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Abstract
Background. How brain death affects kidney is still not clear and its mechanism needs further study. Methods. Ten 

Ba-Ma mini pigs were randomized into 2 groups: brain-dead group (n = 5), and control group (n = 5). Brain-dead model 
was established by increasing intracranial pressure. At 3, 6, 12, 18 and 24 hours after the initial brain death, serum BUN, 
Cr, TNF-α, IL-1β, and IL-6 were determined. At 6, 12, and 24 hours, renal tissues were taken, the changes of renal tissues 
were observed by HE staining, the expression of PKC-α and NF-κB by immnohistochemistry, and PKC-α mRNA and 
NF-κB mRNA by RT-PCR. The ultrastructure changes of renal cells were observed under electron microscope. Results. 
Serum BUN and Cr of group B began to increase at 12 hours after initial brain death. Since 3 hours after the initial brain 
death, IL-1β, IL-6, and TNF-α of group B began to increase, and increased with time. Protein expression of PKC-α and 
NF-κB for group B showed significantly higher than those of group C at 6, 12, and 24 hours. PKC-α mRNA and NF-κB 
mRNA expression for group B began to increase since 3 hours. After 12 hours, changes of renal cells could be found in 
group B and no change was found in group C. Conclusions. Brain death may activate PKC-α mRNA and NF-κB mRNA 
transcription and increase the level of inflammatory mediators in kidney, thus release inflammatory factors, and disrupt 
both the renal function and morphology of kidney. [Life Science Journal. 2007; 4(4): 15 – 20] (ISSN: 1097 – 8135).
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1  Introduction

It is an effective solution to meet the shortage of grafts 
by utilizing the kidney organs of the brain-dead donor 
(BBD). The success of the transplantation from the BBD 
is not better than that from living donor both in the short-
term and long-term although the technologies and immu-
nosuppression have improved much. The only difference 
between these two is brain death[1–3]. There are few stud-
ies on how the protein kinase C (PKC) and nuclear factor 
kappa B (NF-κB) impact on the kidney of brain-dead do-
nors. In this research, we established the brain-dead model 
with Ba-Ma mini pigs by increasing intracranial pressure 
(ICP) to observe the change of kidney morphology and 
function, and try to reveal the underlying mechanism.

2  Materials and Methods

2.1 Animals
Ten healthy Ba-Ma mini pigs (aged 6 months and 

weighted approximate 24 kg) were provided by Experi-
mental Animal Centre of the Third Military Medical Uni-
versity (Chongqing, China). Prior to the study, all pro-
tocols were approved by our institution’s animal welfare 
regulatory committee and all protocols conform with the 
the Guide for the Care and Use of Laboratory Animals 
(NIH publication No. 86 – 23, 1996 edition).

2.2 BD model
Pigs were fasted for 12 hours with free access to water. 

Anesthesia was accomplished with ketamine (20 mg/kg, 
intramuscularly), benzodiazepine (10 mg, intramuscular-
ly), and atropine (0.03 mg/kg, intramuscularly); 20 min-
utes later, thiopental sodium (10 mg/kg), pancuronium 
(0.15 mg/kg), and ketamine (2 – 5 mg/kg) injected intra-
venously in the auricle vein. 

*Corresponding author. Email: zhangshuijun@zzu.edu.cn

∙  15  ∙



 Life Science Journal, Vol 4, No 4, 2007                                                                                                                               http://lsj.zzu.edu.cn

After animals were anaesthetized, and craniotomy was 
performed, Foley catheter were placed in the skull, and 
they were randomly assigned to 2 groups: the BD group 
(group B, n = 5) and control group (group C, n = 5). 

2.3 The establishment of brain-dead model with Ba-
Ma mini pigs 

The brain-dead model was established by the improved 
method of Pratschke[4] and Lanza[5]. The pigs in both 
group were generally anesthetized through intravenous 
injection. The respiration was supported by the anaesthet-
ic machine and HR and BP were monitored and recorded 
by the electrocardiogram monitor. The pigs were fixed in 
left recumbent position, establishing the venous access 
at the same time. Craniotomy was carried out along the 
skull median line. A Foley 18F catheter was placed in in-
tracranially epidural space. In the group B, the catheter 
was infused with saline slowly to increase the pressure 
of intracranial pressure (ICP), meanwhile monitoring the 
changes of HR and BP, to establish the brain-dead model. 
The conformation standard of brain-dead were: (1) A deep 
coma. Excluding reversible factors such as anesthesia and 
low temperature, and so on. (2) Absence of oculopupil-
lary reflex and corneal reflex, repeated twice. (3) Loss of 
spontaneous breathing. (4) No EEG activity continuously 
recorded for over 30 minutes. (5) Atropine test negative, 
that was, giving intravenous injection of 1 mg atropine, 
and HR did not accelerate when monitoring per 5 – 15 
minutes (if heart rate accelerated by 20% – 40%, the test 
was positive). (6) The “tic reaction” disappeared. (7) Ob-
servation time of confirming BD: through 12 hours’ ob-
servation after first verification accorded with criteria (1), 
(2), (3), (4) and (6), no changes happened and BD could 
be verified.

2.4 Specimen collection
The samples of serum and kidney tissues were taken at 

3, 6, 12, 18, and 24 hours after the first verification of BD. 
Blood sample (5 ml) taken from superior vena which was 
deposited for 30 minutes and then centrifuged to detect 
serum BUN and Cr, by automatic biochemistry analyzer. 
TNF-α, IL-1β, and IL-6 were measured by ELISA. The 
renal tissues were to detect PKC-α mRNA, by RT-PCR. 

2.4.1 Detection of PKC-α mRNA and NF-κB in renal 
tissue by RT-PCR. Total RNA was extracted from re-
nal tissues by TRIzol assay (Invitrogen Co., USA). PCR 
amplificated after reverse transcription by one-step assay 
kit (Bao Bioengineering Co., Dalian, China). The primer 
was designed according to the gene sequence from Gen-
Bank and synthesized by Bioengineering Corporation. 
The primers of PKC-α (220 bp) were: lateral upstream 

5'-CGCTTCGCCCGCAAAGG-3', downstream: 5'-
GCAGGTGTCACATTTCATCCC-3'; medial upstream: 
5'-TGCACCGACTTCATCTGGG-3', downstream: 5'- 
GATAAGTCCATAGAGCAGGG-3'; Tropnin β (β-actin, 
480 bp) was the internal reference. The primers were: up-
stream, 5'-CATCCTGCGTCTGGACCT-3'; downstream 
5'-TCAGGAGGAGCAATGATCTTG-3'. The product of 
PCR was placed on the 2% agarose gel (stained by 0.5 
μg/ml ethidium bromide), observed under ultraviolet ray 
projectoscope. The pictures were integral absorbance ana-
lyzed by gel picture analysator. 

2.4.2 Detection of PKC-α by immunohistochemistry. 
The procedure of SP-immunohistochemistry followed the 
kit maunal. Positive cells are brown-yellowish with gran-
ular and patchy staining patterns. PKC mainly confined 
in cytoplasm and cell membrane, while NF-κB mainly 
located in nucleus and cytoplasm. The positive cells in 5 
microscope visions were counted. The positive rate was 
calculated as: the positive rate = the positive cell popu-
lation / the total cell population, taking PBS as negative 
control to replace first antibody. 

2.4.3 Morphology observation. Tissues taken from up-
perpole of kidney stained with HE were observed under 
light microscope, and those fixed with glutaraldehyde 
were observed under the electron microscope.

2.5 Statistic analysis 
The quantitative variables were expressed as mean ± 

standard deviation ( X  ± s). Using SPSS 10.0 software, 
ANOVA and one-way ANOVA were applied. Significant 
level α = 0.05.

3  Results

3.1 The changes of kidney function
The serum BUN and Cr in group C kept stable during 

the 24 hours (p > 0.05). Twelve hours after BD, serum 
BUN and Cr in group B began to increase. The serum 
BUN and Cr in group B were more than in group C from 
12 hours to 24 hours after brain death (p < 0.05). At the 
same time, since 12 hours after brain death the serum 
BUN and Cr kept increasing in the following 12 hours (p 
< 0.05). The data were shown in Table 1.

3.2 Changes of inflammatory mediators
The levels of serum IL-1β, IL-6 and TNF-α kept stable 

in control group during the whole detection (p > 0.05). 
Three hours after BD, the levels of serum IL-1β, IL-6 and 
TNF-α in group B began to increase. Three hours after 
brain death the serum IL-1β, IL-6 and TNF-α of group 
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B were more than those of group C, and continued to in-
crease with time. Twenty-four hours later, serum IL-1β, 
IL-6 and TNF-α of group B were high above those of 
group C. The data were shown in Table 1.

3.3 PKC-α protein and NF-κB p65 protein in kidney
Figure 1 showed that PKC-α proteins of group C were 

confined to the cytoplasm of normal renal cells and a 
small quantity of PKC-α protein could be found under 
light microscope. The PKC-α protein of group C almost 
kept at the same level in the 24 hours. In group B, 6 hours 
after BD, more positive cells appeared in the kidney tis-
sues, and more with the time. At 6, 12, 24 hours the posi-
tive cells in group B were more than those of group C (p 
< 0.05). The data were shown in Table 2. 

Figure 2 showed that in group C, the NF-κB p65 pro-
teins were mainly within the cytoplasm of normal renal 
cells, and was rare in the nucleus. Similarly, the NF-κB 
p65 protein expressed mainly in the cytoplasm during 
the 24 hours. Although the nuclear NF-κB p65 protein in 
group B were more than those in group C from 6 hours 
after brain death, the difference were of no significance. 
Comparision within the B group revealed that more and 
more NF-κB p65 protein were found with time passed, 
but the increase were so small that it was not statistically 
different.

3.4 PKC-α mRNA and NF-κB mRNA in renal tissues
Figure 3 showed that the PKC-α mRNA didn’t change 

much in group C. In group B, the transcriptional levels of 
PKC-α mRNA began to increase three hours after brain 
death, and increasd in the following hours (p < 0.05). 
From 3 hours after brain death, PKC-α mRNA expressed 
in group B were more than in group C (p < 0.05). The data 
were shown in Table 3. 

3.5 Morphology changes
In group C, the shape of kidney was normal. Under light 

microscope, renal tubular cells were lined up in order, the 
cells were stained equaly, glomeruli were almost normal. 

Under the electron microscope, affluent chondriosome in 
the renal tubular cells, and the structure of chondriosome 
crista was clear and complete. 

Six hours after BD the renal shape was normal in group 
B, and observation under light microscope and electron 
microscope were similar with the group C except that the 
chondriosome of proximal convoluted tubule swelled, and 
the structure of chondriosome crista was not so clear.

Twelve hours after BD, light microscope observation 
showed that the renal tubular cells were slightly cloudy 
swelling, the cells of proximal convoluted tubule swelled, 
the lumens became thinner, the number of cells in glom-
erulus increased, Bowman’s renal capsule shrank with red 
blood cells and pink-stained substances inside. The proxi-
mal convoluted tubule were generally denatured. There 
were vacuolus and cell organelle in the glomerular capil-
lary became some brush borders of proximal convoluted 
tubule fractured, and the structure of chondriosome crista 
became vague even disappeared. Electron microscope re-
vealed that the chondriosome of renal tubular cells swelled 
and the crista disordered.

At 24 hours the swelling of cells in group B became 
more obvious under light microscope, and part of proxi-
mal convoluted tubule cells got swelled heavily and vacu-
olar degenerated. Part of proximal convoluted tubules 
were obstructed. There were no obvious changes of glom-
crulus, and the inflammatory cells infiltrated interstitial 
tissue. The number of cells in glomeruli increased, and 
some capsules of glomerulus became small, others be-
came dilated, with a lot of RBCs and equably pink-stained 
substance inside. The proximal convoluted tubules gener-
ally denatured and even became necrosis. Under electron 
microscope, there were vacuolus and cell organelles in 
the glomerular capillary because some brush borders of 
proximal convoluted tubules fractured, and the structure 
of chondriosome crista became vague even disappeared. 
Cell edema, mitochondia swelling, crista disappearing 
and parts of chondriosome membrans dissolving were 
also observed. The cell nucleolous extruded to renal tu-
bule lumens. The arrangement of chondriosome that sur-
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Table 1. The parameter changes of the levels of  liver function ( X  ± s, mmol/L)

Group
Measuring time (hours)

3 6 12 18 24

BUN
C 2.31 ± 0.09 2.33 ± 0.06 2.38 ± 0.02 2.30 ± 0.02 2.37 ± 0.04
B 2.41 ± 0.11 2.40 ± 0.10 3.68 ± 0.02ab 4.79 ± 0.02abc 5.76 ± 0.02abcd

Cr
C 42.00 ± 0.32 44.60 ± 1.21 42.80 ± 0.73 42.80 ± 0.73 43.60 ± 0.68
B 42.40 ± 0.51 43.40 ± 1.40 79.80 ± 0.80ab 85.60 ± 0.80abc 93.60 ± 1.03abcd

n = 5, a: vs. C group, p < 0.05; b: p < 0.05 vs. the 6 hours; c: p < 0.05 vs. the 12 hours; d: p < 0.05 vs. the 18 hours;
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Table 2. The changes of the levels of inflammatory mediators at each time point ( X  ± s,  pg/ml)

Group
Measuring time (hours)

3 6 12 18 24

IL-1β
C 5.91 ± 0.17 5.91 ± 0.10 6.06 ± 0.12 6.08 ± 0.12 6.10 ± 0.15
B 8.26 ± 0.21a 9.17 ± 0.08ab 10.30 ± 0.11abc 12.53 ± 0.35abcd 16.37 ± 0.16abcde

IL-6
C 17.35 ± 0.59 18.04 ± 0.23 17.99 ± 0.83 17.77 ± 1.05 17.62 ± 0.67
B 29.50 ± 1.92a 37.92 ± 1.69ab 46.32 ± 1.70abc 56.62 ± 1.95abcd 66.68 ± 2.11abcde

TNF-α
C 17.35 ± 0.59 18.04 ± 0.23 17.99 ± 0.83 17.77 ± 1.05 17.62 ± 0.67
B 29.50 ± 1.92a 37.92 ± 1.69ab 46.32 ± 1.70abc 56.62 ± 1.95abcd 66.68 ± 2.11abcde

n = 5, a: B group vs. C group, p < 0.05; b: p < 0.05, vs. the 3 hours; c: p < 0.05, vs. the 6 hours; d: p < 0.05, vs. the 12 hours; e: p < 0.05, vs. 
the 18 hours. 

        

Figure 1. A: Expression of PKC-α protein in group C, × 400; B: Expression of PKC-α protein in group B at 6 hours, × 400; C: Expression of 
PKC-α protein in group B at 24 hours, × 400.

Figure 2. A: NF-κB P65 in group B, × 400; B: NF-κB P65 in group B at 6 hours, ×400; C: NF-κB P65 in group B at 24 hours, ×400.

Table 3. The  PKC-α and PKC-α mRNA at different time 
after BD ( X  ± s)

Group
Measuring time (hours)

6 12 24

PKC-α
(pg/ml)

C 0.09 ± 0.01 0.10 ± 0.02 0.11 ± 0.02
B 0.22 ± 0.04a 0.38 ± 0.04ab 0.52 ± 0.06abc

PKC-α
mRNA

C 0.87 ± 0.03 0.85 ± 0.02 0.86 ± 0.04
B 1.10 ± 0.02 1.16 ± 0.05ab 1.55 ± 0.05abc

n = 5, a: vs. C group, p < 0.05; b: vs. the 6 hours, p < 0.05; c: 
vs. the 12 hours, p < 0.05.

      

Figure 3. Left: PKC-α mRNA in all groups; Right: NF-κB mRNA in all 
groups.



Shi, et al, Brain death affects the renal morphology and function of Ba-Ma mini pigs 

∙  19  ∙

Figure 4. A: Expression by HE strain in group C at 24 hours, × 400; B: Expression by HE strain in group B at 12 hours, × 400; C: Expression 
by HE strain in group B at 24 hours, × 400.

Figure 5. A: Expression in group C at 24 hours, EM × 7000; B: Expression in group B at 12 hours, EM × 10000; C: Expression in group B 
at 24 hours, EM × 10000.

rounded microvilli became disordered (Figures 4 and 5).  

4  Discussion

The donors of BD have become the main source of kid-
ney transplantation donors in many countries. With the 
advance of the BD legislation in our country, the trans-
plantation will be possible by utilizing the BD donors. 
But recent researches showed that the non-immune fac-
tors such as BD have an important impact on the function 
of grafts, and have a close relationship with the chron-
ic disfunction of grafts. At present the changes and the 
mechanism of renal lesion in the state of BD are not ex-
actly clear, so it will be significant to discover the changes 
and the mechanism of renal lesion of BD.

Du et al[7] established the cat BD model to observe the 
kidney structure changes during BD. It was observed un-
der microscope the proximal convoluted tubule cells got 
swelled heavily, vacuolar and granula degeneration, the 
proximal convoluted tubule obstructed, and the number 
of glomeruli of kidney cell increased, in which there were 
juxtaglomerular apparatus and macula densa hyperplasy. 
It was also observed that there were injured chondrio-
some, vague crista, dilated endocytoplasmic reticulum and 

cell death under electron microscope. Six hours after the 
first verification of BD, Van der Hoeven[8] observed that 
there were inflammatory cells infiltrated in the renal tis-
sue in the rat BD model. The experiment showed that the 
glomeruli of kidney were almost normal, proximal con-
voluted tubule slightly denatured and the chondriosome 
of proximal convoluted tubule swelled, and the structure 
of crista was not clear at 12 hours from light microscope. 
At 24 hours the swelling of cell became more obvious, 
and part of proximal convoluted tubule cell got swelled 
heavily and vacuolar degeneration, and part of proximal 
convoluted tubules were obstructed, and inflammatory 
cells infiltrated interstitial substance under light micro-
scope. Twenty-four hours after initial verification of BD 
there were swelled chondriosomes and crista disappeared. 
During the whole experiment glomeruli of kidney were 
almost normal, the injury mainly occurred in the proximal 
convoluted tubules, and all the changes were less severe 
than those already reported. The reasons maybe the dif-
ferences of experimental animals, the establishing ways 
of BD model and the maintaining condition. Nagareda[9] 
observed the changes of kidney injury in state of BD by 
kidney biopsy. The changes: there were the circumscribed 
denatured tubule in the initial phase of BD, and the do-
main extended over time; these changes of renal tubule 



 Life Science Journal, Vol 4, No 4, 2007                                                                                                                               http://lsj.zzu.edu.cn

∙  20  ∙

distal end were extensive than the proximal end, at the 
same time there were progressive hyperplasy in the en-
dotheliem, engorgement of glomcrulus, glomcrulus circa 
inflammation, glomcrulus circa fibrosis, and the denature, 
atrophy, cell necrosis of renal tubular became more obvi-
ous after 3 days. The factors such as ethics, morality, reli-
gion and law etc. restricted the further research on BD.

In this experiment we established the stable BD model 
via respiration and circulation sustaining to the stable hae-
modynamics with Ba-Ma mini pigs to simulate the clini-
cal practice and further research the BD. We observed 
that there were progressive acute injury changes in the 
renal tissues during the 24 hours after BD, but there were 
no glomcrulus circa fibrosis and cell necrosis of renal tu-
bular. That may be the short time we observed, and the 
injury changes would become worse over time. 

The mechanism of the kidney injury changes after BD 
is unclear at present. Some scientists take that the inten-
sive change of haemodynamics and subsequent hypoten-
sion in the state of BD maybe the causes of organs in-
jury[10]. In the condition of stable haemodynamics, at 3 
hours after the brain death the levels of serum TNF-α, 
IL-1β, and IL-6 increased, and persistently increased over 
time. The levels of BUN and Cr obviously increased 12 
hours after BD, which suggested that the inflammatory 
mediators might induce the kidney injury, and the injury 
of the BD donor organs had relation with the changes of 
the immune state.

The research showed that PKC exists in cytoplasm and 
it played an important role in the IP3-DG signal transduc-
tion system. An experiment proved that the PKC activa-
tion could induce the synthesis and release of TNF, IL-1, 
IL-6, IL-8, PAF, NO, etc.; PKC phosphorylated IκB, the 
inhibitor of NF-κB, thus dissociate NF-κB-IκB from the 
cytoplasm, as a result, NF-κB were activated to enter the 
nucleus. NF-κB is considered the chief factor that regu-
lates inflammatory reaction, which can up-regulate varied 
inflammatory mediators such as TNF-α, IL-1, IL-6, IL-8, 
and oxygen free radicals[11–13]. In this experiment, 3 hours 
after brain death, transcriptional level of PKC-α mRNA 
and NF-κB increased obviously by RT-PCR. The high ex-
pression of PKC-α protein could be detected in renal tis-
sues, and the levels of IL-1β, IL-6, and TNF-α increased, 
too. Both of the increase tendencies were in concordance. 
We presume that maybe the mechanism of kidney injury 
is the exterior signal activating PKC-α, and PKC activat-
ed NF-κB, then they could induce the synthesis and re-
lease of TNF-α, IL-1, and IL-6, etc, therefore induced the 
non-specificity kidney injury. The station of inflallergize 
with subsequent cutting of kidney transplantation, warm 
ischemia, cropping, cold conservation, ischemical reper-

fusion injury makes the kidney rejection more easy. The 
pathophsiologic changes of BD are very complicated, and 
PKC-α induced the mechanism of kidney injury need to 
be further researched.

5  Conclusion

In this study we began with the PKC-α and NF-κB 
cell signal pathway to observe the injury changes of renal 
morphology and function make worse over time. It maybe 
is one of the risk factors that impact the function of kidney 
in BD. The progressive injured tendency is similar with 
the increasing tendency of IL-1β, IL-6 and TNF-α etc, 
which suggest the inflammatory mediators or the immune 
state of organs maybe an important factor that induce the 
renal dysfunction of BD.
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