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Abstract
The main objective of this study was the preparation and evaluation of the primary reagents for the liquid phase human 
chorionic gonadotropin-radioimmunoassay (HCG-RIA) kit. Polyclonal antibody is specific and valid; monoclonal antibodies 
are more specific. In HCG-RIA technique, polyclonal antibodies for βHCG subunits with high binding and displacement % 
were used. 125I-HCG radioactive tracer was prepared with high yield 71.58 ± 0.92%, purity 99.2 ± 0.05%, and specific activ-
ity 170.42 ± 1.65 µCi/µg using chloramine T method, βHCG polyclonal antisera and HCG standards in assay buffer matrix 
were locally prepared. In-house HCG-RIA was developed with high sensitivity 0.5 mIU/ml, specificity (99%), precision 
(CV% < 6.4 and < 8.3 for intra-and inter-assay, respectively), and accuracy (recovery range 96.4–104.3%) could be used for 
quantitative estimation of HCG in human sera for monitoring pregnancy and diagnosis of gestational trophoblastic diseases.
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Introduction

The earliest documented pregnancy hormonal signal is 
human chorionic gonadotropin (HCG). The blastocyst (fer-
tilized egg) start to produce HCG before implantation, then 
the syncytiotrophoblast generate HCG exponentially after 
blastocyst implantation [1]. Blood HCG levels are detectable 
at considerable levels ten days after conception. Between 
weeks 10 and 11, the placenta generates the most HCG, 
and then the rate of production drops until week 12 when it 
stabilizes. HCG facilitates the corpus luteum's rescue and 
maintains progesterone production [2, 3].

HCG levels are elevated in all cases of gestational tropho-
blastic diseases (GTDs), making it an ideal tumor marker. 
GTDs are pregnancy disorders including a spectrum of dis-
eases, ranging from the potentially premalignant hydatidi-
form mole to the highly aggressive choriocarcinoma. HCG 
is produced by all trophoblastic tumors, and monitoring of 

therapy is largely based on the determination of HCG in 
serum [4].

Total HCG in GTDs is the best example of a tumor 
marker because it has about 100% sensitivity and specific-
ity for trophoblast malignant tissues. The amount of hyda-
tidiform mole or tumor tissue is directly proportional to the 
blood level of total HCG. Hyperglycosylated HCG is a defin-
itive tumor marker of invasion and malignancy in invasive 
moles and choriocarcinomas [4, 5]. High concentrations of 
HCG variants have been detected in human tumors that do 
not develop from trophoblastic tissue, including testicular, 
ovarian, bladder, kidney, lung, breast, and gynecological 
cancers [6]. These findings imply that HCG variants play 
a significant role in almost all human malignancies, and 
the production of specific antibodies against them can be 
exploited in cancer therapy [7].

The problem with automated laboratory HCG tests using 
an antibody to βHCG C-terminal peptide as the capture or 
tracer antibodies is that, it prevents detection of circulat-
ing HCG variants lack C-terminal peptide epitope. Using 
these antibodies severely restrict the specificity of the HCG 
assays [8]. To measure all HCG variants, the HCG-RIA 
only requires one polyclonal antibody to core β-subunit-1 
or β-subunit-2. The GTDs Centre in the UK continues to 
monitor patients receiving treatment for GTDs using an 
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in-house radioimmunoassay of this kind [9]. HCG-RIA has 
the advantage of detecting the major forms of HCG both in 
serum (i.e., HCG and βHCG) and in urine (HCG, HCGβ, 
and HCGβcf) in a fairly equimolar fashion [10].

In this study, purified HCG was optimized for labeling 
with radioactive iodine-125 to produce 125I-HCG tracer 
with high purity and specific activity, then used to prepare 
HCG standard solutions. All these reagents along with poly-
clonal β HCG antibodies can be used to develop a sensitive, 
precise, and accurate method for HCG estimation as a useful 
tool for pregnancy monitoring and diagnosis of GTDs.

Experimental

All the chemical reagents are of analytical grade. Chori-
onic gonadotropin human: C1063; Chorionic Gonadotro-
pin, Human Urine, Standard Grade: 230734; Bovine serum, 
adult: B9433; Bovine Serum Albumin (BSA): A7888; Fre-
und’s adjuvant complete (FAC): F-5881; Freund’s adju-
vant incomplete (FAI): F-5506; polyethylene glycol 8000 
(PEG): P4463; chloramine-T: C9887; sodium metabisul-
phite: S1516; potassium iodide: P2963; Sephadex G-25: 
G2580; sodium azide: S2002, were purchased from Sigma 
Chemical Co. USA of high quality and purity; sodium iodide 
–125 (125I Na) radioactive concentration 3700 MBq/ml was 
purchased from Izotop, Hungary. Microprotein determina-
tion kit: AGAPPE diagnostic, Switzerland GmbH. HCG Kit: 
AIA-PACK kit, TOSOH, Japan.

Preparation of HCG

HCG; was purified in our labs from pooled urine of pregnant 
women at the 10th week of gestation with high purity of 
98.2% and biological activity (10,811 IU/mg) using alco-
hol precipitation, anion exchange, and gel chromatography 
according to our recently published method [11]. Polyclonal 
βHCG antisera; were produced from rabbits with high titer 
(1/104) and displacement (84.8%) using purified βHCG 
subunits according to our recently published method [11].

Preparation of 125I‑ HCG tracer

The immunologically active HCG molecule is composed of 
237 amino acids containing seven tyrosine residues that can 
be radiolabeled using the optimized chloramine-T technique 
[12]. The labeling reaction was optimized by investigating 
some effects such as pH, Chloramine-T content, substrate 
(HCG) content, and the reaction time. The iodination reac-
tions were carried out in the following sequence (in polysty-
rene eppendorf tube, 10 µl 0.25 M phosphate buffer pH 7.4, 
10 µl HCG containing 2.0 µg (w/v), 10 µl Na125I (500 µCi), 
the reaction started by adding 5 µl chloramine- T solution 

containing 25 µg (w/v), then mixed by gentle vortexing for 
one minute, and the reaction was quenched by adding 6 µl 
sodium metabisulfite containing 30 µg (w/v), and 10 µl 
potassium iodide was added as a carrier) [13], then 3 µl was 
taken from the reaction mixture, and then applied on paper 
chromatography[14], and placed vertically in saturated jar 
contain 1 ml 70% methanol as a mobile phase. After approx-
imately one hour, the mobile phase had reached the end line, 
the paper was allowed to air dry and spliced into 1 cm frac-
tions, which were counted as (CPM) using a gamma coun-
ter. The iodination yield was calculated by measuring the 
radioactivity of all the fragments, dividing the radioactivity 
(CPM) at the spotting site (radiolabelled protein peak) by the 
total radioactivity (CPM) on the whole paper (the first peak 
and the second free iodide peak), and multiplying by 100.

Factors affecting the iodination of HCG

a. Effect of pH The pH value of the labeling reaction was 
optimized by studying the effect of different pH values 
(5.5, 6.5, 7.5, 8.5, and 9.5) of 0.25 M phosphate buffer, 
while all other parameters remained constant. After that, 
the iodination yield was calculated for each pH value.

b. Effect of Chloramine T content The chloramine-T con-
tent and molar ratio of Chloramine-T to HCG content 
was optimized by studying the effect of different chlo-
ramine-T concentrations (10, 25, 50, 75, and 100 µg), 
while all other parameters remained constant. Then, the 
iodination yield was calculated for each oxidizing agent 
concentration.

c. Effect of Substrate (HCG) content The optimum sub-
strate (HCG) concentration was determined by studying 
the effect of different HCG concentrations (0.5, 1.0, 2.0, 
4.0, and 8.0 µg), all other parameters were held constant. 
Then the iodination yield was calculated for each sub-
strate concentration.

d. Effect of Reaction Time The reaction time of labeling 
was optimized by repeating the labeling reaction at dif-
ferent times (15, 30, 60, 120, and 300 s), while all other 
reaction parameters remained fixed, and the iodination 
yield was calculated for each reaction time.

Purification of the radio‑iodinated 125I‑HCG tracer

Following labeling reaction optimization, the reaction was 
carried out at these optimum conditions, and the reaction 
mixture was immediately applied to a Sephadex-G25 col-
umn pre-equilibrated with assay buffer (0.05 M phosphate 
buffer pH 7.4 containing 0.4% BSA, 0.9% sodium chloride 

(1)Iodination yield% =
Sum of counts of radiolabelled protein peak

Sumof total counts
× 100
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and 0.1% sodium azide) [15]. 0.5 ml fractions were collected 
at a flow rate of 0.5 ml/min and counted in units of a micro 
curie (μCi) by using a dose calibrator. In general protein 
peak is used for the specific activity check, relevance of sec-
ond peak analysis.

Characterization of the tracer

The prepared 125I-HCG tracer was characterized in terms of 
radioiodination yield, radiochemical purity, specific activity 
(µCi/µg), immunoreactivity, and stability.

(a) Radioiodination yield (%)
  Following purification of 125I-HCG tracer on a 

Sephadex-G25 column, radioiodination yield was cal-
culated as a percent of activity (µCi) of labeled HCG 
(125I-HCG) fractions to the total radioactivity (µCi) of 
all fractions (125I-HCG + free iodide), multiplied by 
100.

(b) Radiochemical purity (%)
  The radiochemical purity of the purified 125I-HCG 

tracer was tested by the paper chromatography method 
using 70% methanol as a mobile phase. Then, the 1 cm 
fragments were counted using a gamma counter in units 
of (CPM). Radiochemical purity was measured as a 
percent of radioactivity (CPM) of labeled HCG (125I-
HCG) to the total radioactivity counted.

(c) Immunoreactivity
  Immunoreactivity of the prepared 125I-HCG tracer 

was tested in terms of maximum binding (B0%) and 
nonspecific binding (NSB %) at different dilutions of 
anti βHCG antisera.

(d) Specific activity
  The specific activity of the 125I-HCG tracer, the 

radioactive iodine content per unit mass of substrate 
(HCG) was measured by multiplying the radioiodi-
nation yield (%) by the total activity(µCi) added in 
the labeling reaction, and dividing the result by the 
concentration(µg) of the substrate (HCG) added in the 
reaction mixture [16]. The specific activity of the pre-
pared 125I-HCG tracer was expressed in units of (µCi 
/µg).

(e) Tracer stability
  The stability of the prepared 125I-HCG tracer was 

studied under different conditions (diluted and undi-
luted), both at different temperatures (− 20 °C, 4 °C and 

(2)
Specificactivity =

(

Radioiodinationyield(%)

×TotalActivityadded(�Ci)

)

1

ConcentrationofHCG(�g)

25 °C). Stability was estimated by measuring the maxi-
mum binding (%B0) and non-specific binding (%NSB) 
through three months of storage period [17].

Preparation of HCG standard solutions

HCG standard grade  (3rd IS 75/537) as a lyophilized powder 
from sigma Aldrich company (2500 IU/vial) was dissolved 
in 1250 μl of double distilled water containing 0.1% sodium 
azide and divided into aliquots stored at–20 ºC. The stock 
HCG solution was estimated in duplicate by commercial 
EIA (AIA360 automated enzyme immunoassay TOSOH), 
and the net concentration of stock HCG solution was meas-
ured to be 2000 IU/ml. Two sets of standard solutions of 
HCG were prepared, the first set of standard HCG was pre-
pared in HCG-free bovine serum matrix and the second one 
was prepared in assay buffer matrix. HCG solution with 
concentration 4000 mIU/ml was prepared by diluting 2 μl 
of stock solution with 998 μl of diluting matrix [18]. Fur-
thermore, concentrations (1, 5, 25, 50, 100, 250, 500, 1000, 
and 2000 mIU/ml) were prepared [19], HCG standards that 
prepared in both HCG free bovine serum matrix and assay 
buffer matrix were tested for binding with βHCG specific 
antisera, then stored refrigerated at 4 ºC or frozen for long 
time storage at -20 till use.

HCG‑RIA optimization

The parameters of the radioimmunoassay system such as 
incubation time, temperature, sample volume, dilution of 
βHCG antisera, reaction volume, and separating agents 
(secondary antibody, non-immunized rabbit serum and 
PEG 8000), have been optimized by keeping all the param-
eters constant and focusing the study on each one of them, 
temperature (4, 25, and 37 °C), incubation time (1, 2, 3, 6, 
12 h), sample volume (50,100,200, and 300 µl), reaction 
volume (300,500 and 1000 µl), secondary antibody (from 
1:10 to 1:100), normal rabbit serum (1:100,1:200, 1:300, and 
1:400), and PEG 8000 (4, 8, 12%). The optimum parameter 
is that with the highest binding and displacement percent-
ages were measured.

Assay design

Following optimization, the HCG-RIA was formulated as 
follows: in a polystyrene test tube, add 100 µl sample or 
standard, 100 µl βHCG polyclonal antibodies at a dilution 
of 1:10,000, and 100 µl radiolabeled 125IHCG tracer at a 
radioactivity count of approximately 20,000 CPM/100 µl. 
After gentle vortexing and incubation for three hours at room 
temperature (25 °C), the following separating agents were 
added: 100 µl secondary antibody at dilution 1:50, 100 µl 
NRS (non-immunized rabbit serum) at dilution 1:100, and 



584 Journal of Radioanalytical and Nuclear Chemistry (2023) 332:581–590

1 3

500 µl PEG 8000 at concentration 6%. Again, gently vortex 
the tubes, incubate at RT (25 °C) for 30 min, and centrifuged 
at 4 °C, 5000 rpm for 15 min, the supernatant was discarded 
by decantation, the tubes were kept in the inverted position 
on a blotting paper/ tissue, and the tubes were counted for 
radioactivity as CPM using a gamma counter.

Calculation of the assay output results

After measuring, the total activity that was added to each 
tube and the bounded activity that counted after decanta-
tion. The data of the radioimmunoassay were represented as 
maximum binding (B0) for zero standard tubes, and known 
standard binding (Bs).

Standard curve representation

The standard curve for HCG-RIA was represented by plot-
ting the %B/B0 for each HCG standard value (1, 5, 25, 50, 
100, 250, 500, 1000, and 2000 mIU/ml) versus the concen-
tration of individual HCG standards [20].

Validation study of HCG–RIA

Radioimmunoassay validation was achieved by measuring 
some quality control parameters, such as assay sensitivity, 
cross-reactivity with related glycoproteins FSH, LH, and 
TSH, intra-assay and inter-assay precision, and accuracy 
(recovery and dilution), and finally method comparison with 
a commercial kit.

Statistical methods

CVs and SD were calculated within and between runs as 
described by Krouwer and Rabinowitz 1984 [21]. The slope 
of the calibration curve was calculated after the logit-log 
transformation of % B/B0 as described by Rodbard 1974 
[20].

Results and discussion

Optimization of the iodination reaction

HCG was labeled with iodine-125 using the optimized Chlo-
ramine T-method, at chloramine T concentration (25 μg), 
pH (7.5) of 0.25 M phosphate buffer, HCG content (2.0 μg), 
and reaction time (60 Sec.) the iodination yield obtained 
was 71.58 ± 0.92% as shown in Fig. 1 and the specific activ-
ity was 170.42 ± 1.65 µCi/µg. The purity of the prepared 
tracer was measured by paper chromatography method, 
and the radiochemical purity of the tracer calculated to be 
99.2 ± 0.05% as shown in Fig. 2.

Characterization of the prepared 125I‑ HCG tracer

- Radiochemical yield When the tracer was purified by 
gel filtration technique using a Sephadex-G25 column 
(PD-10), the radioactivity of the first peak represented 
71.6% of the iodination process, as shown in Fig. 1.

- Radiochemical purity When the tracer was analyzed by 
paper chromatography technique, the results represented 
in Fig. 2 showed that the purity of the prepared radio-
iodinated HCG tracer is 99.2 ± 0.05%.

- Specific activity The radioactivity content per mass 
unit of labeled HCG tracer was measured to be 
(170.42 ± 1.65 µCi/µg), indicating that; the prepared 
tracer with high specific activity can be used in RIA 
with a sharp radioactive signal that enhances assay sen-
sitivity.

- Immunoreactivity The immunoreactivity of the pre-
pared HCG tracer was estimated by examining its 
binding with the specific anti βHCG polyclonal anti-
sera. Figure 3 shows that the tracer prepared using the 
chloramine-T method had a high maximum binding 
percent (%B0 = 84.7%), a high displacement percent 
(D% = 84.8%), and a very low nonspecific binding per-
cent (%NSB = 2.1%). These results indicate that the 
prepared tracer is immunologically active and had very 
specific antibody binding.

- Tracer stability The results of tracer stability studies 
conducted over two months storage period at different 
temperatures under diluting and undiluted conditions 

Fig. 1  Radiochemical yield of 125I-HCG. The mixture of the HCG 
iodination reaction was applied on sephadex G-25 column, eluted 
with 0.25 M phosphate buffer pH 7.4 and 0.5 ml fractions were col-
lected at flow rate 0.5 ml/min. The radioactivity in the fractions were 
counted as (µCi) by dose calibrator instrument



585Journal of Radioanalytical and Nuclear Chemistry (2023) 332:581–590 

1 3

showed that, the tracer is more stable when stored as a 
diluted solution in assay buffer matrix at − 20 °C over 
two months.

As shown in Table 1; the HCG tracer was partially dete-
riorated when stored undiluted at 4 °C and completely dete-
riorated when stored for two months at 25°C. On the other 
hand, when the tracer was preserved at − 20 °C, the binding 
of the tracer with antibody kept high while the nonspecific 
binding remained low through the storage period.

Preparation of HCG standards

Two types of standards were prepared: The first in an assay 
buffer matrix, and the second in a bovine serum matrix.

Both standard sets were used in constructing standard 
curves for HCG-RIA, and the results shown in Fig. 4 demon-
strated that the binding of antigen and antibody was greater 
when assay buffer was used as a matrix than bovine serum 
matrix.

From the obtained results in Fig. 4, high binding was 
observed when assay buffer was used as a matrix for standard 
HCG preparation. The prepared HCG standard solutions in 
assay buffer matrix were selected and characterized by meas-
uring each individual standard with commercial (HCG kit, 
TOSOH). The results of indigenous and commercial HCG 
standards were statistically analyzed for linear fit as shown 
in Fig. 5, the result of the correlation coefficient’r’ = 0.999 
revealed a strong positive correlation between them.

HCG‑RIA optimization

The optimization results per each HCG-RIA parameter 
are listed below: The optimal reaction time was 3 h, and 
the binding and displacement percentages were 44.9 and 
81.5%, respectively. The optimum temperature for HCG-
RIA was 25 °C, with binding and displacement percent-
ages of 44.2 and 80.1%, respectively. The optimal sample 
volume for HCG-RIA was 100 µl, with binding and dis-
placement percentages of 45.0 and 82.4%, respectively. 

Fig. 2  Radiochemical purity of 
125I-HCG. 3 µl from the fraction 
no. 7 containing the radiola-
belled HCG tracer was applied 
on paper chromatography, 
eluted with 70% methanol and 
the the 1 cm paper fragments 
were counted as (CPM) using 
the gamma counter
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The optimal tracer radioactivity concentration for HCG-
RIA was 20 ×  103 CPM, with binding and displacement 
percentages of 41.3 and 79.6%, respectively. The optimal 
dilution for the goat anti rabbit secondary antibody in the 
HCG-RIA separation technique was 1:50, with binding 
and displacement of 50.6% and 84.2%, respectively. In 
non-immunized rabbit serum, a dilution of 1:100 produced 
the best results for HCG-RIA. The recommended PEG-
8000 content for HCG-RIA was 6%, with binding and dis-
placement percentages of 58.7% and 78.6%, respectively. 
Additionally, 300 µl of the HCG-RIA reaction volume 
yielded the greatest outcomes, with binding and displace-
ment percentages of 43.0 and 79.6%, respectively.

Standard curve for HCG‑RIA

The values of % B/B0 for each HCG standard were plotted 
against the concentration of HCG standards on a logit-log 

Table 1  Effect of storage 
temperature and dilution on the 
stability of 125I-HCG Tracer

Stor-
age time 
(weeks)

Storage temperature

− 20 °C 4 °C 25 °C

Diluted Undiluted Diluted Undiluted Diluted Undiluted

Bo% NSB% Bo% NSB% Bo% NSB% Bo% NSB% Bo% NSB% Bo% NSB%

0 49.4 1.8 49.4 1.8 49.4 1.8 49.4 1.8 49.4 1.8 49.4 1.8
2 48.2 1.8 45.5 2.1 41.4 2.6 39.3 2.9 29.5 3.9 20.6 4.7
4 46.5 1.9 40.2 2.3 39.2 2.8 35.8 3.3 19.4 4.5 12.9 5.2
6 45.7 2.0 38.2 2.7 37.6 3.0 30.5 3.9 10.6 5.3 8.2 5.6
8 44.3 2.2 36.1 2.9 34.1 3.4 27.1 4.3 7.6 6.9 6.1 7.7
10 42.1 2.2 31.7 3.2 30.6 4.3 25.9 4.9 5.2 8.1 5.2 9.8
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sheet. Figure 6 shows a linear inversed line, implying that 
as the concentration of HCG increases, the binding of radi-
oactive HCG-tracer with the βHCG antibody decreases, 
and consequently the radioactive count decrease; from this 
curve, any unknown sample can be measured. The HCG-
RIA range of measures (1, 5, 25, 50, 100, 250, 500, 1000, 
and 2000 mIU/ml) developed in-house was broad and can 
detect native HCG in samples up to 2000 mIU/ml.

HCG‑RIA validation

According to Andreasson et  al. 2015 [22], the results 
obtained from locally prepared HCG-RIA were validated 
by measuring the following statistical parameters:

Sensitivity, the lowest concentration of analyte (HCG) 
that has been demonstrated to be measurable with acceptable 
levels of precision and accuracy and can be distinguished 
statistically from zero standards [23], a detection limit of 
0.5 mIU/ml was obtained by assaying 20 replicates of zero 
standards (Table 2) and the binding % B/B0 at 95% prob-
ability of true results by the assembly on HCG-RIA standard 

curve [24], the sensitivity obtained was excellent when com-
pared with the commercial ELISA and EIA kits.

Specificity, the ability of the antibody to recognize an 
antigen even when the antigen is measured in a medium 
of similar substances that may be expected to be present 
[22]. The specificity was tested according to the method of 
Abraham [25], also called the 50% inhibition method, where 
specificity was calculated by dividing the concentration of 
HCG by the concentration of cross-reactant at % B/B0 equal 
to 50% to HCG standards, and the obtained specificity was 
98.8% [11], indicating that the locally prepared polyclonal 
anti-βHCG specifically binds to HCG and has no cross-reac-
tivity with related glycoproteins.

Precision is the degree to which separate test findings 
acquired under predetermined conditions accord closely 
[22]. Three pooled samples of human serum were used to 
calculate the mean of 10 duplicates in order to estimate 
the intra-assay (Within-Run) precision for HCG. The three 
levels of pooled human serum samples had coefficients of 
variation (% CVs) of 6.3, 6.4, and 5.7%. The statistical 
analyses were calculated for each sample and the % CVs 
were 8.3, 7.1, and 7.4% as shown in Table 3. The inter-
assay (Run to Run) precision for HCG was derived from 
the mean of the average of duplicates from 10 independ-
ent runs with the same three pooled human sera. The % 
CV of the intra-assay (within assay variation) should be 
less than 10%, according to Pillai and Bhandarkar 1998 
[26] and El-Kolaly et al. 2001[27], and the % CV of the 
measured ligand concentration in the case of the inter-assay 
(between assay variations) should be less than 15% [28]. 

Table 2  The sensitivity of HCG-RIA

CPM B0 
(n = 20) 
(mean -SD)

CPM B0 
(n = 20) 
(mean-2SD)

B/Bo % Apparent 
concentra-
tion (mIU/
ml)

Approximate 
sensitivity 
(mIU/ml)

10,545–259 10,027 95.08 0.5 0.5

Table 3  Precision profile for 
HCG-RIA

Samples Intra-assay Inter-assay

Mean (mIU/ml) SD (mIU/ml) CV % Mean (mIU/ml) SD (mIU/ml) CV %

1 25.3 1.6 6.3 25.2 2.1 8.3
2 75.5 4.9 6.4 75.4 5.4 7.1
3 214.0 12.3 5.7 213.1 15.7 7.3

Table 4  Recovery test for 
HCG-RIA

Sample HCG (mIU/ml) Added HCG 
(mIUml)

Expected (E) Observed (O) Recovery 
% (O/E)

1 25.5 25.5 25.5 26.3 103.4
124.7 75.1 73.8 98.2
464.4 244.9 243.0 99.2

2 75.5 25.5 50.5 48.7 96.4
124.7 100.1 98.4 98.3
464.4 270.0 275.5 101.8

3 214.0 25.5 119.7 118.7 99.1
124.7 169.3 176.6 104.3
464.4 339.2 347.3 102.3
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Collectively the results show that the developed HCG RIA 
is with acceptable precision.

Accuracy, the degree of agreement between the measured 
and true values; in this study, the assay accuracy was evalu-
ated using recovery and dilution tests (parallelism).

Recovery test This test compares the concentrations of 
three samples of human serum from various diagnostic 
states before and after the addition of a known quantity of 
HCG. The current study's HCG-RIA recovery test results 
varied from 96.4 to 104.3%, as reported in Table 4.

Dilution test The linearity of the assay was evaluated 
using the HCG content in three pooled human serum sam-
ples at varying dilutions. The outcomes demonstrated that 
the current study's method for HCG retained good linear-
ity under dilution. The findings of the dilution test, which 
are displayed in Table 5, ranged from 91.1 to 107.6%. The 
recovery statistics from the current investigation for HCG 

are well-concordant with those reported by Pillai and 
Bhandarkar in 1998 [26] and Mehany et al. in 2007[29], 
who stated that the recovery in the RIA method should be 
100 ± 15%.

Comparison with reference method

The results of the statistical analysis of the linear correla-
tion between the HCG levels of 50 serum samples measured 
commercially using the TOSOH immunoassay analyzer and 
the developed RIA system show that there is a strong linear 
positive correlation (r = 0.998) between the locally devel-
oped HCG-RIA technique and the commercial EIA tech-
nique, as shown in Fig. 7.

Conclusions

In this research article, purified HCG was radiolabelled 
with iodine-125 under optimal conditions; 125I-HCG tracer 
with high yield (71.58 ± 0.92%), high purity (99.2 ± 0.05%), 
and high specific activity (170.42 ± 1.65  µCi/µg) was 
obtained. Standard solutions for HCG were prepared and 
characterized. All HCG-RIA parameters were optimized, 
formulated, and then characterized by validity testing. The 
high sensitivity 0.5 mIU/ml of the developed HCG-RIA 
enables the detection of very low concentrations of HCG 
in human serum, and the obtained standard curve covers 
a wide range of detection up to 2000 mIU/ml, the preci-
sion and accuracy study revealed a low % CV. The prob-
lem of underestimation of HCG measured by automated 
HCG assays that use monoclonal antibodies for βHCG-
CTP could be solved by using polyclonal βHCG antisera 
along with prepared 125I-HCG tracer and HCG standard 
solutions in the developed HCG-RIA system. Based on 
the above study a system can be developed for the esti-
mation of the recently discovered hyperglycosylated-HCG 

Table 5  Dilution test for HCG-
RIA

Sample HCG (mIU/ml) Dil Expected (E) Observed (O) Recovery% (O/E)

1 25.5 1/2 12.75 13.4 105.0
1/4 6.37 6.2 97.3
1/8 3.18 2.9 91.1
1/16 1.59 1.7 106.9

2 75.5 1/2 37.75 38.5 101.9
1/4 18.87 20.0 105.9
1/8 9.43 8.8 93.3
1/16 4.71 4.3 91.2

3 214.0 1/2 107.0 112.8 105.4
1/4 53.50 52.8 98.7
1/8 26.75 28.8 107.6
1/16 13.37 13.7 102.4
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Equation y = a + b*x

Weight No Weighting

Residual Sum of 
Squares

40975.63616

Pearson's r 0.99892
Adj. R-Square 0.9978

Value Standard Error
B Intercept 7.33847 7.92257
B Slope 0.99732 0.0067

Fig. 7  Linear correlation between results obtained by HCG-RIA 
method and EIA method
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isoform, an invasive molecule which may have a role in 
spontaneous abortion of pregnancy and the development 
of several types of human cancers.
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