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pharmacodynamics and
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suppository following process
optimization in chinese rhesus
macaque
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Recombinant human interferon Alfa-2b vaginal suppository is a gynecological preparation mainly
made of interferon, commonly used to treat diseases related to viral infections such as cervical erosion.
As a recombinant protein drug, it is important to pay attention to the possibility of modifications that
may lower the quality of the drug during the production process. The aim of this study is to evaluate
the pharmacokinetic (PK) and pharmacodynamic (PD) characteristics of this product in Chinese rhesus
macaque after purification process changes, and to demonstrate that there is no difference in the
biological activity of recombinant human interferon Alfa-2b vaginal suppository stock solution before
and after process changes. There are 12 test animals: Chinese rhesus macaques who received a two-
group crossover design and were subcutaneously injected with the same active dose of 500,000 1U/kg
around the navel in the abdomen. According to maximum concentration (C . ) and time of maximum
concentration (T __ ) within non-parametric test (P>0.05), geometric mean ratio of PK parameter
C,..x for the drugs after purification process changes (sample S) compared to the before purification
process changes one (sample R) was 97.09%, with a 90% confidence interval (Cl) of 87.39-107.87%. The
geometric mean ratio C__ of serum Beta2-microglobulin (PD, . ) for PD index is 100.07%, with a 90%
Cl of 97.16-103.07%; Geometric mean ratio of AUEC, _, is 98.91%, with a 90% Cl of 96.53-101.34%.
The geometric mean of the PD index, neopterin PD__, is 97.75%, with a 90% Cl of 92.53-103.25%;
Geometric mean of AUEC, _, is 105.59%, with a 90% Cl ranging from 97.22 to 114.68%. The important
parameters of PK/PD meet the equivalence requirements, and biological activity of the recombinant
human interferon Alfa-2b vaginal suppository stock solution after purification process change is no
different from before the change. Under the same active dose administration conditions, the same
biological effects were produced, achieving the same effect as before the change.

Keywords Recombinant human interferon Alfa-2b vaginal suppository, PK/PD, Process change, Chinese
rhesus macaque

Interferon (IFN) is a group of cytokines with antiviral, immunomodulatory and antiproliferative activities, which
was first described by Isaacs and Lindenmann in 1957'. Interferon Alfa-2b can treat conjunctival melanoma?,
pediatric herpetic pharyngitis®, polycythemia vera (PV)%, essential thrombocytosis (ET)°, myeloproliferative
neoplasms®, chronic hepatitis B, and chronic hepatitis C8. The production of natural human interferon Alfa-2b
is rare, it is mainly produced by genetic engineering technology®. Recombinant human interferon a-2b vaginal
suppository is a kind of gynecological finished pharmaceuticals mainly made of interferon a-2b, commonly
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used to treat viral cervical erosion related to human papilloma virus (HPV), herpes simplex virus (HSV),
cytomegalovirus (CMV)!%!! etc.

During the production process gene-based recombinant human interferon Alfa-2b is prone to changes such as
oxidation'?, isomerization!?, incomplete or mismatched disulfide bond pairing'4, N-terminal acetylation'®, etc.,
which may reduce the biological activity of the drug, enhance immunogenicity, bring side effects, etc., affecting
the effectiveness and safety of the drug!®~'. Therefore, the analysis and control of product-related proteins have
gradually received attention in the quality control process of recombinant protein drug products?’-22.

We used reporter gene assay to test the activity of the samples?. We constructed the cell line HEK293puro
ISRE Luc, which was used as a biological activity assay cell. After adding cell lysate and luciferase substrate, the
luminescence intensity is measured to determine the biological activity of recombinant human interferon Alfa-
2b. The drugs have higher protein content and biological activity than before the process change.

In the present study, we administered the same active dose of human interferon Alfa-2b vaginal suppository
stock solution to Chinese rhesus macaque, evaluated and analyzed the PK and PD profiles of the drug after
purification process changes.

Purpose

Evaluate whether there is a difference in biological activity of recombinant human interferon Alfa-2b vaginal
suppository stock solution before and after purification process changes. At the same active dose, Chinese rhesus
macaques were selected for in vivo PK/PD experiments.

Table 1 shows the changes in biological activity of recombinant human interferon Alfa-2b vaginal suppository
stock solution before purification process change (sample R) and the after process change one (sample S). In
theory, when samples R and S are given the same biologically active dose to Chinese rhesus macaques, the drug
effects that the animal body should produce should be equivalent.

Methods

Compliance with ethics guidelines

All the animals were acclimated under standard laboratory conditions (ventilated room, 25+1 °C, 60+5%
humidity, 12 h light/dark cycle, single housing) and had free access to standard water and food. During the
experiment, all Chinese rhesus macaques were fixed in the Monkey Fixed Chairs and no abnormalities were
observed during blood collection (SYXK-2021-0003). All procedures were conducted in accordance with the
“Guiding Principles in the Care and Use of Animals” (China) and were approved by Institutional Animal Care
and Use Committee (IACUC) and the Laboratory Animal Ethics Committee of Drug Safety Evaluation Research
Center of Chongqing Medleader Bio-Pharm Co., Ltd (IACUC-2021-010). The study is reported in accordance
with ARRIVE guidelines.

Experimental animal

Select 12 healthy Chinese rhesus macaques from Qingwei Macaque Farm in Chengkou County, with an
equal number of males and females, weighing 3-5 kg (Production license number: SCXK (Chongqing) 2020-
0001. Experimental Animal Use License: SYXK (Chongqing) 2021-0003). According to the concentration
and biological activity of the samples before and after the purification process change (sample R: 1.94 mg/ml,
2.66e +08IU/ml; sample S: 2.20 mg/ml, 5.10e + 08IU/ml), 12 Chinese rhesus macaques were divided into two
groups A and B according to gender and weight, with 6 monkeys in each group. On the day of administration,
each animal weighed 3-5 kg, and qualified animals were included in the experiment.

Purification method

We have developed a novel purification process that can effectively remove the product-related proteins of
recombinant human interferon Alfa-2b. The existing engineering bacteria and fermentation process remain
unchanged. We increased the feeding amount of each batch of engineering bacteria, optimized the initial
extraction process, and replaced the original metal chelate chromatography, cation column chromatography
and S-100 gel column chromatography with metal chelate affinity chromatography, reverse-phase column
chromatography and ion-exchange chromatography. The quality of the product after purification process change
with the product-related proteins being less than 3% has been significantly improved compared to the before
process change one with about 40% of product-related proteins.

Administration method

The study adopted a crossover design for drug administration, with Group A (three females and three males)
receiving the test substance on an empty stomach in the first cycle and the control substance on an empty
stomach in the second cycle; Group B (three females and three males) was administered in the order of using

Sample number | Protein concentration | Biological activity
Sample R 1.94 mg/ml 2.66e +08IU/ml
Sample S 2.20 mg/ml 5.10e +08IU/ml

Table 1. Changes in biological activity of sample R and sample S before and after purification process changes.
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the control substance on an empty stomach in the first cycle and the test substance on an empty stomach in the
second cycle; The cleaning period is 12 days (Fig. 1).

After random screening of the experimental animals, they were administered at a dose of 500,000 IU/kg. The
first cycle is administered subcutaneously on the right side of the animal’s abdomen around the navel, and the
second cycle is administered subcutaneously on the left side of the animal’s abdomen around the navel.

Accurate dosing was administered in two cycles without any abnormal dosing; During the experiment, no
abnormal reactions were observed in the animals.

Blood sample collection

PK evaluation was conducted by detecting the content of human interferon Alfa-2b: blood samples were
taken within 1 h before administration and at 0.5, 1.0, 2.0, 3.0, 4.0, 6.0, 8.0, 10.0, 12.0, 16.0, 20.0, and 24 h after
administration for the detection of human interferon Alfa-2b.

PD evaluation was performed by detecting Beta2-microglobulin and neopterin: blood samples were
taken within 1 h before administration and at 2.0, 4.0, 6.0, 8.0, 10.0, 12.0, 16.0, 24.0, 36.0, 48.0, and 72 h
after administration for the detection of Beta2-microglobulin; Blood samples were taken within 1 h before
administration and at 2.0, 4.0, 6.0, 8.0, 10.0, 12.0, 16.0, 24.0, 36.0, 48.0, 72.0, 96.0, and 120 h after administration
for the detection of neopterin.

Collect whole blood from the forelimb veins of experimental animals in a blood collection tube without any
additives, let it stand at room temperature for 1 h, centrifuge at 2 ‘C~8 °C, 1,100 g for 10 min, and collect and
package serum at room temperature. These samples were stored at <-70 °C until analysis.

PK analysis

The concentration of interferon Alfa-2b was determined using enzyme-linked immunosorbent assay (ELISA)*.
The PK parameters of interferon Alfa-2b include area under the concentration versus time curve from time
0 to the last measurable concentration (AUC, ), maximum serum concentration (C__ ), area under the
concentration versus time curve from time 0 to infinity (AUC,__), the time when C___first appeared (T, ),
apparent end elimination rate constant (A ), elimination half-time (t, ,), apparent volume of distribution (Vz_F_
obs), plasma clearance (CI_F_obs), and apparent volume of distribution during the terminal phase (Vd/F).

PD analysis

Serum Beta2-microglobulin and neopterin was used as the biomarker to analyze the PD profiles of interferon
Alfa-2b?3-%8, The concentration of Beta2-microglobulin was determined using turbidimetric inhibition immuno
assay and neopterin was determined using mass spectrometry (UPLC-MS-MS)*. The PD parameters of Beta2-
microglobulin and neopterin included the area under the serum biomarker effect-time curve from time zero
to the last quantifiable time point (AUEC ), geometric mean ratio C__of serum Beta2-microglobulin and
neopterin (PD__ ), time of PD__ (T __ ), apparent end elimination rate constant (A,), elimination half-time
(t1 /2), apparent volume of distribution (Vz_F_obs), plasma clearance (CI_F_obs), and maximum tolerated
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Fig. 1. Experimental design framework diagram.

Scientific Reports|  (2025) 15:15932 | https://doi.org/10.1038/s41598-025-98813-3 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Project Standard | Coefficient of variation (CV) | Accuracy deviation
QL 0.18%~11.38% -10.50%~19.65%
Quality control samples | QM 0%~12.72% -9.08%~19.10
QH 0.31%~8.50% -10.99%~12.48%
QL 1.40%~3.89% -6.40%~-1.15%
ISR QM 0.93%~5.72% -6.47%~-2.72%
QH 0.36%~0.96% -7.31%~-4.35%

Table 2. PK detection quality control results of unknown sample of Recombinant human interferon Alfa-2b
vaginal suppository stock solution.

Project CV for quality control of each concentration | Quality control accuracy deviation | Uniform distribution situation
QL: -9.35%~4.67%

unknown sample Uniform distribution, 100% under control
QH: -3.75%~0.34%

None

QL: -7.48%~-5.61%

Sample reanalysis Uniform distribution, 100% under control
QH: -4.78%~0.00%

Table 3. Quality control results of unknown sample detection of PD index Beta2-microglobulin.

dose (MTD). Whether there is no significant difference (P>0.05) or bioequivalence is achieved as the basis for
determining whether PD is equivalent.

Statistical methods

PK/PD parameters were calculated using Phoenix WinNonlin v.8.2. SAS v.9.4 was used for other statistical
analyses. A non-compartment model based on the Kolmogorov-Smirnov test was used. The arithmetic mean,
standard deviation, median, maximum, minimum, CI, and geometric mean were assessed. T were analyzed
using a non-parametric testing method based on the Kolmogorov-Smirnov test. Based on the bioequivalence
set (BES) of C, .0 AUC)_, and AUC,__,a mixed effects model analysis was conducted with drug, period, and
sequence as fixed effects and nested subjects in the sequence as random effects. Double one-sided t-test statistics
and P-values were provided to determine whether sample S and sample R met the bioequivalence criteria.

The PD parameters PD___and AUEC,_, were analyzed using a difference test and the same evaluation
method as the PK parameters (C_ ., AUC,_,). The arithmetic mean, standard deviation, median, maximum,
minimum, CI, and geometric mean of PD parameters (PDmax, AUECO_t) of Beta2-microglobulin and neopterin
were assessed.

Results

Quality control

PK determination of recombinant human interferon Alfa-2b vaginal suppository stock solution was conducted,
with 13 blood collection points and 2 administration cycles set for each Chinese rhesus macaque per week,
totaling 312 samples. Among them, 48 samples were subjected to incurred sample reanalysis (ISR), accounting
for 15.38% of the total sample size.

The accuracy deviation of low concentration positive quality control (QL), medium concentration positive
quality control (QM), high concentration positive quality control (QH) during measurement ranges from
-10.99 to 19.65%, with 97.44% of the quality control samples under control; the accuracy deviation of the QL,
QM, and QH for sample reanalysis is between —7.31% and —1.15% (Table 2), and 100% of the quality control
samples are under control. The quality control results are acceptable.

The one of PD indices Beta2-microglobulin measured unknown samples after the validation of the biological
sample analysis method is completed. Each week, 12 blood collection points and 2 dosing cycles were set up for
each Chinese rhesus macaque, with a total of 288 samples. Among them, 48 samples were subjected to incurred
sample reanalysis (ISR), accounting for 16.67% of the total sample size. Set 2 concentration levels for quality
control samples, QL: 1.07e-03 mg/ml, QH: 2.93e-03 mg/ml. Two standard curves were established for biological
sample detection, and quality control samples with QL and QH concentrations were simultaneously measured.
The accuracy of the quality control QL and QH of the samples ranged from 90.65 to 104.67%. After reanalysis,
the accuracy of the quality control QL and QH ranged from 92.52 to 100% (Table 3). The quality control samples
were 100% under control, and the quality control results were acceptable.

After the validation of the biological sample analysis method, the determination of unknown samples begins
for the other PD indices, neopterin. Fourteen blood collection points and two dosing cycles were set up for
each rhesus monkey per week, with a total of 336 samples. Among them, 48 samples were subjected to incurred
sample reanalysis (ISR), accounting for 14.29% of the total sample size. Unknown samples will be measured
after the validation of the biological sample analysis method is completed. Measure each unknown sample once.
Four concentration levels were set for the quality control samples: QL: 4.000e-03 mg/ml, QGM: 15.000e-03 mg/
ml, QM: 50.000e-03 mg/ml, QH: 75.000e-03 mg/ml. Establish a new standard curve for each analysis batch of
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Project CV for quality control of each concentration | Accuracy deviation of each concentration | Uniform distribution situation
Unknown sample | 2.95%~18.09% 101.92%~104.08% Uniform distribution
Sample reanalysis | 0.12%~18.10% 96.13%~99.44% Uniform distribution

Table 4. Quality control results of unknown sample detection of PD index neopterin.
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Fig. 2. Concentration curve of human interferon Alfa-2b in Chinese rhesus macaque serum.

biological samples, and simultaneously measure quality control samples at four concentrations: QL, QGM, QM,
and QH. The accuracy of the quality control samples QL, QM, QGM, and QH ranges from 101.92 to 104.08%,
with 88.33% of the quality control samples under control. The accuracy of quality control QL, QM, QGM, and
QH for reanalysis ranged from 96.13 to 99.44% (Table 4). 91.67% of the reanalysis quality control samples are
under control.

Pharmacokinetics (PK)

Samples R and samples S were given the same biologically active dose to the experimental animal Chinese rhesus
macaque. Due to the higher biological activity of sample S at the same volume, the content of human interferon
Alfa-2b determined by PK was slightly lower than that of sample R. The difference in T, _may affect the half-life
of sample R and sample S, and have an impact on AUC,,_, and AUC,__.

The T of sample R is 3-8 h, and sample S is 3-6 h. From the median comparison, the T___of sample R
and sample S are both 4 h, can be considered equivalent. The Vz_{_obs of sample R is 539.00+0.281U/pg, and
the sample S is 574.88 +124.981U/pg. Compared with sample R, sample S has a larger apparent distribution
volume, indicating that the recombinant human interferon Alfa-2b vaginal suppository stock solution has better
performance after the process change. In terms of drug elimination half-life (t1 /2), )\Z, Cl_f obs, and sample
exposure (C__, AUC;_, and AUC,__), sample R was slightly higher than sample S. This may be due to the
higher biological activity of sample S than sample R, resulting in experimental concentrations lower than sample
R and affecting PK parameters (Fig. 2; Table 5).

Based on the geometric mean of C__, the PK equivalence between sample R and sample S was analyzed.
The 90% CI was 87.39%~107.87%, which meets the equivalence requirements. This proves that the biological
equivalence of the recombinant human interferon Alfa-2b vaginal suppository stock solution after the process
change is established in the main PK parameters compared to before the change (Table 6).

According to the non-parametric T test, the results showed no statistical difference (P>0.05) between
sample R and sample S, further proving the bioequivalence of the recombinant human interferon Alfa-2b vaginal
suppository stock solution after the process change compared to before the change (Table 7).

Pharmacodynamics (PD)
Evaluate serum Beta2-microglobulin and neopterin as biomarkers for PD.
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Arithmetic mean +SD(%CV)

Parameter Sample R (N=12) | Sample S (N=12)
Tm“1 (h) 4(3,8) 4(3,6)

ax (Pg/m1) 1474.09+454.03 | 1439.16+493.56
AUCU,[( g-h/ml) 12650.24 +3284.18 | 10354.89+2569.97
AUC_, (pg-h/ml) 12791.89+3283.23 | 10481.09+2574.01
)\Z (b1 0.29+0.03 0.32+0.03
t,, (h) 2.39+0.28 216+0.18
Vz_F_obs (IU/pg) 539.91+177.61 574.88+124.98
CIL_F_obs(IU/(h-pg)) | 154.54+39.54 184.9+37.32
AUC (%) 1.17+0.5 1.25+0.46

_%Extrap

Table 5. PK parameters of Recombinant human interferon Alfa-2b vaginal suppository stock solution. Notes:
1 T ., is represented by the median (minimum, maximum), and other data are presented in the form of
arithmetic mean +SD (% CV) based on statistical tables.

Geometric mean and ratio
t-value P-value (N=12) Individual
Compared | Compared Compared variability
Compared to the | to the high | to the lower to the high %CV of
Parameter lower limit t; limit t; limit P limit P, Sample R | Sample S | (S/R) % | subjects 90% CI
Cax (np/ml) 3.33 -4.35 0.0038 0.0007 1.42 1.38 97.09 14.30 87.39%~107.87%
AUC, _, (ng-h/ml) |0.72 -12.07 0.2454 0.0000 12.32 10.11 82.02 8.56 76.99%~87.38%
AUC,_, (ng-h/ml) | 0.75 -12.28 0.2340 0.0000 12.47 10.24 82.09 8.40 77.15%~87.35%
Table 6. The results of C_ ., AUC_,and AUC__ bidirectional one-sided T-test and [1-2a] CI method (BES,
N=12).
Project N | Mean SD Median Statistical value | P-value
Sample R 12 | 4.5833333 | 1.7816404 | 4.0000000 | None None
Sample S 12 | 3.7500000 | 0.8660254 | 4.0000000 | None None
Sample S - Sample R | 12 | -0.8333333 | 1.7494588 | 0 -9.00 0.1875

Table 7. TmaX non-parametric test results (BES, N=12).

For the PD parameter of serum Beta2-microglobulin, under the conditions of administering the same
biologically active dose of sample R and sample S to the experimental animal Chinese rhesus macaque, the
median T of sample R and sample S were both 16 h; The A, of sample R is the same as that of sample S;
On AUEC,_,, sample R is almost identical to sample S, indicating that the T__, A, and AUEC,_, of Beta2-
mlcroglobuhn before and after the process change can be considered equlvalent The PD_ of sample R is
1.638+0.143 mg/L, while the PD___of sample S is even higher at 1.647 +0.230 mg/L. The drug elimination half-
life (t, ,) of sample R is 78.33 £ 12 hand the t,,, of sample Sis 101.68 + 36.8 h. The half-life of the modified sample
has been extended; The Vz_F_obs of sample Ris 1058.59 + 132.771U/ng, and sample S is 1103.07 £206.201U/ng.
After the change, the apparent distribution volume of the sample is larger; Compared with sample R, sample S
has better results in Vz_F_obs (Fig. 3; Table 8).

The geometric mean of Beta2-microglobulin PD__is 100.07%, with a 90% CI of 97.16% ~103.07%. The
geometric mean of AUEC,_, is 98.91%, with a 90% CI of 96.53%~101.34%. Analyze the PD equivalence of
Beta2-microglobulin between sample R and sample S, and determine the bioequivalence based on whether the
upper and lower limits of the geometric mean ratio’s 90% CI fall between 80% and 125%. PD__and AUEC_,
meet the requirements. Prove that the bioequivalence of the main PD parameter Beta2-microglobulin in the
recombinant human interferon Alfa-2b vaginal suppository stock solution after process changes is established
compared to before the changes (Table 9).

According to the non-parametric T test of Beta2-microglobulin, the results showed that there was no
statistical difference between sample R and sample S (P>0.05), further proving that the bioequivalence of
the recombinant human interferon Alfa-2b vaginal suppository stock solution after the process change was
established on the PD index Beta2-microglobulin compared to before the change (Table 10).

For the PD parameters of neopterin, under the same biologically active dose of sample R and sample S given
to the experimental animal Chinese rhesus macaque, the median T _ of sample R and sample S were both
24 h; The )\Z, PD_.. and CL_{_obs of sample R and sample S are almost identical which indicates that these
PD parameters of neopterin can be considered equivalent before and after the process change. In addition, the
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Fig. 3. Concentration curve of Beta2-microglobulin in Chinese rhesus macaque serum.

Arithmetic mean+SD(%CV)
Parameter Sample R (N=12) | Sample S (N=12)
T, (b 16(16,36) 16(16,24)
PD, (mg/L) 1.64+0.14 1.65+0.23
AUEC, _, (mg-h/L) 91.65+11.41 90.72+12.18
)\z (h71h) 0.01+0.00 0.01+0.00
t, (h) 78.33+12.00 101.68 +£36.80
Vz_F_obs (IU/ng) 1058.59+132.77 1103.07 £206.20
CI_F_obs (IU/(h-ng)) | 9.52+1.51 8.08+2.06
AUEC 400 (%) 54.57+4.72 61.21+8.42

Table 8. PD parameters of Beta2-microglobulin. Notes: ! T __is represented by the median (minimum,
maximum), and other data are presented in the form of arithmetic mean+SD (% CV) based on statistical

tables.
Geometric mean and ratio
t-value P-value (N=12) Individual
Compared Compared variability

Compared to the | to the high | Compared to the | to the high %CV of
Parameter lower limit t; limit t,; lower limit P limit Py Sample R | Sample S | (S/R) % | subjects 90% CI
PDmax (mg/L) 13.74 -13.66 0.0000 0.0000 1.63 1.63 100.07 3.99 97.16%~103.07%
AUEC, _, (mgh/L) | 15.80 -17.43 0.0000 0.0000 91.03 90.04 98.91 3.29 96.53%~101.34%

Table 9. The results of PD .. AUEC,_, bidirectional unilateral t-test, and [1-2a] confidence interval method
for Beta2-microglobulin (BES, N=12).
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Project N | Mean SD Median | Statistical value | P-value
Sample R 12 | 17.66667 | 5.773503 | 16 None None
Sample S 12 | 16.66667 | 2.309401 | 16 None None
Sample S - Sample R | 12 | -1 6.410219 | 0 0.50 1.000

Table 10. T___non-parametric test results of Beta2-microglobulin (BES, N=12).
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1 T T T T T T T
0 20 40 60 80 100 120 140
Time (h)

Fig. 4. Concentration curve of neopterin in Chinese rhesus macaque serum.

Arithmetic mean+SD(%CV)
Parameter Sample R (N=12) | Sample S (N=12)
T, (h) 24(2,48) 24(24,36)
PD_ (ng/ml) 14.77+3.81 1451433
AUEC,_, (ng-h/ml) 966.14+319.16 1011.72 +350.04
)\Z (h~h) 0.01+0.00 0.01+0.00
t, (h) 61.28+27.95 54.93+20.90
Vz_F_obs (IU/ng) 123.71£39.02 113.33+29.44
CI_F_obs (IU/(h-ng)) | 1.56+0.75 1.60+0.70
AUEC 45 r0p (%) 28.31+13.99 23.14+10.61

Table 11. PD parameters of neopterin. Notes: ' T___is represented by the median (minimum, maximum), and
other data are presented in the form of arithmetic mean+SD (% CV) based on statistical tables.

parameters t, ,, Vz_f obs, and AUEC, _, are not significantly different, indicating that there is no significant
difference in the PD parameters of the sample neopterin before and after the change (Fig. 4; Table 11).

The geometric mean of PD___for neopterin is 97.75%, with a 90% CI from 92.53 to 103.25%. The geometric
mean of AUEC_, is 105.59%, with a 90% CI from 97.22 to 114.68%. The bioequivalence of the PD parameter
neopterin for sample R and sample S was determined based on whether the upper and lower limits of the
geometric mean ratio of 90% CI fell between 80% and 125%. PD ___and AUEC,_, meet the requirements. Prove
that the bioequivalence of important PD parameters on the PD indicator neopterin in the recombinant human

interferon Alfa-2b vaginal suppository stock solution after process changes is established compared to before the
changes (Table 12).
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Geometric mean and ratio
t-value P-value (N=12) Individual
Compared Compared variability
Compared to the | to the high | Compared to the | to the high %CV of
Parameter lower limit t; limit t,; lower limit P limit P, Sample R | Sample S | (S/R) % | subjects 90% CI
D, .. (ng/ml) 6.63 -8.14 0.0000 0.0000 14.27 13.95 97.75 7.41 92.53%~103.25%
AUEC(Ft (ng-h/ml) | 6.09 -3.70 0.0001 0.0020 909.72 960.56 105.59 | 11.20 97.22%~114.68%

Table 12. The results of PD .., AUEC,_, bidirectional unilateral t-test, and [1-2a] confidence interval method
for neopterin (BES, N=12).

Project N | Mean SD Median | Statistical value | P-value
Sample R 12 | 25.50000 | 11.22092 | 24 None None
Sample S 12 | 26.00000 | 4.67099 | 24 None None
Sample S - Sample R | 12 | 0.50000 | 13.10448 | 0 0.50 1.0000

Table 13. T___non-parametric test results of neopterin (BES, N=12).

According to the non-parametric T, test of neopterin, the results showed that there was no statistical
difference (P>0.05) between sample R and sample S. This further proves that the biological equivalence of the
recombinant human interferon Alfa-2b vaginal suppository stock solution after the process change is established
on the PD index neopterin compared to before the change (Table 13).

Discussion

With the increasing awareness of the harm of Human Papilloma Virus (HPV), the use of the recombinant
human interferon Alfa-2b vaginal suppository is also becoming commonplace. As an immunomodulatory
agent, recombinant human interferon Alfa-2b vaginal suppository has multiple medical indications, including
the treatment of HPV clearance, chronic hepatitis B/C, and multiple sclerosis. It is one of the first-line treatment
drugs for cervical intraepithelial neoplasia (CIN)?. The wide clinical application and high demand are the
characteristics of the recombinant human interferon Alfa-2b vaginal suppository, which are also the difficulties
that major manufacturers need to overcome. It is reliable to obtain high-purity and highly active human
interferon Alfa-2b by optimizing the purification process. However, changing the process may have an impact
on the product, such as changes in its structure and biological activity. Therefore, it is necessary to conduct
comparative studies on animal PK/PD to demonstrate the bioequivalence of the recombinant human interferon
Alfa-2b vaginal suppository stock solution before and after the process changes.

The study selected Chinese rhesus macaques as experimental animals and used serum human interferon
Alfa-2b as the PK detection index, Beta2-microglobulin and neopterin as biomarkers to analyze the PK/
PD characteristics of interferon Alfa-2b'8-2°. Measure the concentration of Beta2-microglobulin using
immunoturbidimetry; Mass spectrometry (UPLC-MS-MS) was used to determine the concentration of
neopterin and evaluate the differences in biological effects of the recombinant human interferon Alfa-2b vaginal
suppository stock solution in Chinese rhesus macaques before and after process changes. Before sample analysis,
unknown samples were detected using random methods. During PK serum sample determination, the accuracy
deviation of accompanying quality control QL/QM/QH ranged from —10.99 to 19.65%, with 97.44% of the
quality control samples under control; The accuracy of the accompanying quality control QL, QM, QGM, and
QH for reanalysis ranged from 96.13 to 99.44%, with 91.67% of the samples under control, meeting the PK quality
control requirements. The serum sample determination of PD index Beta2-microglobulin was accompanied by
quality control QL, and the accuracy of QH ranged from 90.65 to 104.67%. After reanalysis of accompanying
quality control QL, the accuracy of QH ranged from 92.52 to 100%, and the quality control sample was 100%
under control; The accuracy of the accompanying quality control QL, QM, QGM, and QH for serum samples
of the indicator neopterin ranged from 101.92 to 104.08%, with 88.33% under control. The accuracy of the
accompanying quality control QL, QM, QGM, and QH for reanalysis ranges from 96.13 to 99.44%, with 91.67%
of the samples under control, meeting the PD quality control requirements.

Under the same active dosage administration conditions, the sample R has a slightly larger apparent
distribution volume compared to the sample S. The geometric mean ratio of PK parameter C ___is 97.09%, and
the 90% CI is 87.39%~107.87%, which meets the equivalence requirements. The geometric mean ratio of serum
Beta2-microglobulin PD__for PD index is 100.07%, with a 90% CI of 97.16-103.07%. The geometric mean ratio
of AUEC07t is 98.91%, with a 90% CI of 96.53-101.34%, indicating that the bioequivalence of the recombinant
human interferon Alfa-2b vaginal suppository stock solution after process modification is established in terms
of PD index Beta2-microglobulin compared to before the modification. The geometric mean of the PD index,
neopterin PD_, is 97.75%, with a 90% CI of 92.53-103.25%. The geometric mean of AUEC,_, is 105.59%,
with a 90% CI of 97.22-114.68%. The bioequivalence of the PD indicator neopterin before and after the process
change is established.
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Conclusion
The PK/PD data were subjected to T _ non-parametric testing, and there was no significant difference (P> 0.05)

max

between sample S after the process change and sample R before the change. Therefore, it is believed that when
the process of the recombinant human interferon Alfa-2b vaginal suppository stock solution was changed, the
same biological effects were produced at the same active dose, achieving the same effect as before the change.

Data availability

The data utilized in this study are available from the corresponding author upon reasonable request.
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