AA group.

Furthermore, the mitochondrial DNA content of the nutrient mixture groups was also increased. Our data suggest that the nutrient mixture

may promote the rehabilitation of mitochondrial aberrations, and consequently protects against mitochondrial dysfunction in AA mice.
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Aplastic anaemia (AA) is a serious medical disorder that is

characterised by bone marrow hypocellularity and periph-

eral blood pancytopenia. The major signs and symptoms

are exhaustion, infections and bleedings(1). AA is a

heterogeneous disease, which involves destruction of

haematopoietic stem cells, disturbance of haematopoietic

microenvironment, immune-mediated reaction against

haematopoietic tissue or a combination of factors(2). Clinical

and experimental evidence suggests that AA has been

strongly associated with exposure to environmental factors

including radiation, drugs and chemicals and viruses(1).

In our experiments, the AA mouse model was induced by

a combination of acetylphenylhydrazine, X-rays and cyclo-

phosphamide, and this model shared many similarities

with the human condition of AA(3–5).

Mitochondria are double-membrane organelles that

are present in the cytoplasm of most eukaryotic cells. Mito-

chondria generate most of the cellular ATP via oxidative

phosphorylation in an oxygen-dependent process. In

addition to supplying cellular energy, mitochondria are

involved in cell signalling, cellular differentiation and

apoptosis, as well as in the control of the cell cycle and

cell growth. The number of mitochondria in a cell varies

widely by organism and tissue type(6). Mitochondrial dys-

function is a hallmark of almost all diseases, including

cancer and multiple neurodegenerative diseases(7).

Mitochondria are under the dual genetic control of both

mitochondrial genome (mtDNA) and nuclear DNA(8).

Mutations in mtDNA may be associated with some haema-

tological diseases, including acquired sideroblastic

anaemia, myelodysplastic syndromes and acquired AA(9–11).

Nutritional rehabilitation has emerged as a promising

component of comprehensive treatment and rehabilitation.

It plays a significant role in improving metabolism,

enhancing immunity of patients and maintaining normal

physiology. Our previous data showed that a nutrient mix-

ture played a key role in the nutritional rehabilitation of

AA mice. Here, we first employed the AA mouse model

to investigate the role by which a nutrient mixture

mediates the rehabilitation of mitochondrial aberrations.
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Abbreviations: AA, aplastic anaemia; GSE, grape seed extract; MMP, mitochondrial membrane potential; MtDNA, mitochondrial DNA; RPMI-1640, Roswell

Park Memorial Institute 1640; Rh123, rhodamine 123.
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A nutrient mixture (containing nucleotides, arginine,

phosphatidylcholine, phosphatidylethanolamine, Mn, Zn,

vitamin, folate, grape seed extract (GSE) powder, etc.)

was administered to AA mice in a dose-dependent

manner by intragastric administration over a 45 d dosing

period. This experiment was devised to use the nutrient-

mixture-treated AA mouse model to examine the changes

in mitochondrial aberrations. The present results show

that the nutrient mixture can promote the rehabilitation

of mitochondrial aberrations in AA mice.

Materials and methods

Animals and treatments

Male BALB/c mice (8 weeks old) were obtained from

Animal Facility of Dalian Medical University. Animals

were individually housed in plastic cages and placed in

an air-conditioned room with a 12 h light–12 h dark

cycle, at a temperature of 20 ^ 28C and a relative humidity

of 55 ^ 10 %. They were maintained under specific patho-

gen-free conditions in the Animal Facility of Dalian Medical

University and were fed ad libitum with the standard diet

and water throughout the experimental period.

After a 1-week adaptation period, 100 mice were ran-

domly divided into five groups with twenty in each

group: the control group; the AA group; the three different

doses of the nutrient-mixture-supplemented diet groups.

The mice of the AA model group and of the three different

doses of the nutrient mixture groups were treated with a

combination of hypodermic injections of acetylphenylhy-

drazine (100 mg/kg; Sigma, St Louis, MO, USA), X-rays

(2·0 Gy) and intraperitoneal injections of cyclophospha-

mide (80 mg/kg; Sigma). The control group was treated

with lead shielding irradiation alone and injections of

physiological saline. After the 7th day, the mice of the

nutrient mixture groups were given a nutrient-mixture-

supplemented diet in a dose-dependent manner (1445·55,

963·7, 674·59 mg/kg per d, according to a Chinese Medical

Dictionary) by intragastric administration. The control and

AA model groups were given a physiological saline

(10 ml/kg per d)-supplemented diet by intragastric admin-

istration. During the supplemented dosing period, body

weights of animals were determined daily throughout the

course of the experiment.

After 7 weeks, mice were killed by cervical dislocation,

and then the following physiological conditions were

determined: blood, mitochondria of bone marrow, spleen

and liver cells, mitochondrial membrane potential (MMP),

mtDNA content and release of cytochrome c. All animal

experiments were performed according to the guidelines

for the care and use of animals approved by the Dalian

Medical University.

The nutrient mixture was supplied by Zhen-Ao Group

Co., Ltd (Dalian, China) and composed of nucleotides

(22·8 %), arginine (5·7 %), lysine (5·7 %), cysteine (3·4 %),

glycine (6·8 %), histidine (5·7 %), lecithin (27·4 %), cephalin

(13·6 %), vitamin mix (containing vitamin E, vitamin C, vita-

min B6, vitamin B12 and folate) (1·58 %), Zn (0·13 %), Mn

(0·11 %), Fe (0·28 %), medlar polysaccharides (3·4 %) and

GSE (3·4 %). According to the proto-prescription, oral

application was prepared by decocting, ultrasound and

concentrating.

Analysis of peripheral blood

Blood was obtained from mice and mixed immediately

with dipotassium EDTA (Sigma). Blood samples were

analysed using the Sysmex KX-21N Blood Cell analyser

(Kobe, Japan).

Transmission electron microscopy studies

Fresh tissues (bone marrow, spleen and liver) were

processed for transmission electron microscopy. These

samples were first washed with phosphate-buffered saline

for 5 min, fixed with 2·0 % glutaraldehyde in 0·1 M

phosphate buffer (pH 7·4), washed in 0·1 M phosphate

buffer and post-fixed in 1·0 % osmium tetroxide in 0·1 M

phosphate buffer (pH 7·4). The samples were then dehy-

drated and were finally embedded in Epon 812 solution

for ultrathin sectioning. The ultrathin sections were stained

with uranyl acetate and lead citrate and were viewed with

a JEM-2000EX transmission electron microscope at a

voltage of 120 kV. Transmission electron microscopic exam-

inations of ultrathin sections were under 100 fields of vision.

Cell isolation and culture

Under aseptic conditions, femora were removed, with the

surrounding muscle, and placed in 5 ml of sterile 90 %

Roswell Park Memorial Institute 1640 (RPMI-1640)

medium (Gibco, Grand Island, NY, USA), supplemented

with 10 % fetal bovine serum (Gibco). Then, the muscle

and epiphyses were removed from femora and marrow

and flushed into 5 ml of sterile 90 % RPMI-1640 medium

supplemented with 10 % fetal bovine serum.

Spleens and livers were dissected from mice, followed

by the preparation of single cell suspensions under aseptic

conditions. They were dissected and cut into small pieces,

rinsed twicewithphosphate-bufferedsalineandmincedwith

forceps and scalpel. The suspension was passed through

a 100mm stainless-steel mesh, treated with a hypotonic

buffer (0·15 M-NH4Cl, 0·01 M-KHCO3, 0·1 mM-Na2EDTA,

pH 7·4) for 5 min at room temperature to lyse erythrocytes,

centrifuged (1200 rpm, 10 min) and washed twice with cell

medium (90 % RPMI-1640 supplemented with 10 % fetal

bovine serum and 1 % antibiotic). Splenocytes were

incubated in dishes for 2 h to remove adherent cells, and

the cells obtained were cultured in cell medium. Hepato-

cytes were incubated in cell medium (90 % RPMI-1640
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containing 0·05 % collagenase, supplemented with 10 %

fetal bovine serum and 1 % antibiotic).

The viability of the cells was determined by trypan blue

(Sigma) exclusion, and cell density was adjusted to 5 £ 105

cells/ml for the MMP assay.

Mitochondrial membrane potential assay

Rhodamine 123 (Rh123) is a voltage-sensitive mitochondrial

dye that is able to enter the mitochondrial matrix and

accumulate in the mitochondria according to the MMP.

The mitochondrial uptake of Rh123 has been measured to

determine the MMP(12). Bone marrow cells from the mice

were harvested and washed thrice with phosphate-buffered

saline. The cells were resuspended to 5 £ 105 cells/ml in

fresh incubation medium containing 1·0mM-Rh123 and

incubated at 378C in a thermostatic bath for 10 min with

gentle shaking. They were then separated by centrifugation,

and the amount of Rh123 remaining in the incubation

medium was measured using a fluorescence spectropho-

tometer set (Hitachi 650-60; Tokyo, Japan) at 490 nm exci-

tation and 520 nm emission wavelengths. Results are

shown as the fluorescence retained within the cells.

Changes in the MMP of splenocytes and hepatocytes

were examined according to the methods described earlier.

Isolation of mitochondria and cytosol

Mitochondria were extracted from bone marrow-nucleated

cells, splenocytes and hepatocytes according to the manu-

facturer’s protocol of the KeyGen mitochondria isolation

kit. The cells were harvested and washed twice with phos-

phate-buffered saline for 5 min at 800 g at 48C to the

amount of 5 £ 107, and were mixed with ice-cold lysis

buffer (1·5 ml) and triturated fifty times at 08C. The suspen-

sion was then centrifuged for 5 min at 800 g at 48C, and

then its supernatant was added to ice-cold medium

buffer and centrifuged for 10 min at 15 000 g at 48C. The

supernatant thus obtained was used to detect cytochrome

c in cytosolic fractions, while the pellet was resuspended

in wash buffer and centrifuged for 10 min at 15 000 g at

48C to remove its supernatant for extracting mtDNA.

Western blot analysis

Western blot analysis was performed to evaluate cytochrome

c protein levels. The cytosolic proteins were subjected

to 10 % SDS-PAGE, blotted onto polyvinylidene fluoride

membranes (Pall Corporation, Pensacola, FL, USA) and

detected by using an enhanced chemiluminescence Western

blot kit (Amersham Biosciences, Little Chalfont, Buckin-

ghamshire, UK). Rabbit anti-mouse cytochrome c (sc-7159;

Santa Cruz Biotechnology, Santa Cruz, CA, USA) and glycer-

aldehyde-3-phosphate dehydrogenase (sc-20 741; Santa

Cruz Biotechnology) polyclonal antibody were purchased

from Santa Cruz Biotechnology. The bands were analysed

with LabWorks (TM version 4.6; UVP, BioImaging Systems,

Upland, CA, USA).

Mitochondrial DNA content assay

mtDNA was extracted from mitochondria according to the

manufacturer’s protocol of the General AllGen Kit (Beijing

CoWin Biotech Co., Ltd, Beijing, China). Mitochondria

were suspended in ice-cold buffer CL (300ml) and agitated

for 10 s. RNase A (1·5ml) was added to the suspension and

mixed adequately for 45 min at 378C. After standing on ice

for 1 min, buffer PP was added to the suspension and agi-

tated for 20 s, and then centrifuged for 3 min at 12 000 g.

Its supernatant was suspended to isopropanol and centri-

fuged for 1 min at 12 000 g. Its pellet was suspended in

70 % alcohol (300ml) and centrifuged for 1 min at 12 000 g.

Its supernatant was removed, and mtDNA was dried at room

temperature for 15 min. Buffer CL was added to the mtDNA

to detect its level with an ultraviolet spectrophotometer.

Statistics

Statistical analysis was performed using SPSS 12.0 software.

Each assay was performed at least three times. Data are

expressed as means and standard deviations, and Student’s

t test was used to determine the significance of differences

in multiple comparisons. P,0·05 was considered to be

statistically significant.

Results

Nutrient mixture effects on the peripheral blood of
aplastic anaemia mice

We used the Sysmex KX-21N Blood Cell analyser to test the

effects of nutrient mixture on the peripheral blood of AA

mice. After 7 weeks, a significant peripheral blood pancy-

topenia was evident in AA mice (Table 1). Erythrocytes,

leucocytes, Hb and the platelet mean count were conspicu-

ously reduced to 64·5, 75·3, 53·4 and 60·2 % of the control

mean values, respectively (P,0·05 for all parameters).

The profound effects of the nutrient mixture on AA mice

were also observed in the peripheral blood parameters.

Erythrocytes, leucocytes, Hb and platelet counts in the

three different doses of the nutrient mixture groups were

higher than in the AA group in a dose-dependent

manner (P,0·05; Table 1). This result showed that the

nutrient mixture indeed had an effect on peripheral

blood cell levels in AA mice.

Nutrient mixture restores mitochondrial ultrastructure in
aplastic anaemia mice

We performed transmission electron microscopic studies

on the bone marrow, spleen and liver of AA mice and

found that mitochondrial ultrastructure was clearly affected

by the nutrient mixture diet (Fig. 1). The size and shape
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of mitochondria of the control group were normal.

In contrast, in the AA group, mitochondria had enlarged

globular structures, accompanied by the disruption or

disappearance of the cristae (Fig. 1(a–c)).

Remarkably, mitochondrial ultrastructure was restored in

the nutrient mixture groups, compared with the AA group.

These results showed that nutrient mixture might promote

mitochondrial rehabilitation in AA mice.

Bone marrow(a) (b) (c)

Control

AA

High dose

Middle dose

Low dose

LiverSpleen

Fig. 1. Effects of nutrient mixture on the mitochondrial morphology of aplastic anaemia (AA) mice. (a) Representative transmission electron micrographs

(20 000 £ ) of mitochondrial structures from haematopoietic cells in the control mice, AA mice and nutrient-mixture-treated AA mice are shown. (b) Representative

transmission electron micrographs (20 000 £ ) of mitochondrial structures from spleens of the control mice, AA mice and nutrient-mixture-treated AA mice are

shown. (c) Representative transmission electron micrographs (20 000 £ ) of mitochondrial structures from livers of the control mice, AA mice and nutrient-

mixture-treated AA mice are shown.

Table 1. The effect of nutrient mixture on the peripheral blood of mice

(Mean values and standard deviations)

Erythrocytes
( £ 1012/l)

Leucocytes
( £ 109/l) Hb (g/l) Plt ( £ 109/l)

Group n Mean SD Mean SD Mean SD Mean SD

Control 20 10·12 1·46 9·94 1·13 159·46 15·17 871·26 273·95
AA 20 3·59* 1·24 2·46* 0·52 74·26* 13·14 346·42* 176·58
High dose 20 9·64† 1·97 7·51† 1·29 143·56† 17·58 814·71† 293·56
Middle dose 20 8·07† 1·56 4·13† 0·47 127·37† 16·71 754·46† 210·17
Low dose 20 6·92† 1·13 3·09† 0·51 109·71† 13·26 590·13† 160·16

Plt, platelets; AA, aplastic anaemia.
* Mean value was significantly different from that of the control group (P,0·05).
† Mean value was significantly different from that of the AA group (P,0·05).
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Nutrient mixture effects on the mitochondrial membrane
potential in aplastic anaemia mice

As transmission electron microscopy findings revealed

mitochondrial damage, we assayed through a fluorescence

spectrophotometer set to determine the nutrient mixture

effect on the MMP in AA mice. We examined the MMP

by measuring the relative differences in the fluorescence

of Rh123 among three kinds of cells in the five groups.

The results showed that the Rh123 fluorescence of bone

marrow cells in the AA group (19·7 (SD 2·26)) was lower

than that in the control group (31·9 (SD 3·62); P,0·05),

and the Rh123 fluorescence of splenocytes in the AA

group (17·2 (SD 1·21)) was lower than in the control

group (19·6 (SD 1·23); P,0·05). In addition, the Rh123 flu-

orescence of hepatocytes in the AA group (25·6 (SD 2·13)

was lower than that in the control group (13·2 (SD 1·02);

P,0·05) (Fig. 2). However, the Rh123 fluorescence

of the three kinds of cells in the three different doses of

the nutrient mixture groups was higher than that in

the AA group in a dose-dependent manner (P,0·05)

(Fig. 2). This result showed that nutrient mixture affected

remarkably the recovery of the MMP of AA mice in a

dose-dependent manner.

Nutrient mixture effects on the release of cytochrome c of
aplastic anaemia mice

To examine the effect of nutrient mixture on the release

of cytochrome c of AA mice, Western blot analysis was

employed to analyse the release of cytochrome c,

which is from the mitochondria to the cytosol. Cyto-

chrome c expression was variable among the mouse

models, with a higher cytochrome c level detected in

the cells of the AA group and no detectable level in

the cells of the control group. However, the cytochrome

c levels of the three kinds of cells in the nutrient mixture

groups were markedly lower than that in the AA group

(Fig. 3), indicating that nutrient mixture mediated the

decrease in cytochrome c levels of AA mice in a dose-

dependent manner.
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Fig. 2. Effects of nutrient mixture on the mitochondrial membrane potential in

cells of aplastic anaemia (AA) mice. B: Bone marrow cells from the control
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mixture-treated AA mice were stained with rhodamine 123; : hepatocytes

from the control mice, AA mice and nutrient-mixture-treated AA mice were

stained with rhodamine 123 (*P,0·05 v. control; †P,0·05 v. AA).
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(bone marrow cells, splenocytes and hepatocytes) were lysed, the cytosolic fraction was isolated and SDS-PAGE was carried out. Monoclonal antibody detected

an 11 kDa band containing cyt c. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) blotting was used as the control. The relative expression of cytosolic

cyt c was expressed as a percentage of GAPDH (*P,0·05 v. control; †P,0·05 v. AA).
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Nutrient mixture effects on the mitochondrial DNA
content of aplastic anaemia mice

In order to determine whether the nutrient mixture had

effects on the mtDNA content of AA mice, an ultraviolet

spectrophotometer assay was used to measure mtDNA

content in the three kinds of cells in the five groups. The

results showed that the mtDNA content of bone marrow

cells in the AA group (0·24 (SD 0·01)mg/ml) was lower

than that in the control group (0·53 (SD 0·02)mg/ml;

P,0·05). The mtDNA content of splenocytes in the AA

group (0·85 (SD 0·12)mg/ml) was lower than that in the

control group (0·98 (SD0·13)mg/ml; P,0·05), and the

mtDNA content of hepatocytes in the AA group (1·03

(SD 0·06mg/ml) was lower than that in the control group

(1·86 (SD 0·24)mg/ml, P,0·05) (Fig. 4). However, the

mtDNA content of the three kinds of cells in the three

different doses of the nutrient mixture groups was higher

than that in the AA group in a dose-dependent manner

(P,0·05) (Fig. 4). These results suggested that the nutrient

mixture could promote the recovery of mtDNA content of

the AA mice in a dose-dependent manner.

Discussion

AA is characterised by hypocellular bone marrow resulting

from damage to haemopoietic stem cells. This produces

pancytopenia with the risk of severe anaemia, major

haemorrhage and life-threatening infections. However,

the fundamental pathophysiology of AA is not well

understood. In the present study, this new animal model

of AA is convenient to use and has the potential for further

investigation of roles of the nutrient mixture to mediate the

mitochondrial rehabilitation of AA mice.

In our experiments, the AA mouse model was induced

by the combination of acetylphenylhydrazine, X-rays and

cyclophosphamide. Animals show statistically significant

reductions in peripheral blood leucocytes, erythrocytes,

Hb and platelets (Table 1), and even more severe reduc-

tions in humeral marrow cells and marrow-committed

progenitor cells. These are clinical characteristics of AA.

Although many factors are involved in assessing overall

health status in patients with AA, nutrition plays

a significant role in influencing AA biology, co-morbid

conditions and responses to treatment. In the present

study, we found that the nutrient mixture could mediate

the mitochondrial rehabilitation of AA mice. This stress

response, mediated by the complex interaction of

nucleotides, arginine, phosphatidylcholine, phosphatidy-

lethanolamine, Mn, Zn, vitamin, folate, GSE powder, etc.,

can ultimately lead to a nutritional rehabilitation of mito-

chondrial aberrations in AA mice.

Nucleotides are essential nutrients that modulate cell

proliferation and differentiation, lipid metabolism and

immune function. Dietary nucleotide supplementation pro-

motes the redox state, efficiency of protein synthesis and

restoration of the function and number of mitochondria(13).

Amino acids play a significant role in nutrition and disease

in humans. Arginine displays crucial metabolic and regulat-

ory versatility in cells. As the physiological nitrogenous

precursor for the synthesis of NO, arginine can increase

NO synthesis, which mediates the stimulatory action of

arginine on the mitochondrial oxidation of energy sub-

strates(14). Glycine prevents hypoxia, free radical for-

mation, cell swelling and the hypermetabolic state(15).

Dietary supplementation of patients taking Cylosporin A

with glycine should be useful to prevent some side effects

of this immunosuppressive drug(15,16). Humans and other

mammals cannot synthesise vitamins and folate, so they

must be obtained from exogenous sources via absorption

in the intestine. Vitamins are important micronutrients for

humans. Vitamin E is the major lipid-soluble, chain-break-

ing antioxidant and plays an essential role in maintaining

the integrity of biological membranes, reproduction, pre-

venting lipid peroxidation and other radical-driven oxi-

dative events(17). As a factor, vitamin E participates in the

mitochondrial electron transport system, and vitamin E

deficiency may cause a respiratory decline in mitochon-

dria(18). So dietary vitamin E can prevent mitochondrial

damage and restore mitochondrial function. As an aqueous

free radical trap, vitamin C can increase the antioxidant

effectiveness of vitamin E; however, it is itself a kind of

antioxidant(19). The effect of vitamin C on viability, reactive

oxygen species and MMP has been determined(19). Vitamin

B6 deficiency affects ultrastructural abnormalities in the

central nervous system. On account of vitamin B12 con-

taining the metal cobalt, it is also called cobalamin. An ade-

quate supply of vitamin B12 and folic acid is essential for

human health and well-being; thus there is a variety of

clinical abnormalities that can occur as a result of vitamin

B12 and folic acid deficiency(20,21). Zn is an essential cofac-

tor that serves a variety of biochemical processes including

cellular respiration, cellular utilisation of oxygen, DNA and
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Fig. 4. Effects of nutrient mixture on the mitochondrial DNA content of

aplastic anaemia (AA) mice. B: Mitochondrial DNA (mtDNA) content of bone

marrow cells from the control mice, aplastic anaemia (AA) mice and nutrient-

mixture-treated AA mice; A: mtDNA content of splenocytes from the control

mice, AA mice and nutrient-mixture-treated AA mice; : mtDNA content of

hepatocytes from the control mice, AA mice and nutrient-mixture-treated AA
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RNA, reproduction, maintenance of cell membrane integ-

rity and sequestration of free radicals(22). As an enzyme

activator, Mn plays a significant role in enzymatic synthesis,

and Mn deficiency can result in membrane damage, which

is due to the accumulation of free O2
2 inside the mitochon-

dria(23). Fe, a kind of microelement, is related to biological

function. Fe deficiency can result in mitochondrial dysfunc-

tion and mtDNA damage(24). GSE is a complex mixture of

polyphenols including procyanidins and proanthocyani-

dins. As a free radical scavenger, GSE has a protective

effect on oxidant-induced production and deposition of

extracellular matrix components(25).

In the present study, AA mice were treated with the

nutrient-mixture-supplemented diets in a dose-dependent

manner including the above-mentioned nutritive sub-

stances, and changes were measured. The results

presented in Table 1 demonstrated that AA mice treated

with the nutrient-mixture-supplemented diets appear to

be sensitive to the nutrient mixture, and the haematological

parameters of these animals become more significantly

affected than the changes observed in the AA group.

There was a very significant increase in Hb, erythrocytes,

leucocytes and platelet counts (P,0·05 v. AA group).

This result showed that the nutrient mixture had indeed

an effect on peripheral blood cell levels in AA mice.

Mitochondria are double-membrane organelles that

play a major role in providing energy and in regulating

osmotic pressure, Ca homeostasis and cell signalling(8).

Mitochondrial aberration is often accompanied by changes

in mitochondrial morphology. The results demonstrated

that the mitochondria of bone marrow cells, splenocytes

and hepatocytes were swollen, and the cristae were

fragmented and solubilised in the AA group. However,

the structure of mitochondria in different doses of the

nutrient mixture groups was restored (Fig. 1). This is con-

sistent with previously reported results that dietary nutrient

mixtures can promote mitochondrial rehabilitation(17–19).

MMP, a significant indicator of cellular viability, is

important for an integrated appraisal of mitochondrial

function(15). Cytochrome c is a critical factor in the apopto-

tic process, and rupture of the mitochondrial membrane

can result in the release of cytochrome c from the

mitochondria into the cytosol(26). We first examined cyto-

chrome c release using Western blot analysis. We found

that the nutrient mixture inhibited cytochrome c release

(Fig. 3), and that the nutrient mixture changed the MMP

(Fig. 2). We also found that dietary supplementation of

AA mice with the nutrient mixture mediated these changes

in a dose-dependent manner. Similar results were demon-

strated that vitamin B6 supplementation prevented the

altered MMP in U937 monocytes(27).

Mutations and the instability of mtDNA have recently

been demonstrated in a wide variety of diseases. Mitochon-

drial dysfunction and the decrease in the amount of

mitochondria may result in the reduction of mtDNA. The

present results showed that the nutrient mixture could

restore the mtDNA content in a dose-dependent manner,

in accordance with the previously reported results that

folic acid supplementation may be protective against

mtDNA deletions(28).

On the basis of the above-mentioned analysis, the

present study has demonstrated that the nutrient mixture

promotes the rehabilitation of mitochondrial aberrations

in AA mice. To the best of our knowledge, this is the first

study to evaluate a nutrient mixture for its nutritional reha-

bilitation of mitochondrial aberrations, and consequently

protects against mitochondrial dysfunction.
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