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Abstract 
We design specific primers, according to the four kinds of important macaque cytokines, based on 
macaque β-action genes, then extract total RNA in peripheral blood mononuclear cells of maca-
ques, and trascriptase cDNA reversely after establishing real-time quantitative PCR, and test the 
relative expression amount of several kinds of important cytokines during the hypersensitive 
process. The testing method of quantitative PCR in this experiment is highly sensitive, all cyto-
kines are up to 102 copies/μL and highly reproducible, the intraassay and interassay coefficients 
of variation are less than 6%. The method applied to the sensitive reaction experiment on cyto-
kines induced by houttuynia cordata turns out that the cytokines relative expression of houttuy-
nia cordata distillate with low dose group and high dose group is significantly higher than that of 
saline group (P > 0.01). Meanwhile, significantly increased IL-4, IL-10 and IL-13 and decreased 
IFN-γ are found in both group A and group B after houttuynia injection (P > 0.05). 
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1. Introduction 
The test methods of cytokines include ELISA [1], Elispot [2] and intracellular staining, etc. at the albumen level, 
which need large amount of samples and have drawbacks such as inconsistency and less sensitivity. Quantitative 
PCR is a nucleic acid detection and quantification technique developed in recent years, and has been applied to 
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all kinds of cytokines tests. Feng et al. applied the method of quantitative PCR to test IL-8, IL-10, IFT-α, and 
TNF-α. While, Yago et al. applied the same method to determine IL-4, IL-10, TNF-β and IFN-γ which has cha-
racteristics such as strong specificity, high sensitivity, good repeatability, and accurate quantitation. It is infre-
quently reported that this method is applied to cytokines determination in body fluids of macaques, an important 
species of experimental animals, and drug evaluation. 

Houttuynia cordata is a traditional Chinese medicine preparation for detoxification and immunity enhance-
ment. In recent years, Houttuynia injection has been reported to cause many allergic reactions in clinical appli-
cation. The present study finds that the main anaphylactogen is the solubilizer, Tween-80, which is used in in-
jection. IFN-γ, IL-4, IL-10 and IL-13 have close relationship with the immune response. IL-4 and IL-13 have the 
function of promoting production of IgE [3] [4]. The anatomical structure and the physiological characteristics 
of macaques are similar to those of humans. Thus they are usually chosen as models in studying human diseases. 
In this trial, Chinese origin rhesus monkeys are selected as experimental animals. We aim to establish the testing 
method of quantitative PCR for the cytokines related to non-human primate experimental animals, and test the 
level of IL-4, IL-10, IL-13 and IFN-γ in cytokines related to the body immune of macaques after houttuynia in-
jection and distilled water injection. 

2. Material and Method 
2.1. Experimental Animals 
15 macaques, weight 4 - 6 kg, all males, were provided by the experimental animal center of Engineering Tech-
nology in Sichuan Agricultural University. 

2.2. Instruments and Reagents 
CFX96 Touch Deep Well™ Real-Time PCR Detection System(BIO-RAD company in USA), 0.2 ml eight tube 
purchased from Dien biological technology (Hongkong) Co., Ltd., Houttuynia cordata injection (containing 2.5 
per thousand Tween-80, the batch number, the country medicine accurate Z44021272), Houttuynia cordata dis-
tillate (the batch number, 130330), Egg protein (dry powder) (sigma company, the batch number: 44287), Tween-80 
(the batch number: 20111102), human lymphocyte separation medium(the batch number: 20121009-0028), 
RNA extraction kit, RNA reverse transcription kit and SYBR-Green II quantitative detection kit were purchased 
from Dalian Takara Biotechnology Co., Ltd. 

2.3. Design and Synthesis for Primers 
According to the mRNA sequence of various cytokines monkeys in GenBank login, primer design software 
Primer 5.0 and BLAST software are designed for specific reference gene amplification primers and cytokine 
PCR specific amplification primers (shown in Table 1). Primers were synthesized by Dalian Takara biotech-
nology company. 

2.4. Design for Animal Experiment 
Animal grouping: Divide macaques into 5 groups randomly (n = 3), which are Group A (with 2.5 g/L 
Tween-80), the physiological saline group and herba Houttuynia injection, Group B (with 5 g/L Tween-80), 
Houttuynia cordata injection, the low dose group (3.6 ml/kg) for Houttuynia cordata distillate and the high dose 
group (7.2 ml/kg) for Houttuynia cordata distillation liquid. 

Dosage: Macaques in each group were given the corresponding liquid on the 1st, 3nd, 5th, 7th, 9th, 20th day. 
The first 5 times are the sensitive periods. The Volume of administration: Group A and B of Houttuynia cordata 
injection, saline group, low dose group of Houttuynia cordata distillation liquid 3.6 ml/kg (The amount of group 
A and Group B of Houttuynia injection is equivalent to 2.5 times the clinical adult dosage); High dose group of 
Houttuynia distillate 7.2 ml/kg, the 6th excitation administration, the dosing volume: Group A and B of Hout-
tuynia cordata injection, saline group, low dose group of Houttuynia cordata distillation liquid 7.2 ml/kg. (The 
amount of group A and Group B of Houttuynia injection is equivalent to 5 times the clinical adult dosage). The 
high dose group of Houttuynia cordata distillate is administered with volume 14.4 ml/kg. Samples were col-
lected from the vein 30 min after the last dose. 
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Table 1. Real-time PCR primers.                                                                            

Gene Accession Primer sequences Location Length 

β-actin AY497558 F5’GGCTCTCTTCCAACCTTCCTT3’ 613 - 634 176 bp 

  F5’TAATCTCCTTCTGCATCCTGTCA3’ 765 - 788  

IL-4 NM001032904 F5’ CTGAACAGCCTCACAGAGCAGAAGA3’ 112 - 127 136 bp 

  F5’ GGTGGCTGTAGAACTGCCGGAG 3’ 225 - 247  

IL-10 
 
 

IL-13 
 
 

IFN-γ 
 

NM001044727 
 
 

NM001032929 
 
 

MACIFNG 
 

F5’ GGAGCAGGTGAAGAATGCCTTTAGT3’ 
F5’ TTGTCATGTAGGCTTCTATGTAGTTG3’ 

 
F5’ CTTTGCCTCCCCAAGCCCTGT3’ 

F5’GCCTTCTGGTTCTGGGTGATGTTG3’ 
 

F5’GGAAAGAGGAGAGTGACAGAAAAAT 3’ 
F5’ TCTTCCTTGATGGTCTCCACACTC 3’ 

424 - 449 
502 - 527 

 
48 - 70 

110 - 134 
 

176 - 201 
272 - 296 

104 bp 
 
 

87 bp 
 
 

121 bp 
 

 
Ethics statement: All procedures were reviewed and approved by the Institutional Animal Care and Use 

Committee (IACUC) of Sichuan Primed Shines Biotech Co., Ltd. 

2.5. The Establishment of Real-Time Quantitative PCR Testing Methods of Cytokines 
Lymphocyte separation: Put 0.6 ml fresh anticoagulant blood lightly into 1.2 ml lymphocyte separation medium 
(to warm up in advance, 1500 r/min, 15 min). Learn the second layers of annular milky white lymphocyte layer 
in a 1.5 ml EP tube, add appropriate amount of PBS for washing, then 5000 r/min centrifugal 5 min, discard su-
pernatant and collect precipitation, add PBS for suspension. 

Extraction of total RNA: Take out 50 μl lymphocytes, and use RNAiso Plusfrom Bao biotechnology company 
to Extract RNA according to the instruction. Analyze the integrity of RNA with 1% formaldehyde denaturing 
agarose gel electrophoresis, and store in −70˚C for standby. 

The synthesis of cDNA: Due to the high sensitivity of real-time quantitative PCR method, we need to conduct 
genome removal reaction according to the instruction. After that, the reaction mixture was prepared on ice. Se-
quentially added 4 μl 5× PrimerScript Buffer 2.1 μl PrimerScript RT Enzyme Mix 1.1 μl RT Primer Mix, 10 μl 
reaction liquid for removing genome, place the sample in 37˚C for 15mins, heat i to 85˚C, and suspend after 5 
seconds, then obtain cDNA to store for standby. 

Construction of the standard curve of macaque cytokines: Use specific primers IL-4, IL-10, IL-13, IFN-γ and 
reference gene β-actin for amplification. The recovered fragment is connected to the pMD-19T vector and 
transformed to DH5α competent cells. Recombine the plasmid to indentify by PCR and sequencing. Convert the 
corect initial concentration of a recombinant plasmid into copy data. 10-fold dilutions to get 108 copies/μl-101 
copies/μl gradient standard. 

Optimization of the reaction system: In the reaction system template of the same concentration, use orthogon-
al test primer concentrations respectively and optimize the annealing temperature. 

Specificity test: 10-fold serial dilutions of plasmid standards as a template, use the optimized reaction condi-
tions to amplify the fluorescence quantitative PCR and plot the melting curve. 

Standard curve: 10-fold serial dilutions of plasmid standards as a template, use the optimized reaction condi-
tions to amplify the fluorescence quantitative PCR, and draw a standard curve. 

Sensitivity test: Plasmid standard (β-actin: 103 copies/μl-101 copies/μl, the remaining factors are using 104 
copies/μl-101 copies/μl) as a template, use the optimized reaction conditions SYBR Green II to amplify the flu-
orescence quantitative PCR, and determine their the detection limit. 

Repeatability test: Select 106 copies/μl - 104 copies/μl recombinant plasmid as a template for intra- and inter- 
assay repeated tests, each test has three times to repeat testing of Ct values of the concentration of the standard 
statistical analysis. 

The use of quantitative PCR for IL-4, IL-10, IL-13 and IFN-γ mRNA levels were detected, the test results 
were analyzed utilizing SPSS 16.0. 
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3. Results 
3.1. Preparation of Primers and Identification of Standard Product  
PCR amplify β-actin, IL-4, IL-10, IL-13 and IFN-γ to obtain the product which have the same size as the frag-
ment and non-specific amplification product. After the producrion is recoved, and is cloned into the pMD-19T 
vector, identified by PCR and sequencing, which is proved that this experiment designed primers can be specif-
ically amplified fragment. 

3.2. Optimization of the Reaction System 
According to the results of kinetic curves and amplify efficiency determination optimization, the final reaction 
system (25 μl) is SYBR Green II Mix 12.5 μl, the downstream primer (4 pmol/μl) each 1 μl and template 2 μl, 
H2O 9.5 μl. The best response procedures are 94˚C 5 min, 94˚C 20 s, 59.8˚C 30 s, 95˚C 10 s and 72˚C 10 s. 

3.3. Specific Detection 
Quantitative PCR results showed that, β-actin, IL-4, IL-10, IL-13 and IFN-γ have a single melting peak (Figure 
1), indicating that this method has good specificity. 

3.4. Establishing the Standard Curve 
Amplify quantitative PCR to obtain the standard curve (Figure 2) of β-actin, IL-4, IL-10, IL-13 and IFN-γ, 
which shows the initial template concentration and Ct value of the standard showed good linearity relationship, 
β-actin standard curve equation is as follows: y = −3.487x + 40.118, the correlation coefficient R2 at 0.999, IL-4 
standard curve equation is as follows: y = −3.619x + 30.623, the correlation coefficient R2 at 0.993, IL-10 stan-
dard curve equation is as follows: y = −3.579x + 38.423, the correlation coefficient R2 at 0.996, IL-13 standard 
curve equation is as follows: y = −3.388x + 35.380, the correlation coefficient R2 in 0.995, IFN-γ calibration 
curve equation is as follows: y = −3.709x + 40.094, the R2 correlation coefficient 0.996. 

3.5. Sensitivity Analysis 
The detection limit of β-actin, IL-4, IL-10, IL-13 and IFN-γ is 8.76 * 102 copies/μl (Figure 3), which indicates 
that this method has good sensitivity. 

3.6. Repeatability Analysis 
Use three concentrations of plasmids to amplify the fluorescent quantitative PCR, each concentration in tripli-
cate (Figure 4). The results prove that the results of this experiment can be repeated within the β-actin Ct value  

 

 
Figure 1. The melt curve of RT-PCR.    
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Figure 2. Amplification curve and standard curves. 

 

 
Figure 3. Sensitivities of real-time PCR detection. 

 

 
Figure 4. The reproducibility of rRT-PCR.       
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of the coefficient of variation < 0.02, and inter-assay coefficients of variation between 0.018 - 0.060, within the 
IL-4 Ct value coefficient of variation < 0.04, and inter-assay coefficients of variation between between 0.032 - 
0.042, within the IL-10 Ct value coefficient of variation < 0.04, and inter-assay coefficients of variation between 
0.039 - 0.057, within the IL-13 Ct value coefficient of variation < 0.02, and inter-assay coefficients of variation 
ranged between 0.017- 0.026, IFN-γ Ct value within assay coefficient of variation < 0.02, and inter-assay coeffi-
cients of variation between 0.018-0.062. 

3.7. Sample Test Results 
Using real-time quantitative PCR method to establish four kinds of macaques in vivo cytokine mRNA expres-
sion quantitative detection, Get the copy number of each group macaques Ct values and initial template. Sam-
ples were analyzed using statistical analysis software cytokine mRNA quantitative test results. With the number 
of copies of the measured cytokines in each group (average of multiple measurements obtained) divided by the 
number of β-actin gene (the average of multiple measurements obtained) copy, as a correction value. The cor-
rection value as a negative control group “1”, the calculated IL-4, IL-10, IL-13 and IFN-γ relative expression of 
cytokines, and then comparison of the relative amounts of the groups, four kinds of cytokines differences be-
tween different groups in the analysis of results shown in Figure 5. The results showed that: Houttuynia distill- 
ate low dose group and high dose group compared to the expression of IFN-γ mRNA negative control group 
were significantly higher (P < 0.01) in, and Houttuynia injection in group A and group B is slightly lower. 
Compared with the negative control group was significantly higher distillate Houttuynia low dose group and 
high dose group expression levels of IL-13 (P < 0.01), while in group A and Houttuynia injection is not signifi-
cantly increased in group B (P > 0.05). Houttuynia distillate low dose group and high dose group relative to the 
negative control group of cytokines IL-4 mRNA expression levels were significantly increased (P < 0.01), while 
Houttuynia injection group A and group B relative to the negative control group increased slightly, but not sig-
nificantly (P > 0.05). For IL-10, Houttuynia distillate low dose group and high dose group were significantly 
higher than the negative control group (P < 0.01). Houttuynia injection in group A and group B IL-10 mRNA 
expression were higher than the negative control group, but the difference was not significant (P > 0.05). 

 

 
Figure 5. Analysis of IL-4, IL-10, IL-13 and IFN-γmRNA from rhesus monkeys among different groups. 
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4. Discussion 
In recent years, real-time PCR has become an important tool widely used in basic research and quantitatively 
analyzing the level of cells, body fluids and bioactive protein mRNA in clinical diagnosis [5]. The results 
showed that the linear method established in this test is good, with the correlation coefficient (R2) reached 0.999, 
and a detection limit of 8.76 * 102, with better sensitivity, quantitative PCR product into a single melting peak, 
with good specificity, between the experimental group and the group within the repeatability coefficient of vari-
ation were less than 2%, with good reproducibility. 

The method established in this experiment was used to test the relative expression of IFN-γ, IL-4, IL-10, and 
IL-13 mRNA in each group. The results showed that different concentrations of two macaques Houttuynia dis-
tillate vivo IFN-γ mRNA expression levels were significantly increased, which show that Houttuynia can en-
hance immunity, which is consistent with the thought of Gu Jingrong [6] [7]. Compared with Houttuynia injec-
tion group containing different concentrations of Tween-80, Houttuynia injection group A and group B in ma-
caques vivo IFN-γ did not change significantly. Houttuynia injection group A and group B, the expression level 
of IL-4, IL-13 mRNA was increased, which is associated with the research result of allergic rhinitis [8] and al-
lergic asthma [9]. The expression levelof IL-10 mRNA is also elevated, which matches the findings of Wong, et 
al. [10]. 

5. Conclusion 
In summary, the established quantitative PCR method can be used in real-time monitoring of mRNA levels of 
cytokines in injecting the rhesus monkeys. After injecting the rhesus monkeys Houttuynia to test the cell-me- 
diated immunity levels and the allergic reactions, the methods can test the expression levels of IL-4, IL-10, 
IL-13 and IFN-γ mRNA quickly and accurately. When the body’s immune is enhanced and occurs the allergic 
reaction IL-4, IL-10, IL-13 and IFN-γ were involved in it. In the research of the allergic mechanism, several cy-
tokines are used as indexes, and this experiment provides the new reference factors for allergic reactions and 
lays the foundation for future studies and allergic mechanisms. 
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