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SUMMARY

Minimum cytocidal effect of different minocycline and doxycycline
concentrations to human periodontal ligament fibroblasts in vitro

by

Tanya de Wet
Department of Periodontics and Oral Medicine
School of Dentistry
Faculty Health Sciences

University of Pretoria

Minocycline (MC) and Doxycycline (DC) are used worldwide as locally applied
adjuncts in the treatment of periodontal diseases. As a group the tetracyclines are
well known for their advantageous properties. There is however possible cytotoxicity

towards cells in the area of application.

This study determined the minimum cytocidal concentration of MC and DC on the
growth and proliferation of Human Periodontal Ligament Fibroblasts (HPLF) in vitro.
This was facilitated by growing cells (PDL1 and PDL2) in the presence of MC and DC
in media in 96 tissue wells starting at a concentration of 1400 pHg.ml™ (100%). Serial
dilutions of the MC and DC at 10% increments were investigated in order to detect
significant HPLF cell growth inhibition. The significant LDso was further determined at
one percent increments in order to arrive at a specific percentage value.

The results were read as LDs, values from growth concentration curves. The LDso of

MC on PDL1 and PDL2 after one hour exposure was 686 pug.mi™ and 896 pg.mi™



respectively while for DC it was 252 ug.ml™ and 546 pg.mi™. The LDs, of MC on
PDL1 and PDL2 after 24 hour exposure was 196 Hg.mlI™ and 266 pg.mi™
respectively while for DC it was 252 Hg.mlI™ for both. The LDsy of MC on PDL1 and
PDL2 after 48 hour exposure was 252 Hg.mI™ and 182 yg.mi™ respectively while for

DC it was 154 ug.mI™ and 168 pg.mi™.

Based upon the LDs; values this study found that DC is more cytotoxic than MC and
linked to this, the two cell lines reacted slightly differently. The concentrations MC

and DC tested in this study did however not influence growth of HPLF significantly.



CHAPTER 1: INTRODUCTION

Periodontitis is an infectious disease caused by periodontopathic bacteria in the
gingival crevice. It is known that more than 500 species of bacteria are found in
dental plaque and is present in periodontal pockets (Moore & Moore, 1994; Paster et
al., 2001). Periodontopathic bacteria such as Actinobacillus actinomycetemcomitans
and Porphyromonas gingivalis have the ability to penetrate and survive within host
cells (Meyer et al., 1997). Mechanical debridement of pockets is not always effective
on its own for treating certain forms of periodontitis. Tetracyclines are broad-
spectrum bacteriostatic antibiotics that are widely used as systemic and locally

delivered antimicrobial adjuncts to periodontal therapy.

In certain forms of periodontitis antibiotics are administered as adjunctive therapy
either systemically or locally. Antibacterial agents are directly administered to the site
of infection as chemotherapeutic treatment - either by conditioning of the dentin, local
irrigation or agent application in a periodontal pocket (Caton et al., 2000; Kim ef al.,
2004). The use of Tetracycline-HCI (TCH) (100mg.ml™) as irrigant for 5 minutes in
conjunction with mechanical debridement resulted in significantly greater attachment
gain over a six months period of healing as compared to scaling and root planing
alone (Christersson ef al., 1993). When used for root conditioning together with
mechanical debridement, research has shown that it extracts bacterial endotoxins
from affected roots resulting in reattachment of the periodontal fibroblasts (Gilman &
Maxey, 1985). Tetracyclines proved to be not just antibacterial but have other
properties such as anti-inflammatory activity, suppression of immunity, suppression
of antibody production in lymphocytes, inhibition of lipase and collagenase activity

and improvement of the attachment of gingival fibroblast cells (Roberts, 2002).



After topical application of tetracyclines, it exhibit dentine substantivity whilst
maintaining antimicrobial activity in the periodontal pocket. Locally controlled release
delivery systems for insertion directly into the periodontal pocket are available
(Demirel et al., 1991). Concentrations of Tetracycline (TC) in excess of 1300 pg.ml™
in the crevicular fluid can be obtained with local delivery systems with minimal
detrimental effects. Adjacent soft tissue concentrations can reach values of
approximately 65 pg.mi™ with little systemic uptake (Seymour & Heasman, 1995).
Goodson et al., (1983) reported a maintainable level in the periodontal sulcus of 1500

pg.mi™ for 10 days utilising tetracycline hydrochloride (TCH) containing fibers.

In the literature different concentrations of different tetracyclines and their effect on
human gingival epithelium and human periodontal fibroblast attachment, growth and
cytotoxicity has been studied (Inoue et al., 2004; Maizumi et al., 2002). The
minimum inhibitory concentrations (MIC) of TC to periodontopathic bacteria are
known (0,0314,0 pug.ml™) (Miyake et al,. 1995). Research suggests that the
advantageous effects of TC, MC and DC may be less at higher concentrations
(Rompen et al., 1993), as the effects become cytocidal (Tsukuda & Gabler, 1993).
Although the treatment of periodontal disease with different TC concentrations was
researched as indicated, the precise concentration of cytotoxicity for MC and DC to
Human Periodontal Ligament Fibroblast (HPLF) is however still unknown and will be

determined in this study.



CHAPTER 2: LITERATURE REVIEW:

2.1 The use of tetracyclines as locally applied antibiotics in periodontics

The utilization of locally delivered antibiotics is mainly as periodontal supportive
therapy together with scaling and root planing in persistent deep pockets. Local
delivery of antibiotics may be most beneficial in the control of localized ongoing
disease, in otherwise stable patients in order to limit systemic resistance (Mombelli,
2003). Concentrations of 500 pug.mi™ TC were established initially by local fiber
application in the gingival crevice and after prolonged periods of time concentrations
of at least 50 pug.mI™ TC are achievable (Goodson et al., 1983). This is 10-100 times
the periodontal pocket concentration normally achieved by systemic administration of
TC and is capable of inhibiting 345 strains of bacteria normally isolated from
periodontal pockets. The concentration of TC needed to inhibit most periodontal

bacteria in vitro is 4-8 pg.mi™* (Walker et al., 1981).

TCH, DC and MC are semi-synthetic bacteriostatic antibiotics. The latter two exhibit
greater oral absorption, longer half-lives and are more extensively protein bound.
TCH is a chelating agent while DC and MC have less gastrointestinal side effects.
Antimicrobial activity of the TC is achieved by them being concentrated in the gingival
crevicular fluid after systemic treatment (Seymour & Heasman, 1995). HPLF
possess active transporters that could potentially contribute to the relatively high
levels of TC in gingival crevicular fluid (Yang et al., 2002). In contrast after systemic
administration of TC, MC and DC the average gingival crevicular fluid concentration
was however found to be 20-50% lower than the plasma concentration and in 20% of

cases below levels that are considered to be antimicrobial (Sakellari et al., 2000).



Researchers have suggested that inter individual variability of oral absorption may be

the reason for the variability of the plasma concentrations.

The substantivity of TC to cementum and dentine is very good and provides a
constant TC release into the crevicular sulcus (Baker ef al., 1983). In vitro studies
have shown that pre-treatment of dentine with TC enhances HPLF attachment and
colonization. Incubation of HPLF with 50 pg.mI™* of MC significantly improves cell
attachment compared to untreated dentine (Rompen et al., 1993). Somerman et al.
(1988) indicated in their in vitro study of the effects of MC on the spreading and
attachment of fibroblasts, that concentrations greater than 50 pg.mi™ MC, promoted
cell attachment but concentrations higher than 100 pg.mi™ prevented cell
attachment, suggesting that there should be a concentration that is optimal for cell

attachment.

Rompen et al. (1993) studied the effect of MC on HPLF populating powdered
dentine. The MC was used to condition the dentine. MC conditioning enhanced the
attachment and spreading of the HPLF significantly and is dose dependant. The
concentrations of MC applied were 20, 50, 100 and 200 pug.mi™ and the optimum
concentration was shown to be 110 pug.mi™. Higher dosages did not prove to be
more beneficial. In a follow up study the same group of researchers found
significantly higher rates of HPLF proliferation and significantly higher levels of total
protein and collagen synthesis on MC conditioned dentine than on untreated dentine

(Rompen et al., 1999).



2.2 Cytocidal effect of locally applied antibiotics

The cytocidal effect of macrolide antibiotics was determined on HPLF as alternative
to tetracycline antibiotics in the treatment of periodontitis. Topical administration in
vitro of clarithromycin or azithromycin to the gingival sulcus at the minimum inhibitory
concentration (MICg) for periodontopathic bacteria had little effect on the growth and
differentiation of the periodontal ligament cells (Maizumi et al., 2002). The minimum
inhibitory concentrations of TC to periodontopathic bacteria such as Porphyromonas
gingivalis, Prevotella intermedia and Actinobacillus actinomycetemcomitans range
from 0,031-4,0 pg.mi™ and that of MC range from 0.031-2,0 pg.mi™ (Miyake et al,
1995).

The minimum cytocidal (LDso) concentration of MC applied to human gingival
epithelium at a cell density of 1x1 08 cells.mI™ was 21.234 + 3.012 pg.mi™ and for
TC 28.522 +1.106 pg.ml™ after an exposure period of 48h, while the maximum non
cytocidal concentration for MC was 0.148 pg.mi™ and for TC 0.481 pg.mi™ (Inoue et
al., 2004). Tsukuda & Gabler (1993) investigated the influence of different DC
concentrations administered to PDLF. Dosages higher than 50 pg.mi™ DC reduced
the number of adherent cells significantly. Cytotoxicity was determined by lactic
dehydrogenase assay and this increased significantly at dosages higher than 50
pug.mi™ DC. This suggested that DC in higher dosages may be cytotoxic to PDLF

and affect the spreading and attachment of these cells.

MC has a greater cytotoxicity compared to DC and TC when applied to human
epithelioid S-G cells (Babich & Tipton, 2001) and HPLF (Omori et al.,, 1999). It is

postulated that the cytotoxicity of an antimicrobial agent is determined by its



lipophilicity resulting in easier cellular penetration. As MC is the most lipophilic it is
the most cytotoxic. Babich & Tipton (2001) reported irreversible damage of S-G cells
when exposed for one hour to 400 ug.mi™ and higher concentrations of MC but the

cells were able to recover after one hour exposures to 25-200 ug.mi™ MC.

According to Chang et al. (2001) it is necessary to evaluate the concentration of the
drug applied, exposure time and the surface area exposed when investigating the
cytotoxicity of a drug. The methods they used to evaluate cell toxicity were protein
synthesis assay, mitochondrial activity and propidium iodide fluorescence cytotoxicity

assay.

Although cytotoxicity of TC against human cells has been indicated the relative
toxicity of tetracyclines and fluorquinolones in terms of cytocidal effects (LD50)
proved to be in rank order Demeclocycline>MC>TC>TCH, where Demeclocycline,

MC and TC were 6 times more cytocidal than TCH (Omori et al., 1999).



CHAPTER 3: AIM:

As the relative cytotoxicity of MC and DC is not known, this study was designed to
determine the minimum cytocidal concentration of MC and DC on the growth and
proliferation of HPLF in vitro by growing cells in the presence of MC and DC in media
in 96 tissue wells starting at a concentration of 1400 ug.ml™ (100%). Serial dilutions
of the MC and DC at 10% increments were investigated in order to detect significant
HPLF cell growth inhibition. The significant LDse will be further determined at one

percent increments to arrive at a specific percentage value.



CHAPTER 4: MATERIALS AND METHODS:

4.1 Tetracyclines tested
Two different tetracyclines were used in this study namely MC and DC. The

concentrations in the media are given in table 4.1 starting at a concentration of 1400

Hg.mi™.

Table 4.1 Concentration of MC and DC in EMEMS for cultivation of HPLF with

1400 ug.ml™ taken as 100%

Media | Percentage | Concentration MC/DC
% (ug.mr™)

A 100 1400
B 90 1260
C 80 1120
D 70 980
E 60 840
F 50 700
G 40 560
H 30 420
| 20 280
J 10 140
Control 0 0

After the initial tests were done the range of the tetracycline concentrations was
narrowed in order to determine the MIC and/or LDsp of tetracycline. During this
phase the concentration of the tetracycline in the media was varied with 1%
increments (Table 4.2) after the MIC of the specific cell line for the specific

tetracycline concentration with 10% increments was determined. In all media

10



preparations, care was taken to ensure that all solutions were freshly made and used

immediately.

Table 4.2 Concentrations of MC and DC in EMEMS for cultivation of HPLF at 1%

increments

Media | % MC/DC PDL1 | % MC PDL2|% |[MC PDL1| % DC PDL2
and PDL2 t=1 =1 (ug.mf™) t=1 (ug.ml™)
(ug.ml™) (ug.mr™)

A 19 266 69 966 49 686 39 546

B 18 252 68 952 48 672 38 532

Cc 17 238 67 938 47 658 37 578

D 16 224 66 924 46 644 36 504

E 15 210 65 910 45 630 35 490

F 14 196 64 890 4 616 34 476

G 13 182 63 882 43 602 33 462

H 12 168 62 868 42 588 34 448

| 11 154 61 854 41 574 31 434

J 10 140 60 840 40 540 30 420

Control 0 0 0 0 0

4.2. Cell cultures

Two different lines of human periodontal ligament fibroblasts (HPLF) were grown in

EMEMS (Highveld Biological, PO Box 1456, Lyndhurst, 2106, RSA). Standardized,

calibrated cell suspensions at a concentration of 2-4 X 10* cells.mI" media (Wilken et

al., 2001) were inoculated into a series of 96 well tissue culture plates (200ul per

well) (AEC-Amersham, PO Box 1596, Kelvin, 2034, RSA). After 24 hours incubation

at 37°C in 5% CO and 95% air in a humidified atmosphere, the media was removed,

cells were washed and the prepared media with known concentrations (see Table 4.1

& 4.2) of the two different Tetracycline’s were added to the cells. Three wells per cell

11




line were used for each concentration of tetracycline. Cytotoxicity was determined
after 1, 24 and 48 hours using the MTT [3-(4,5-dimethyl-thiazolyl-2)-2,5-
diphenyltetrazolium bromide] technique (Mosmann, 1983). Control wells of the
different fibroblasts were incubated with EMEM only. All experiments were done in

triplicate.

4.3. Cytotoxicity screening

A standard MTT assay (Mosmann, 1983) was used in this study. In this test MTT
was reduced by mitochondrial dehydrogenases in living cells; this reaction produces
formazan crystals, which were quantified by photometry after extraction. In this study
20ul MTT (98%) (Sigma-Aldrich, 17 Pomona St, Aviation Park, Unit 4, Kempton Park,
1619, RSA) was added to the wells and the cells were incubated for 4 hours at 37°C.
The incubation media was carefully removed and 100u/ of Dimethyl Sulfoxide
(98.6%) (Sigma-Aldrich, 17 Pomona St, Aviation Park, Unit 4, Kempton Park, 1619,
RSA) was added to the wells. Well plates were carefully shaken and the absorbance
read at 560nm. The results were normalised considering the control well as 100% -

non-cytotoxic (Mosmann, 1983).

4.4 Statistical analysis:
After normalization of all the cytotoxicity readings and calculation of average values,
results were statistically compared with ANOVA using Statistix 8 software (Analytical

Software, PO Box 12183, Tallahasee, FL 32317-2185, USA).

12



CHAPTER 5: RESULTS:

5.1 Growth percentages of two different human periodontal ligament fibroblast
(HPLF) cell lines after exposure to test agents:

The average growth percentages of two different cell lines (PDL1 and PDL2) after
exposure to different concentrations MC and DC for 1h, 24h and 48h are shown in
Table 5.1. In general an initial increase in growth was observed with MC but not with

DC.

Table 5.1 Average growth percentages of HPLF after exposure to 10%
incremental dilutions of MC and DC starting at a concentration of 1400 pg.ml™
(100%) determined by standard MTT assay of each well after 1, 24 and 48
hours.

Concentration

| (pg/mi) 0 140 280 420 560 700 840 980 1120 { 1260 1400
MC PDL1 t=1 100 | 104.94 | 108.95 | 109.40 | 109.59 | 93.96 | 82.20 | 68.38 | 69.00 | 68.82 71.28
MC PDL2 t=1 100 | 130.15 | 129.69 | 131.12 | 137.50 | 117.08 | 105.21 | 82.81 | 92.62 | 88.00 82.98
MC PDL1 =24 100 1074 | 8524 | 5545 | 5218 | 5046 | 53.48 | 50.38 | 58.94 | 51.90 47.12
MC PDL2 =24 100 | 10853 | 96.70 | 60.96 | 58.00 [ 54.06 | 56.15 | 56.33 | 61.24 | 62.42 57.32
MC PDL1 t=48 100 | 131.32 | 60.70 | 6248 | 5717 | 6599 | 65.32 | 6564 | 77.91 | 73.65 95.26
MC PDL2 t=48 100 | 138.06 | 6638 | 65.04 | 6368 | 6956 | 68.16 | 71.00 | 89.67 | 91.45 | 113.26
DC PDL1 t=1 100 | 9735 84.11 94.23 | 8949 | 84.11 79.11 | 80.05 | 74.57 | 68.06 69.03
DC PDL2 t=1 100 | 100.33 | 95.36 | 10542 | 9945 | 8767 | 91.56 | 84.17 | 7546 | 78.92 77.91
DC PDL1 t=24 100 | 119.63 | 56.91 60.03 | 6143 | 5815 | 61.26 | 62.84 | 67.29 | 75.48 80.27
DC PDL2 t=24 100 ] 8475 | 4864 | 5822 | 5469 | 5532 | 54.56 | 57.15 | 60.90 | 59.20 59.58
DC PDL1 t=48 100 | 7413 | 5557 | 6752 | 6729 | 64.06 | 70.74 | 71.60 | 85.07 | 88.09 93.62
DC PDL2 t=48 100 | 61.09 | 5224 | 5987 | 6152 | 5524 | 59.90 | 60.31 | 68.75 | 72.82 62.70
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Table 5.7 Summary of LDs, values as read from growth-concentration curves

LDso (ug.mi™) LDso

(ug.mi™)
MC PDL1 t=1h |686 MC PDL2t=1h | 896
MC PDL1 t=24h | 196 MC PDL2 t=24h | 266
MC PDL1 t=48h | 252 MC PDL2 t=48h | 168
DC PDL1t=1h | 252 DC PDL2 t=1h | 546
DC PDL1 t=24h | 252 DC PDL2 t=24h | 252
DC PDL1 t=48h | 154 DC PDL2 t=48h | 168

23



CHAPTER 6: DISCUSSION

The advantages of tetracyclines are multiple, for example immune suppression,
anti-collagenase activity and improvement of fibroblast spreading and attachment
(Roberts, 2002). Disadvantages of applying antibiotics locally or systemically
include development of resistance and cytotoxicity towards the cells in the
application area. Results of this study were based on standard MTT assay,
determining the cytotoxicity quantified as the MIC or LDsy of MC and DC towards
HPLF. Results showed that DC is more cytotoxic than MC. There is a difference in
cytotoxicity between the two cell lines PDL1 and PDL2, as PDL2 is more resistant
than PDL1. This difference in cell survival can possibly be explained by genetic

differences between individual cell lines. The cell survival was affected in a
concentration dependant manner, decreasing as the concentration of the test agent

increased.

In this study HPLF appear to have a high level of resilience towards the direct
application of DC and MC. Previous studies described that the effect of MC, DC
and TC application appears to be specific to the cell type (Guerin et al., 1992). It
was indicated that human gingival epitheloid SG cells have a midpoint cytotoxicity of
MC at a concentration of 204 pg.ml™ on day one, 84 uyg.mI™ on day 2 and 59
pug.mi™ on day 3. The same group of researchers found that after a 24 hour
exposure period the normalized ratio (NRsg) for MC was 226 pg.ml™ and DC 364
pg.mi™. Therefore it is clear that much higher concentrations of MC and DC can be
applied to HPLF in comparison to human gingival epitheloid cells as the LDsp values
after 24h for MC was 196-266 pg.ml™ and DC 252 pug.mi™. The epitheliod cell

cytotoxicity to MC was measured by neutral red assay and it was shown that MC is

24



more cytotoxic than DC (Babich & Tipton, 2002) while this research found the
opposite towards HPLF. In the same study epitheliodS-G cells had the ability to
recover after one hour exposure to 200 pg.mi™ but after exposure to 400 ug.mi™
irreversible cell damage was caused. These results are higher than what Inoue et
al. (2004) found when applying different concentrations of MC to a human gingival
epithelial cell density of 1x 10° resulted in a LDso value of 21.234 + 3.012 pg.mi™

after 48 hour time period but much lower than the results of this study.

The LDsp values in this study are much higher than the optimal concentration MC,
110 pug.mi™ for dentine conditioning which resulted in optimal human periodontal
ligament cell attachment and spreading (Rompen et al., 1999). This study
determined that MC has a LDs, of 686 — 896 ug.mi™ after one hour while after
longer exposures the LDs, started at concentrations of 196-266 pg.mi™. MC has a
greater substantivity than TC (Baker et al., 1983) and that is possibly the reason for
the lower optimal value for the conditioning of dentine than the LDs in this study.
The intracellular concentration and duration of exposure to the specific
concentration of MC and TC determine their cytocidal effects. MC and TC resulted
in the highest percentage of apoptotic cells (LDsg) after 48h exposure to the
respective agents (Inoue et al., 2004) while in this study DC suppresses the growth

of HPLF more than MC after 48h exposure.

The LDso of DC in this study was affected by both concentration and by the
exposure period to the HPLF. The cytotoxicity is much lower in the study by
Tsukuda & Gabler (1993) who reported a significant cytotoxicity of DC at 50 pg.mlI™
to periodontally derived fibroblasts after a 3h exposure time in comparison to 252-
546 pg.mi™ as found in this study. The method of this study was however different

as it determined the specific cytotoxicity by means of MTT assays in determining the

25



LDs, whilst the aforementioned study stopped at the first significant value of growth

suppression.

By applying commercially available DC gel to the periodontal pocket a concentration
of 46,73 pg.ml™ can be maintained in the periodontal pocket for at least 10 days
(Kim et al., 2004). Therefore the use of this product will not be toxic to the human
periodontal ligament fibroblast as the LDso value in this study after a 48 hour
application was found to be 154-168 ug.mi™. Periodontal pathogens co-aggregate
in a biofilm, resulting in a susceptibility to antibiotics 50 times lower than when the
pathogens are in a sessile state (Brown & Gilbet, 1993). It should therefore be
possible to apply 50 times the MIC of MC and DC to periodontopathic bacteria

without influencing the growth of HPLF significantly.

The entry of DC into periodontal ligament-derived fibroblasts is influenced by the
composition of the growth media. It is well known that tetracyclines are chelating
agents. By removing any Ca?*+ or Mg>+ from the media the intracellular
concentration of DC can be doubled. Thus the uptake of DC can be influenced by
adding serum to the incubation media (Tsukuda & Gabler, 1993). The results of this
study could have been influenced by the chelation of DC. Variables, such as type
of growth media and in vitro cell density may influence results, making comparison
of different research designs difficult. In this study, however LDso values were

determined.

In vivo use of locally applied antibiotics is challenged by gingival crevicular fluid
flow. After application of fluoresceine gel in the gingival sulcus Oosterwaal reported

that 50% of the gel was washed out after 12.5 minutes (Oosterwaal et al., 1990).

26



The concentration of tetracycline (100 mg.mI™") decreased logarithmically after local
application, by means of a impregnated fiber from 1500 + 270 pg.mi™ to 19 + 5
pg.ml™ in one week (Goodson ef al, 1983). The clinically maintainable
concentration of locally applied TC is lower than the LDso values of this study;

therefore implying that it may be used without fear of being cytotoxic towards HPLF.

27



CHAPTER 7: CONCLUSION

In this study the results indicated that the cytotoxicity of MC and DC is concentration
dependant as well as dependant on the exposure time to HPLF. The determination
of the specific cytotoxicity of MC and DC to HPLF may maximize the clinical
application of the adjunctive benefits of these antimicrobial agents and reduce the
detrimental effects. The two cell lines showed a difference in LDsg values possibly

because of the genetic difference of the cell lines.

It is important to study the cytotoxicity of drugs utilised clinically on a regular basis.
The toxicity of the MC and DC has been speculated upon in the literature. In this
study it was determined that the local application of commercially available MC and
DC products will not be cytocidal towards HPLF but only suppressed growth in such
a way that this was eventually interpreted as LDs,. DC is more cytotoxic than MC
after local application to HLPF in vitro. MC and DC at concentrations tested in this

study will not influence the growth of HPLF significantly.
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Mdno | 1 2 3 4 5 6 7 8 9 10 11 12
cyclin
A 100% | 90% | 80% 1|70% | 60% 50% 140% {30% |20% 10% | Control
PDL1 | PDL | PDL |PDL PDL | PDL {PDL |PDL |PDL PDL | PDLI1
1 1 1 1 1 1 1 1 1
B 100% | 90% | 80% |70% |60% |50% 20% |30% |20% | 10% | Control
PDL1 | PDL |PDL [(PDL |PDL |PDL PDL | PDL | PDL | PDL | PDLI
1 1 1 1 1 1 1 1 1
C 100% |90% | 80% |70% |60% |50% 40% | 30% | 20% | 10% | Control
PDL! |PDL |PDL |PDL |PDL PDL |PDL |PDL |PDL PDL | PDL1
1 1 1 1 1 1 1 1 1 ,
D T
E
F 100% 190% | 80% |70% |60% |50% |40% 30% |20% | 10% | Control
PDL2 | PDL |PDL |PDL |PDL |PDL |PDL PDL | PDL | PDL | PDL2
2 2 2 2 2 2 2 2 2
G 100% 190% | 80% | 70% |60% .|50% |40% 30% |20% | 10% | Control
PDL2 |PDL |PDL |PDL |PDL |PDL PDL |PDL |PDL {PDL |PDL2
- 2 2 2 2 2 2 2 2 2
H 100% | 90% | 80% 70% 160% |50% |40% |30% {20% |10% Control
PDL2 PDL | PDL |PDL |PDL |PDL PDL | PDL |PDL | PDL PDL2
’ 2 2 2 2 2 2 2 2 2
Q\@ke_ ~o > 1. Immediately
’ 2. 24 hours
3. 48 ho"i\lrs
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14

I

Oipera b

Lirs

COMMENTS
1 2 3 4 5 b 7 8 9 10 11 12

A
CALL
CalcOb|  0.070 0.078 0.059 0.074 0.082 0.088 0.094 0,080 0.098 0.109 0.111 0.p41
¥ell SHP1 SMFY SHP17 SHP25 SHPI3 SHR4L P49 SHPST EHFES SHRT3 SHFE1 SHFE9
RELT

B
LALL
Calc0D| 0.094 2,078 0.097 2,091 (.082 0.089 0.096 0.074 0,693 0.119 8.103 0.p41
4211 SHP2 SHPLO SHPLR SHP26 SMF14 SHP42 SHPSO SHPSB EMPLE SHPT4 SHPR2 SMPT0
RSLT

£
CALL
CalcOB| 0.071 0.074 0.08 0.077 0.099 0.106 .08 0.083 (4.090 0.093 0.108 0.fos2
kell SHPI sHPil SHP19 SKP27 EEP3S SHP43 SHFS1 SHFS9 SHFAT HPTS SHPE3 sMPeL
RSLT :

D [
CALL t \
CalcBD (. 043 0,042 - 0,047 0,047 (0,047 0.0472 f.04% 0,047 0,047 0,042 {1,042 1014
Rell SHP4 cMp12 | SHP20 SHP28 SHPI EMP44 54P52 SHPED SHPLS SHPT4 SHPR4 3NP92
RSLT \

E
CALL :
CaleOD| 0-055 n.642 |0 044 0.043 0,043 0,042 0,083 0.047 0,042 0.042 0,044 04042
Heil SHPS SHP1Z X SHP2L SHP29 SHPI7 SHF45 SMP53 SHRAL SHPAT SHP77 SHPBS EHFe3
RSLT |

F !
CALL %
CalcDB} 0.073 0.080 0.079 0.073 0.088 0.079 0,081 4,087 0.497 0.0%1 . 100 042
fell ) SER14 EHP22 SHPIO SHP39 EHF44 SHPS4 SHF&Z SHFT0 SHP78 SHPE6 BAFTS
RSLT 4

G
LaLL
CaleBD] 0.080 0.071 0.090 0,070 0,080 0,074 0,085 0,09 0,088 0.038 0.0 0}042
Rell SHPT EMP1S 5MP23 SHPIL SHF39 SHP47 KPS SHPAZ sHP7t SHPTY SHPRT SkR93
RELT

" —
TaLL , |
CalclDi ©0.07% 9,094 0.971 0.078 0,084 0.058 0.068 1,087 5,083 0,074 0.1 0043
kell SHPE SHP1G gHP24 EHPI2 SHP 4D SHRAB 8KFSE SHFr&4 SHFT2 SHPEO SHPER 4 il
RSLT

3b



Bio—Tel EL <x8S800C

smaw s il Fead

walang Lhrdw o Temp s R T

JMMENTS

c0dy 0.127 0.123 ¢.122 ¢.098 0.1 0,103 0.123 0.103 9.102 0,104 0.109 4.t
1 SHPL SHPY cHPLT EMP23 SHp23 SHP4L SHF49 SHPST SHPES SHF73 gl o
r

B
0B 9.0%9 0.4%3 0.087 0.145 0.102 0.6 0.102 0.123 0.114 0,108 0.104 0,938
t CHF2 SEFLD SKP1B ERP26 EHPI4 EMP42 EHPED SHPSE HPbb EHFT4 b ) SRE90

00 6.101 0,104 0.087 0,091 0,096 | 0,111 0,101 0.0289 ¢.103 0,134 0.137 0. &42
l SHP3 SiFid EHPL9 SHP27 EHP335 EMP43 EmpPsl SKPS9 SRRET SMPTS £Mra3 SHEOY
r \
b
- Ed '1 ¢
:0D1_0.049 0,041 0.044 0.043 | 0.042 0.042 0.045 0,042 0,048 0.043 0,044 {1,943
: SHP4 SKpi2 SHPgﬁ cHP28 SHP3E SHPa4 SHPS2 SHPEOD SHPLE SHP75 Skr2d4 SHRe2
: i :
I3
00| 0,044 0.042 0.040 0.045 0.042 0.042 0.035 0.041 G.G4€ 5 0.040 0.044 0.442 |
i EHP13 SHF21L SHP29 SRF37 SHP4S |- EHPI3 ENpal EMPAY ERRT7 SHPES SHA9Z

-1

o0 0109 | o 0.109 | 0.077 | 0.092 | 0102 | o
¢ g

i1 ) 3 0.182 0.131 0.112 0
SHPE HPig SHF22 SHF30 SHF3B SHF44 SHPO4 8

1
&2 EHPT0 SHP78 SMFES

oy 0,122 9.100 35.093 ¢.163 0.6%3 0.492 0,185 (.121 0.164 0.107 0,154 0343
EHP7 SHP19 SHFZ3 ERF3L SHPI9 SKP4T EHF33 EMP&3 SHPTL EHFT? SHF8 EHp 93

H

eo} 0.037 0.112 0,083 2.094 0,104 0.0625 1,171 0,047 G.102 0,119 0,123 1 04
SHFa SRP14 chr24 Eup32 £RP40 EXpP4a SHF3S g ehisd SRPEO SKreg SHETE




Bio—Tek EL<xSOO

Hayn Bhad ol Read

vz lmng bhe dwa

- MMENTS

0.098 | 0.089 | 0.125 | 0.062 | 0.114 | 0.124 | 0.087 | 0.107 | 0.107 | 0,059 .| 0.134 | 0.5l
SHPL | SMP? | SKPI7 | GMP2S | SHPIZ | GMPAL | OMPA9 | GHPST | aNPes | cP7I | sePst | orped
]
W 0,125 | 0,091 | 078 | 0.27 | 0,099 | 0,093 | o.082 | 0.120 | 0431 | 0.116 | 0.188 | o042
SHP2 | SHPL0 | SHPIR | eMP26 | MP34 | SMP42 | SHPSO | SRS | SPes | cSP7a | swrez | sHe%o
£

By 0,108 0.054 -:§0.104 0,079 0.030 0.074 0.078 0.08b 0.10% 0.128 0.150 0 4042
EMP3 - EHP11 ‘GHP19 Shr27 SMP35 SKP43 SHPSL SHPa9 SMPe7 SHPT3 SHPE3 SHPL

0] 0.040 0.040 0.041 0.041 0,041 0.041 0.041 0.041 904 0.041 0.042 04044
F] SKP28 SHPI4 SKP44 EHF52 ERPEO EﬁPbB cHr74 CKPE4 £Rr92

0
Ca SHR4 SKP1Z oRF

oo o.042 | 0.es2 | 0.0tz | ooaz | 0002 | o082 | o0.042 | o082 | 0.002 | o.oar | o.081 | oles
SHPS SHPLZ | SMP2L | GHPZ? | GSHP37 | GSHFAS | GHFSS | GNPGL | CGEPEY | SHPI7 | GSHFES | SHPI3

F
00 0.085 | 0.103 | 0,080 | o.119 | 0692 | 0115 | 6,078 | 0.009 | o0.05 | 6122 | 0.3 | ofosz
SKP4 SHF14 | SMP22 | GMPID | SMP38 | SHPA& | SHPSE | SHPe2 | SP70 | SMP7E | SmPRe | GEFS

5
BD| 0.087 | .0BL | 0.065 | 0117 | 0.688 | 0,002 | 0.099 | 0.059 | 612 | o0.095 | e.1a7 ] olosz
© | sHP7 | .oMPis | omP23 | SMP3L | sMP39 | sHP47 | SMess | owpe3 | gep7t | SME79 | cses7 | okpes

0B} 0.0%0 0.114 0.070 0.694 0.081 0,104 0,104 0.092 0.087 4.081 0.1
Ehiy EhFi4 EHP24 EHF32 SHFED EhIE Y SHF A SHp&4 Lhigy EHPEQ hid




39

Doxy |1 2 3 4 5 6 7 8 9 10 11 12
cyclin
A 100% 190% | 80% | 70% |60% |50% |40% |30% 20% | 10% | Control
PDL1 |PDL |PDL |PDL |PDL |PDL |PDL |PDL PDL | PDL | PDL1
1 1 1 1 1 1 1 1 1
B 100% | 90% | 80% |70% |60% |350% |40% |30% 20% | 10% | Control
PDL1 |PDL |PDL |PDL |PDL |PDL |PDL |PDL PDL | PDL | PDLI1
1 1 1 1 1 1 1 1 1
C 100% |90% |80% |[70% |60% {50% |40% |30% 20% | 10% | Control
PDL1 |PDL |PDL {PDL |PDL |PDL |PDL |PDL PDL | PDL | PDLI
1 1 1 1 1 1 1 1 1
D
E
F 100% 190% |80% |70% |60% |50% |40% |30% |20% 10% | Control
PDL2 | PDL |PDL |PDL |PDL |PDL |PDL |PDL |PDL PDL ; PDL2
2 2 2 2 2 2 2 2 2
G 100% | 90% |80% | 70% |60% |50% |40% |30% |20% 10% | Control
PDL2 | PDL |PDL |{PDL {PDL {PDL |PDL |PDL |PDL PDL | PDL2
: 2 2 2 2 2 2 2 2 2
H 100% | 90% 80% | 70% | 60% |50% |40% |30% |20% |10% Control
PDL2 |PDL |PDL |PDL |PDL |PDL |[PDL |PDL |PDL PDL | PDL2
‘ 2 2 2 2 2 2 2 2 2
' ? l@}g, roP4. Immediately
' 5. 24 hou‘is
6. 48 hou
e ‘1.0 > ¥ f"' \ —



Oox-
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Blio—Telk _!EEI__ = lele]

smay e Buod ol Read Daten2d 057005 Loty ] }CbCZ’Q':;bmvr4
Timsa Ol o 00 s GFPR Dperator:
sealangthed9o Temp Folacte Tl

JMMENTS

0.073 0.083 0.089 0.093 ¢.084 0.029 0,052 0.0%0 0.119

0.078 0.089 04041
SHP1L SHPg EuP17 SHP23 SHP33 SHP4L EHP49 SMFO7 CHPES EMFT3 SHFEL Exree

0D} 0.084 0.080 0,074 2.099 0.083 0.081 ¢.088 0.074 0.088 ¢.077 0.057 #.041
ENP2 SHFL0 SNF18 ENPZH | - SHP34 EHP42 EHFID SHPS2 SMPEL EHPT4 SHPR2 i )

3

086 | 0.093 | 0.055
P3| sl | sHp1g

L <

X -
R
r D
~

0.083 ¢.069 ¢.087 0077 {082 0
[

0.083 0.2
cHPIS EMP43 SHPS1 GHPS? SHFRT SHETS 5

K91

=
-

Sopl_.0az | oceas | o002 | o083 | a.e4r | 0041 | 0,082

_ 0,041 0,041 D041 0,042 013{L__
SHF4 EMP12¢ | SHP2D thige EHP3L SHF44 SHP32 SHRD SHP&S ENPTE SHPE4 £Hpoe

E L)
< (e
- :bhy._0.042 0,042 || | 0.042 0.042 0.042 0,042 0.042 0.641 | 0.043 0.043

' SHFS EMP13 ',XSHP21 SKP29 SRP37 GHF43 SHPS3 EMPEL SHPA9 CHPTT SHFES
\

0.042 0.042
SHE9T

| 00 0,169 ¢.0748 0.078 0.033 0.072 0.026 .084 0.104 0.084 0,086 0,084 0,443
’ GHFh aHP L4 EHF22 SKP30 SHP38 EHPéh EHPS4 EHPh2 EMFT0 EHF7E SHPBE 5Ky 74

00 6.073 0.0672 0.070 0.090 (.085 0.078 6.084 0.097 0.072 0.077 0,083
SHP7 EHFLS EHF23 EHP3L SHP39 EHP47 SHFSI EHFA3 SHF7L SHPTY SHFE?

Iy <>
i
e

0Dl 0.¢82 ?

081 ¢.078 9,090 0,100 0,088 0.07 0.677 0.679 0.075 3,095 1. 444
SKPE CHELA EHF24 SHPI2 SKF40 CHP43 CHP 3! ENFS4 CHR72 _SHPEO SHres cHRTS

-




Chod ol Flasas

sealeng bl a2

h

Bio—Tel ElL_<x8O0

IMENTS
1 2 3 4 3 & 7 2 0 1

0.158 0.114 0.141 0.200 4.204 0,144 0,135 0.140 0.118 0,109
EHP1 Chig] EHRL7 kP23 EHF33 SHRr4l EHR49 SHPS7 SHFT3 enral
0.130 0.127 0.147 0.148 D169 0.128 0.123 0.119 0,088 ¢.480

P2 SHF1D EHP18 EHP24 SHFI4 Supaz SKP30 EHPER SHPT4 SHpPRZ

0.127 178 1 0.140 134 0.144 0.0%4 0.157 0.134 0.123 G.099

ENP3 SHPIL 7| kP19 SHP27 SHPIS SHP43 SHP3t EHF39 P75 Exral

K
0.042 0.042 | .0.044 0.043 0.042 0,042 0,042 0,042 1 0,142 0,047 434 ~
SMP4 SHP12 5‘§HP20 SHFze EHPZ4 SHP44 EMFS2 Shran S¥P76 Ghred 72
0,043 0.042 0042 0.042 0,043 0,041 0,043 0.041 0.041 0.042
SHP3 SEP13 ?.f?l SKP29 SHP37 SHP435 SHFS3 SHFBL SHPT77 ERFBS
\\

0.193 0.113 0.127 0.133 0:127 0,157 0.142 0.141 $.092 0,118
EXPS SHP14 SHP22 SHP3O Shrie SHP46 SHp54 SHPE2 EHP73 EHFEd
0.185 A3 0.152 0.183 0.197 0.124 0.119 0.144 4,122 g42
SHF7 SEF1S SHPZ3 SHPIL P9 SHpd7 SHPS3 SRPE3 SHRTY {H73
0.206 0.213 4.164 0.124 0,144 0.139 TIEYS 0.121 4.089 3.104 43
GHF3 SHP14 EHP24 SHF32 SHP40 ghp4e EHPSS EhPe4 SHPGD . | SHPEE i
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e leng thadSo T s

IMMENTS

, 1 2 3 4 5 b 7 ] 9 g 11 12

A

DB} 04139 0,154 0.093 0.132 0.113 0.052 0.0%2 0.107 0,103 0.056 0,155 G.pdt
SHP1 SHP9 SHP17 SHP23 SHR33 SHP41 EHP&9 SKF37 EHP&S SRFTZ SHPel Ehras
0.122 0.140 0.104 0.102 0.109 0,138 9.124 0.112 9,083 0.09 0,186 0.342
SHF2 SHPLO EMpig S4P24 GHPI4 EMP42 EMP30 ShPSR SHPLb SMPT4 EHpE2 SHJ

00| 0.100 | 0.0% | 0.097 | 0.138 | 0.085 | .09 | 0.109 0.094 | 0,103 | 0.8 | 0.0
SMPI | SHPLL | SmP19 | SMP27 | smPI3 | SHPel | amet sPe7 | SHPTS | SHPRD | SHAL

B
onj_o0.042 | o.082 | 0.042 | 0.042 | o0.081 | 0.081 | 0,081 | 0081 | 0.082 | 0.081 | 0,041 | 0.042
SHPTG | SHPAA | GHPSZ | GFFED | SHPeB | SHPT6 | SHPB | K2

SHP4 Shrl2 SHP20 cHP2e

§.042 0.04 0.041 0.042 0. 041 0.

Coopl—ooa2 | oooaz | 004 | 0,041 | o0.08 | 0.04
§5 EHPS3 SHPAL SKFA SHR77 9ﬁF95—~“-EH4§3

oo oewes | osweran] oswe2r | oswP2 | sMP37 | o

i

S 0.1 0.137 Y|} 0.139 0.080 0.12 0.125 0.114 0.9%5 | 0,093 2.0%8 0.082 0.{41
T SHPS SKP14 % SHP2Z SHP30 SKES SHP 46 SMF34 SHF&2 SHP79 SHPT8 gHPES SHETA

5
S| 635 | 0.105 | 6uaz9 | 0128 | 0100 | 031 | 0.1 | 0.112 | 0128 | 0403 | 0181 | 0.049
| swer | cwees | ewp2s | ewp3t | owp3o | owpaz | cHpss | chee3 | SMPTL | SNP7G | sWPE7 | oMPeS

“H
o ot | 017 | ooute | 0.8 | e.up | 0a26 | 0109 | 0.0% | 0.8 | 0.125 | 0,082 ) 0.042
G| aee | SP1s | WPz | sps2 | spso | cHPaB | SHPSA | Shpad | GMPT2 | SMPBO | GMPEE | SHF%

I %



MC PDL 1 h 40— 50
MC PDL 2 1h 60— 70
MC PDL 1 24h 10-20
MC PDL 2 24h 10-20
MC PDL 1 48h 10-20
MC PDL 2 48h 10-20
DC PDL 1 1h 0-10
bC PDL 2 1h 30— 40
DC PDL 1 24h 10-20
DC PDL 2 24h 10-20
DC PDL 1 48h 0—10
DC PDL 2 48h 0-10

L

i
—
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coayn Bhadoln Fesad Pates LEA0G 05

sOZnd9 e Lakr

Lo eleng th 490 Tezinp

1 2 3 4 5 h 7 g q 15 i1 12
}
i
Wo0.222 0.261 t.214 0. 454 0.425 0.575 0.471 0.587 0.689 (.584 ¢.579 ({041
SMP1 - | GHPY SHEL7 SMP23 SHP3Z SHF4L EHF49 SHFS7 GHPES SMP73 SMPE1 cHprag
)

oo oaes | oo | oease | oot 0.49L | 6.630 | o0.764 | 0.587 | 0.665 | 0.57% | 0.517 | oloxs
1 sHp2 SHPLO | SMFLS | SMP24 | SHP34 | SHPAZ | SMPSO | SMPSB | SMPes | SHPTA | SPe2 | sHPYO

0.183 0.241 0.228 0.360 9.290 0.398 0.534 0.441 0.582 0.482 33 0.044
SHp2 SHP1L SHF1G SMF27 SMP33 SMP43 SHPS1 SMP59 SHP&ET EHP73 SHPB3 SHP9tL

}

) 144 0,043 3,045 0.046 0.047 0.043 0.042 0.045 G.0435 0.048 0.044 0.034b

'} BHP4 SHF12 SHF20 SMp2a SHP34 oHPEY SAPaZ Shigay SRS SR EMRed = )

mminis BT <448 4,044 {1.048 0,044 0,047 0.049 0.044 (.048 0.048 0.J:45
SNF5 SHP13 SHF21

SHP29 SHP37 SHP43 SHF53 SHPAL EEP&T SRPTT LR by N

-y

g A . 2 '
o011 0.118 VD.334 0,140 0.178 0.15¢ 0.172 0,167 GHSAO 0,287 | 0,34 0.p43
-GMP6 ] GMP14 S4p22 SHF30 SHP3R SHPAL EHP34 SHPA2 »§Hf70- cEpP7B SMPBE SHpPT4

0,108 0.128 0.175 0.187 0.228 0.145 0.206 0.281 | 0.191 0.247 0.393 0.p38
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