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-is paper proposes a study on the effect of hybrid blood purification therapy based on camel nanoantibody immunoadsorbent on
chronic renal failure patients in nephrology department. In this paper, the hybrid blood purification therapy based on camel
nanoantibody immunoadsorbent was applied to patients with chronic renal failure, and the curative effect of the patients was
studied. In order to highlight the effect, a control group was set up for comparison. In this paper, the clearance effect of small
molecule toxin, middle molecular toxin, and dialysis adequacy was analyzed. -is study found that the average dialysis adequacy
of the control group was 1.23% and that of the experimental group was 1.26%. -e dialysis adequacy of the experimental group
was significantly better than that of the control group. In addition, the clearance effect of small and medium molecular toxins in
the experimental group was significantly better than that in the control group. It can be seen that the hybrid blood purification
therapy based on camel nanoantibody immunoadsorbent is effective in the treatment of chronic renal failure patients in the
department of nephrology. -erefore, it is of great value to apply camel nanoantibody in the clinical treatment of renal failure.

1. Introduction

Generally speaking, chronic renal failure refers to a variety of
chronic kidney disease caused by the decline of glomerular
filtration rate, resulting in toxic substances retention, elec-
trolyte and acid base imbalance, endocrine disorders, and
other clinical symptoms, and eventually develops into end-
stage renal failure. -e incidence rate of chronic renal failure
has shown an upward trend in recent ten years. -e
treatment of this disease is maintenance treatment. -e
process is long and requires a lot of manpower and financial
resources, whether it is a heavy burden to the country or to
the family, or to the individual. -erefore, it is very im-
portant to study the treatment of chronic renal failure.

Scholars have found that there is a natural heavy chain
antibody in camels. -is antibody does not contain light
chain. It is a single domain antibody obtained after cloning
the variable region of heavy chain antibodies in camel. -is

antibody is called nanoantibody and contains only one heavy
chain variable region [1, 2]. Camel-derived nanoantibodies
have many characteristics, such as small molecular weight,
strong stability, good solubility, easy expression, weak im-
munogenicity, strong penetration, strong targeting, and
simple humanization. Because of these characteristics,
camel-derived nanoantibodies have achieved good appli-
cation effect in the diagnosis and treatment of diseases. -e
application of camel-derived nanoantibodies can also reduce
the cost [3, 4]. In this way, it will be of great significance to
study the effect of camel-derived nanoantibodies in the
treatment of renal failure patients, for the prevention and
treatment of renal failure patients [5, 6].

Rabbit anti-camel antibodies can be detected by ELISA and
western blotting, and their reactivity to all different camel IgG
subclasses, which are purified from serum by differential af-
finity chromatography of protein-g and protein-a, is equal.
Based on this, Shen used crude rabbit serum as raw material,
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purified by protein a column affinity chromatography, and
prepared a standard stock of rabbit anti-camel antibodies
(1mg/ml) to detect camelid immunoglobulin and its derivative
nanobodies [7, 8]. On the other hand, rabbit anti-camel an-
tibodies can also recognize nanobodies, and Shen provides an
alternative method to detect the main body of these
recombinant proteins [9, 10]. His research discusses the syn-
thesis of nanobodies, which has certain reference significance
for the research of this article, but his research lacks the re-
search on the clinical application of nanobodies [11, 12]. In
order to explore the possibility of transforming immunotoxins
into clinical antibodies, Cooper humanized the nanoantibody
sequence and further truncated the pe38 toxin from Pseudo-
monas exotoxin A (PE) to produce a more protease resistant
form [3, 13]. Cooper successfully constructed the nanoantibody
sequence-pe38 targeting CD7 molecule-modified immuno-
toxin and proved its potential in the treatment of CD7-positive
malignant tumors, especially T-cell acute lymphoblastic leu-
kemia [14, 15]. Cooper’s research lacks experimental data, and
its persuasiveness is weak [16, 17]. Ekart obtained high-titer
anti-cd133 antibody from immunized camel, which provided
basis for preparation of anti-cd133 nanoparticles [18, 19]. Ekart
amplified the extracellular domain gene fragment of CD133 by
PCR and connected it into pET28a plasmid to construct
prokaryotic expression vector. -e recombinant CD133 pro-
tein was induced to express by IPTG [20, 21]. In addition, he
immunized one male Bactrian camel and two New Zealand
rabbits with purified rcd133 antigen. -e titer of polyclonal
antibody and its specific binding to CD133 protein were de-
tected by enzyme-linked immunosorbent assay (ELISA) and
western blotting [22, 23]. Ekart’s research confirmed that
camel’s high-titer anti-cd133 polyclonal antibody had higher
specificity than rabbit’s, which laid a good foundation for future
experiments, but further exploration was needed in practical
application [24].

Renal failure has always been a kind of disease that
perplexes people’s physical and mental health, and chronic
renal failure is very serious to patients. With the develop-
ment of science and technology, hybrid blood purification
therapy based on camel nanoantibody immunoadsorbent
has been applied in patients with chronic renal failure, but its
efficacy needs further study.-erefore, this paper studies the
effect of hybrid blood purification therapy based on camel
nanoantibody immunoadsorbent on patients with chronic
renal failure in nephrology department. In the research
process, this paper analyzes the clearance effect of small
molecular toxins, the clearance effect of medium molecular
toxins, and dialysis adequacy. -e results of this study show
that the therapeutic effect of hybrid blood purification
therapy based on camel nanoantibody immunoadsorbent is
better than that of general blood purification therapy in all
aspects. -erefore, it is of great value to apply camel
nanoantibody in the clinical treatment of renal failure.

2. Materials and Methods

2.1. Materials. -e main ingredients used in this paper are
as follows: Sepharose CL-6B, DMSO, epichlorohydrin, 6-
aminohexanoic acid, ethanolamine, N, N-dimethylformamide,

1-ethyl-(3-dimethylaminopropyl) carbodiimide, hydrochloric
acid, acetone, N-hydroxysuccinimide, phenolphthalein, so-
dium thiosulfate, immunoglobulin (Ig), human serum albumin
(HSA), glycine, and camel-derived nanoantibodies.

-e main instruments used are as follows: enzyme-la-
beled instrument, UV-1201 visible spectrophotometer, SH-
II circulating water vacuum pump, constant flow peristaltic
pump BT0O-100M, glass column, and G3 sand core funnel.

2.2. Experimental Methods

2.2.1. General Information. Forty-five patients with chronic
renal failure in the Department of Nephrology from De-
cember 2018 to December 2019 in a hospital were selected.
-e age of these patients was 70 years old, and the youngest
was 21 years old. -e average age was 46 years old, including
28 male patients and 17 female patients. -ese patients had
no symptoms of infection and excluded complications such
as tumor, heart failure, pulmonary edema and liver disease.

2.2.2. Experimental Design. Blood purification is mainly
based on the principle of semipermeable membrane, the
blood and dialysate are introduced into the instrument at the
same time for penetration, and the flow direction is opposite.
-e purpose of removing metabolites or toxic substances in
the body is achieved through dispersion, transportation, and
adsorption on both sides of the hemodialysis membrane. On
the other hand, the residual water in the body can be re-
moved by excessive filtration and osmosis, and the useful
components such as acid carbonate can be supplemented to
correct the interference of electrolyte, acid, and alkali.

In the experiment, we include 45 patients, randomly
divided into two groups, the experimental group and the
control group, including 23 patients in the experimental
group and 22 patients in the control group. In the two
groups of patients, from the age level, there is no significant
difference between the two groups, which is not statistically
significant. On the other hand, from the gender point of
view, the patients between the two groups were not sta-
tistically significant, that is, there was no significant dif-
ference between the two groups in gender. In the
experimental process, the experimental group was treated
with hybrid blood purification therapy based on camel
nanoantibody immunoadsorbent, while the control group
was treated with conventional blood purification therapy.
Other variables were controlled under the same conditions
to maintain a single variable and ensure the reliability of the
data.

2.2.3. Observation Index. Before and after blood purification
treatment, we need to draw up some observation indexes to
determine the experimental effect. -erefore, we chose ar-
terial blood sampling, then separated the serum, and carried
out routine detection in the laboratory of the hospital to
determine the serum creatinine (SCR), urea nitrogen (BUN),
blood phosphorus (P), and other indicators of the two
groups of patients. On the other hand, we also need to
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measure parathyroid hormone (PTH), which was completed
by radioimmunoassay. In addition, we also need to calculate
the clearance rate of each toxin and dialysis adequacy (kt/V):

SRR �
(CB − CA)

CB
  × 100%. (1)

In formula (1), CB and CA are blood concentrations
before and after dialysis.

-en, the calculation formula of dialysis adequacy (kt/V)
is as follows:

Kt
V

  � −Ln(R − 0.008t) +(4 − 3.5R) ×
UF
W

 . (2)

In formula (2), Ln represents the natural logarithm, R
represents the ratio of bun concentration after dialysis to
that before dialysis, UF represents ultrafiltration volume,
and W represents the weight of patients after dialysis.

2.2.4. Data Processing. In order to make the data more
convincing, this paper carries out data processing. In the
process of data processing, the data processing software is
SPSS 20.0. On the other hand, the data in this paper were all
tested by F-test and chi-square test. Among the data of each
group, p< 0.05 is the data with difference, that is, when the
data of each group is p< 0.05, the data will have statistical
significance.

3. Nanoantibody

3.1. Structure ofNanoantibodies. As we know, antibodies are
immunoglobulins secreted by B lymphocytes or memory
cells, which can specifically connect with the corresponding
antigens and are an important part of the human immune
system. Nanoparticles are the smallest known antigenic
fragments. In general, the molecular weight of scFv is about
30 kd, while the molecular weight of nanoparticles is about
15 kD, which is equivalent to one-tenth of the normal an-
tibody. On the other hand, there are sulfite bonds in the
interior of the nanoparticles, and there are many hydrophilic
residues on the surface. As we know, ordinary antibodies
have six CDRs, while nanoantibodies only have three.
However, although nanoantibodies have only three CDRs,
they already have a complete antigen binding fragment. Not
only that but also they have strong specificity and high
affinity. We already know that nanoantibodies have three
CDRs. How many CDRs does it have? It’s four. -e amino
acid sequence of the skeleton region of the nanoantibody is
relatively conservative. In this way, the amino acid sequence
height of CDR can be changed, which is one of the deter-
minants of the specificity of the nanoantibody.

3.2. Characteristics of Nanoantibodies

3.2.1. Small Molecule, Strong Structural Stability. -e
nanoparticles are very small and have a molecular weight of
one-tenth of the normal antibody. At room temperature,
nanoantibodies are easier to store and use than other or-
dinary antibodies. Moreover, at 37°C for a week, the

nanoantibodies can maintain more than 80% of biological
activity. On the other hand, the structure of the nanoanti-
body is very stable. Even if it is stored in the environment of
90°C for a long time, its nature can be restored, and its
biological activity can be regained after the room temper-
ature is restored.

3.2.2. Good Solubility and Strong Tissue Penetration.
Hydrophobic residues and hydrophilic residues are related
to the solubility of substances. In nanoantibodies, the hy-
drophobic residues become hydrophilic residues. In this
way, the solubility of nanoantibodies is very good, which is
better than that of general antibodies. On the one hand,
nanoparticles have strong tissue penetration ability, can
enter into dense tissue, play a role in it, and even effectively
penetrate the blood-brain barrier.

3.2.3. High Affinity. Because of the structural specificity of
nanoantibodies, nanoantibodies can reach the parts of the
body that cannot be reached by normal antibodies. In this
way, nanoantibodies can recognize specific epitope struc-
tures. In this way, both proteins and viruses in macro-
molecules, haptens, and peptides in small molecules can be
recognized one by one with high affinity.

3.2.4. Weak Immunogenicity to Human Body. As we all
know, the size and chemical structure of antibody molecules
will affect immunogenicity, while the molecular weight of
nanobodies is very small. Not only that but nanobodies have
only one domain, so the immunogenicity of nanobodies will
be weaker.

3.2.5. Easy to Express, Purify, and Modify. Nanobodies are
not only small in molecular weight but also relatively simple
in structure. Not only that but nanobodies are encoded by a
single gene. In this way, it can be synthesized in microor-
ganisms, and genetic engineering methods can be used to
allow nanobodies to be expressed in large quantities in some
microorganisms, thereby achieving large-scale production
and obtaining more nanobodies, thereby reducing pro-
duction costs.

4. Camel-Derived Nanoantibody

In order to maintain the normal function of heavy chain
antibody, camel VHH gene has been selectively developed in
many important functional sites. In the FR2 region of VH
region of common antibodies, v37, g44, L45, and w47 interact
with VL region, while in heavy chain antibody, these four
amino acid residues are characteristic mutations, and the
mutation sites are F (Y) 37, E44, R45, and g47. -e changes of
these four positions enhance the hydrophilicity of VHH, so it is
not necessary to form a bilateral structure with VL to keep the
structure stable. VHH camel gene and human VH gene are
very similar, the similarity is as high as 80%–90%, and the
structure is very similar. -ey contain three hypervariable
regions (FVR) and four skeletal regions (FR). -e difference
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between VHH camel and human VH is small, but cannot be
ignored. -e CDR1 and CDR3 of VH were longer than VH.
-e CDR3 region of VHH gene is about 16–18 amino acids,
while that of human and mouse VH gene is only 14 and 12
amino acids. At the same time, the VHH gene mutations of
fr2v37, G44, L45, and w47 were significantly different.

4.1. Preparation of Adsorbent. -e main synthetic steps of
adsorbent are as follows:

(1) Epoxy activation
In this step, we first take Sepharose CL-6B of 5mL, then
wash it with double distilled water and drain it, and
then replace the ethanol in agarose gel with double
distilled water. After full cleaning, Sepharose CL-6B is
then dried, and 2M NaOH is used to clean the gel, and
then the liquid is drained. After this procedure is
completed, we first put 5mL2MNaOH in the 50mL
cone bottle, then put the dried gel into the cone bottle,
and shake it so that it can be mixed evenly.-en, 15ml
DMSO and 2.5ml EPI were added. In addition,
Sepharose CL-6B was placed in a 50ml conical flask
and immediately placed in a constant temperature
shaker at 37°C. At the same time, timing was started. In
this process, the reaction time was 12min. After the
reaction, Sepharose CL-6B was cleaned with 30% ac-
etone, 70% acetone, and 100% acetone. After that,
Sepharose CL-6B was cleaned with 70% acetone and
30% acetone. After that, Sepharose CL-6B was cleaned
with a large amount of water.

(2) Coupling 6-aminocaproic acid
In this step, Sepharose CL-6B-EPI gel is first placed
in the funnel of the G3 sand core and then washed
with pH� l1 concentration of 0.1M sodium car-
bonate/sodium bicarbonate buffer. After this step is
completed, drain, and add 10ml pH� ll, 0.1M so-
dium carbonate/sodium bicarbonate buffer solution.
Finally, 6-aminocaproic acid with final concentra-
tion of 0.34M (about 250 times of epoxy density
molar mass excess) was added, and the pH was
adjusted with 2m NaOH to make pH� 11,37°C, and
then the reaction was carried out at 170 rpm for 17H.

(3) Ethanolamine blocks epoxy groups
We put the dried Sepharose CL-6B into a dry conical
flask and then add 20ml of 6% ethanolamine
aqueous solution with pH� 10. -e reaction was
carried out at a temperature of 30°C and a rotation
speed of 175 rpm for at least 4 hours. After the re-
action is finished, according to the corresponding
sequence, wash with large amount of double steam
water, wash with 1M NaCl, wash with double steam
water, and then measure the density of remaining
epoxy group.

(4) NHS
In this step, we first use agarose gel to wash with
double distilled water. -is cleaning requires a lot of
double distilled water. After this procedure is

finished, we use 1M NaCl to wash and then use
double distilled water to wash. After draining, we use
DMF for flushing, which needs to be done twice.
After these steps, we added 5ml DMF into a dry
conical flask and added ED-CHCI with final con-
centration of 0.2m and NHS of 0.2m, all of which
were molar mass excess of 100 times epoxy density.
After that, the reaction was carried out at a tem-
perature of 30°C and a speed of 175 rpm for 6 h. After
the reaction, it was cleaned with a large amount of
DMF and stored in DMF at room temperature.

(5) Conjugation of nanoantibodies
In this step, we used ultrafiltration to change the so-
lution into PBS buffer solution with pH 7.4 and
concentration of 10mm and then determined the
protein concentration by BCA method. After that, the
agarose gel was washed with a large amount of water,
and Sepharose CL-6B was added to the PBS buffer to
wash and dry.-en, the 3.4mL nanoantibody solution
was added into the 10mL centrifuge, and 1mL
Sepharose CL-6B gel was added to the centrifuge tube
at a temperature of 30 degrees C for 175 rpm. -e
reaction time was 2H. After centrifugation, the su-
pernatant was taken for determination, and the protein
content in the supernatant was determined, and the
supernatant was taken out for ultrafiltration preser-
vation. After that, it was washed with 1m NaCl for
twice, and then Sepharose CL-6B was centrifuged at
8000 rpm. After centrifugation, the supernatant was
collected and ultrafiltrated to recover the camel-derived
nanoantibody. After that, the unreacted camel-derived
nanoantibody in the supernatant was sucked away with
a pipette gun. -e remaining unreacted NHS was
sealed with 6% ethanolamine solution of pH 8.0 and
centrifuged at 30°C and 175 rpm for 4h.

(6) Preservation
After the above steps are completed, we repeatedly
clean Sepharose CL-6B-camel nanoantibody with
double distilled water and then wash it with PBS
solution after being dried. After cleaning for two
times, then drain again. After that, put the prepared
adsorbent in L×PBS with pH 7.4, store it in a re-
frigerator at 4°C, and then add the final concentra-
tion of 0.2% according to the volume of PBS sodium
azide was used as antibacterial agent.

5. Results and Discussion

5.1. Analysis of Clearance Effect of Two Groups of Small
Molecule Toxins. After 6 months, the clearance effect of
small molecule toxins in the two groups was analyzed and
compared with that before the experiment [25, 26].

5.1.1. Analysis of Clearance Effect of Blood SCR. -e
clearance effect of blood SCR in the two groups before and
after the experiment was analyzed, and the results are shown
in Figure 1.
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Figure 1 shows the clearance effect of blood SCR between
the two groups. In Figure 1, we can see that there is no
significant difference between the two groups in blood SCR
average concentration before the experiment. Among them,
the average blood SCR concentration of the control group
before the experiment is 703.12 μmol/L, and the average SCR
concentration of the experimental group is 698.56 μmol/L,
with no significant difference. After the experiment, the
average value of blood SCR concentration in the control
group was 502.43 μmol/L, and the average value of blood
SCR concentration in the experimental group was
456.26 μmol/L. -e average value of blood SCR concen-
tration in the experimental group was significantly lower
than that in the control group, and the data between the two
groups had obvious differences. In addition, the average SCR
clearance rate of the control group was 28.5% and that of the
experimental group was 34.7%. -e average SCR clearance
rate of the experimental group was significantly higher than
that of the control group [27]. -erefore, the clearance of
SCR in the experimental group was better than that in the
control group.

5.1.2. Analysis of Clearance Effect of Blood P. -e clearance
effect of blood p in the two groups before and after the
experiment was analyzed, and the results are shown in
Figure 2.

It can be seen from Figure 2 that, before the experiment,
the average blood P concentration of the control group was
2.43mmol/L, and the average blood P concentration of the
experimental group was 2.56mmol/L. -erefore, there was
no significant difference between the two groups before the
experiment. -en, after the experiment, the average blood P
concentration in the control group was 1.98mmol/l, and the
average blood P concentration in the experimental group
was 1.82mmol/l. -e average blood P concentration in the
experimental group was lower than that in the control group.
-e blood p clearance rate was calculated. -e average

clearance rate of blood p in the control group was 18.5%, and
the average clearance rate of blood p in the experimental
group was 28.9%.

5.2. Analysis of Clearance Effect of Intermediate Molecular
Toxin (PTH) between theTwoGroups. -e clearance effect of
PTH between the two groups was analyzed. -e results are
shown in Table 1 and Figure 3.

It can be seen from Table 1 and Figure 3 that, before the
experiment, there was no significant difference in blood PTH
concentration between the two groups. -e average blood
PTH concentration of the control group was 296.35 pg/ml
and that of the experimental group was 295.35 pg/ml.
However, after different treatment methods, the average
value of PTH concentration in the control group was
248.56 pg/ml, and the average value of PTH concentration in
the experimental group was 125.35 pg/ml. -e average value
of PTH concentration in the experimental group was sig-
nificantly lower than that in the control group. In addition,
the PTH clearance rate of the experimental group was 57.6%,
while that of the control group was only 16.1%. It can be seen
that the treatment effect of the experimental group is better.
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Figure 1: Analysis of SCR clearance effect in two groups.
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5.3. Dialysis Adequacy (kt/V) Analysis between the Two
Groups. -e blood bun concentration between the two
groups was analyzed. -e results are shown in Table 2.

It can be seen from Table 2 that, before the experiment,
there was little difference in blood bun concentration be-
tween the two groups, but after the experiment, the blood
bun concentration between the two groups changed, and the
data between the two groups had difference.

-e blood bun clearance rate and dialysis adequacy (kt/
V) were compared between the two groups, and the results
are shown in Figure 4.

It can be seen from Figure 4 that the average blood bun
clearance rate of the control group was 60.44%, and that of

the experimental group was 65.15%. -ere was significant
difference between the two groups. On the other hand, the
average value of dialysis adequacy in the control group was
1.23%, and that in the experimental group was 1.26%. -e
dialysis adequacy of the experimental group was signifi-
cantly better than that of the control group.

6. Conclusions

Due to the high cost of kidney transplantation, the difficulty
in matching the kidney source and the high risk of surgery
and the clinical treatment of patients with chronic renal
failure is based on dialysis. Dialysis treatment can signifi-
cantly improve the quality of life of patients and prolong
survival time. With the development of science and tech-
nology, hybrid blood purification therapy based on camel-
derived nanobody immunosorbent has emerged and has
been proven effective through research. Many clinics have
applied it to the treatment of patients with chronic renal
failure in the Department of Nephrology, but its efficacy still
needs to be explored in depth. For this reason, this article has
conducted a study.

In the research process, this paper briefly introduces the
preparation method of camel-derived nanoantibody
immunoadsorbent and introduces the camel-derived
nanoantibody to a certain extent. In the experiment, the
control group was divided into two groups. -e control
group was treated with general blood purification therapy,

Table 1: Elimination effect of medium molecular toxin (PTH).

Group Concentration before experiment (pg/ml) Concentration after experiment (pg/ml) Clearance rate (%)
Control group 296.35± 200.12 248.56± 100.12 16.1
Experience group 295.36± 231.35 125.23± 115.25 57.6

296.35

248.56

16.1

125.23

57.6

Concentration before 
experiment (pg/ml)

Concentration a�er 
experiment (pg/ml)

Clearance rate (%)

Group

0

50

100

150

200

250

300

350
Av

er
ag

e v
al

ue

Control group
Experience group

Figure 3: Analysis of the effect of removing middle molecular toxins.

Table 2: Analysis of blood bun concentration before and after the two groups.

Group Concentration before experiment (mmol/L) Concentration after experiment (mmol/L)
Control group 26.80± 11.19 10.74± 10.88
Experience group 27.30± 10.96 9.50± 12.50
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Figure 4: Comparison of blood bun clearance and dialysis ade-
quacy between the two groups.
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and the experimental group was treated with hybrid blood
purification therapy based on camel-derived nanoantibody
immunoadsorbent. -en, the clearance effect of small
molecule toxin, middle molecular toxin, and so on was used
in the experimental group. In addition to the effect and
dialysis adequacy analysis, the treatment effect of the two
groups was compared.

In this study, we found that the hybrid blood purification
therapy based on camel nanoantibody immunoadsorbent
has better effect than the general blood purification therapy
in the clearance effect of small and medium molecular
toxins. In addition, the dialysis adequacy is also significantly
better than that of the general blood purification chemo-
therapy method. Moreover, the data between the two groups
have obvious differences. -erefore, the hybrid blood pu-
rification therapy based on camel nanoantibody immu-
noadsorbent has a good effect in the treatment of patients
with chronic renal failure in the Department of Nephrology.
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