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Fig. 1. Relationship between oral EGF and the survival prob-
ability of irradiated rats. Irradiated rats were subjected to no
further treatment (Group 1) or were treated with vehicle (Group
2), 50 pg/ml EGF (Group 3), or 100 zg/ml EGF (Group 4). The
survival probabilities of EGF-treated rats (Groups 3 and 4)
differed significantly from that of untreated rats (Groups 1 and
2), as determined by the Kaplan-Meier log-rank test (p=0.0001).
However, the survival probabilities of rats treated with 50 pzg/ml
EGF (Group 3) or 100 zg/ml EGF (Group 4) showed no sig-
nificant difference.

Number of death

Survival rate

Groups (No. lived/No. dosed) Days post-irradiation (day)
1~5 6 7 8 9 10 11 12 13 14 15 16~18
No irradiation 7/7 0 0 0 0 0 0 0 0 0 0 0 0
No treatment 0/6 0 0 0= 3 3
Vehicle control 0/6 0 0 0% 3 2 1
rhEGF 15 ug/oral cavity/day 2/6 0 0 0* 0 0 0 2 0 1 1 0 0
rhEGF 30 ng/oral cavity/day 2/6 0 0 0% 0 0 3 1 0 0 0 0 0

*one rat was sacrificed for histopathological evaluation from each group at 7 days post-irradiaton
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Table 2. Incidence of Clinical Signs of Irradiated-rats with or without EGF

Group
Day Sign observed No irradiation =~ No treatment  Vehicle-treated ThEGF thEGF
15 g/ day 30 ug/day
0 Appears normal 7/7% 7/7 7/7 7/7 7/7
1 Appears normal 7/7 0/7 0/7 0/7 0/7
Anorexia 0/7 7/7 7/7 7/7 7/7
4 Appears normal 7/7 0/7 0/7 0/7 0/7
Anorexia 0/7 7/7 7/7 7/7 7/7
Hair loss 0/7 4/7 2/7 3/7 2/7
5 Appears normal 7/7 0/7 0/7 0/7 0/7
Anorexia 0/7 7/7 7/7 7/7 7/7
Hair loss 0/7 7/7 7/7 7/7 7/7
6 Appears normal 7/7 0/7 0/7 0/7 0/7
Anorexia 0/7 7/7 7/7 7/7 7/7
Hair loss 0/7 7/7 7/7 7/7 7/7
Sensitivity 0/7 477 5/7 0/7 2/7
7 Appears normal 7/7 0/7 0/7 0/7 0/7
Anorexia 0/7 7/7 7/7 7/7 7/7
Hair loss 0/7 7/7 7/7 7/7 7/7
Sensitivity 0/7 7/7 7/7 4/7 7/7
14 Appears normal 7/7 - - 2/2 2/2
Anorexia 0/7 - - 1/2 1/2
18 Appears normal 7/7 - - 2/2 2/2
Anorexia 0/7 — - 1/2 1/2
*number of animals with the sign/number of animals examined
Table 3. The Changes in Body Weight of Rats in the Radiated Groups
EGF (—) EGF (+)
Group
No treatment Vehicle-treated thEGF thEGF
15 ng/day 30 pg/day
Day 1 (n=7) 182.0+5.9 181.8+75 186.2+3.1 184.7 £6.7
Day 2 (n=7) 184.7+7.1 182.5+83 191.4+3.4* 189.31+6.3
Day 3 (n=7) 189.0+10.0 186.8+9.3 197.4+4.8*% 193.0+£6.8
Day 4 (n=7) 188.4+10.1 18344115 195.0+6.2% 1885+7.1
Day 5 (n=7) 165894 164.3+10.1 180.2+11.0% 1784+617
Day 6 (n=7) 1465+8.1 1443485 1544+133" 159.8+7.7"
Day 7 {n=6) 133.0£5.0 131.5+75 1482+168" 151.9+82"
Day 8 128.8+7.2 (n=3) 127.7+4.6 (n=3) 1413281 (n=6) 1439115 (n=6)

Each value represents mean+standard deviation. Values of un-treated group were not significantly different as compared to
vehicle-treated group. *p<0.05, p<001 significantly different as compared between rhEGF-treated group (15ug/day) and ve-
hicle-treated group, Tp<0.01: significantly different as compared between rhEGF-treated group (30 ug/day) and vehicle-treated group
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Fig. 2. Effect of EGF on rat body weight. Irradiated rats, treated
as described in the legend to Figure 1, were weighed daily. In
all groups, rat body weight tended to decrease, starting on days
4 and 5, but rats treated with EGF (Groups 3 and 4) lost
significantly less weight than rats not treated with EGF (Groups
1 and 2). Moreover, EGF treated rats started to gain weight on
days 9 and 10, with the rate of weight gain similar to that of
non-irradiated animals (Group 0), %mning on day 13. Values
reported are means. *p<0.05, p<0.01 compared with
Groups 1 and 2.

Table 4. Food Intake of Each Group

HEY 2 621 Rat2 ZAMI A" PUHSOI 8 rhEGFS Eat

F HolE WY £ i, olv FAXEH A
AR T Aoz A MA ﬂi w3l Wlsizb o
o|4 o]2d ¢} thEGF 15 (L& 30 pug/day T2 W HX| T2
BAA 2 F AEH 07 AFo] Fdste FAIE Kol
o7t 94 RE Frlsidl e, 38Alelle AHFe] F7HH
© Fol FelatAl #EE I (Fig. 2).

—e— No irradiation
—o— No treatment
35 - —*— Vehicle-treated
—a— rhEGF 15 pg/day
30 4~ rhEGF 30 pg/day

25
204
154

104

Mean food intake (g)

1 3 5 7 9 "M 13 15 17
Days post-irradiation (day)

Fig. 3. Effect of EGF on rat oral intake. Food intake of all
irradiated animals started to decline between days 3 and 5. In
rats treated with 50 zg/ml EGF (Group 3) or 100 xg/ml EGF
(Group 4), food intake began to increase, beginning on days 6
and 8, respectively. Beginning on day 14, the rate of food intake
in these rats was close to that of non-irradiated animals (Group
0). Values reported are means.

EGF (—) EGF (-+)

Group No irradiation

(n=7) No treatment Vehicle-treated rhEGF rhEGF

(n=7) (n=7) 15 pg/day (n=7) 30 1g/day (n=7)

Day 1 16.2 12.9 138 15.6 14.7
Day 2 23.2 13.8 13.7 17.7 14.0
Day 3 227 14.1 14.9 16.5 171
Day 4 22,6 13.4 12.6 5.1 194
Day 5 19.1 2.6 33 47 17.0
Day 6 16.2 0.4 04 1.37 9.6
Day 7 15.7 13 (n=6)" 1.6 (n=6) 2.0 (n=6) 8.3 (n=6)
Day 8 215 1.0 (n=3) 1.1 (n=3) 2.4 (n=6) 3.3 (n=6)
Day 14 26.0 All dead All dead 19.6 (n=2) 149 (n=2)
Day 18 29.4 All dead All dead 264 (n=2) 25.6 (n=2)

Data are mean value. '

one rat was necropsied for histopathological evaluation from each group at 7 days post-irradiaton
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Fig. 4. Histology of oral mucosa of irradiated animals on day 7. Note the inflammatory reactions, formation of pseudomembranes,
ulcerations and poor definition of the epidermal layer in the negative control (A, Group 1) and vehicle control (B, Group 2) animals,
whereas rats treated with 50 zg/ml EGF (C, Group 3) or 100 zg/ml EGF (D, Group 4) maintained a relatively better definition of the
epidermal layer with fewer inflammatory reactions (H&E staining, x100).
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Fig. 5. Histology of oral mucosa of EGF treated rats and of rats
not exposed to radiation on day 18. Note that the healed
mucosa of rats treated with 50 g/ ml EGF (B, Group 3) or 100
pg/ml EGF (C, Group 4) resembles the mucosa of normal,
non-irradiated animals (A, Group 0)(H&E staining, x100).

Rat= S¢kd o2 & g F7kA vt o3l ¥z iy Amifostine, Pentoxifylline, Glutamine, 2|3 hematologic
A okoky, AT Ao g5 Ao AulAS| N EE 7}R| 2 growth factor?] granulocyte colony stimulating factor (G-CSF)
dolow, Hut Fy|Ey RH|Eo|A ot AFAEE 9} granulocyte-macrophage colony stimulating factor (GM-
WA gFoke}(Fig. 5). CSF) ol o732, o]d Fulsd X g 59 Aol
el Al Y S EAlOAE o} L ety oA 7} Bk
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BteE dololvh. Fuied e ol wet chEARE £ 5 AA A 24 A AR R el E37) 9
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Az s BaEo] gt E3] el o] A A Al AR ez Agsizm geh' Y siAut dengk ghapot
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HAE = Fuldel oigk X2 e 27 A B A+t A= Fuldol gk x| 88l el §le AR ol
APz Y} WE oW, dlolx] 2, Chlorhexidine, theksl olzk Al z3t A9l AH(recombinant human growth
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—— Abstract

Effects of Recombinant Human Epidermal Growth Factor (rhEGF) on
Experimental Radiation-Induced Oral Mucositis in Rats

Kwonil Jung, Ph.D.*, Sunhee Kim, M.S.", Soo Young Moon, M.S.¥, Yeon Wha Kim, M.S.T,
Joon Pio Hong, M.D.T, Hyun Sook Kim, M.D." and Sang-wook Lee, M.D.*

Departments of *Toxicology and Pharmacology, TProtein Drug Development, Institute of Bioscience and
Biotechnology, Daewoong Pharmaceutical Co., LTD., Yongin, Departments of TPlastic Surgery and $Radiation
Oncology, University of Ulsan College of Medicine, Asan Medical Center, Seoul, ' Department of Radiology,

Gyeongsang National University College of Medicine, Jinju, Korea

Purpose: Oral mucositis is a common toxicity of radiation or chemotherapy, which is used a treatment for head
and neck cancer. We investigated effects of recombinant human epidermal growth factor (hEGF) on
radiation—induced oral mucositis in rat model.

Materials and Methods: Spraque-Dawley rats (7 per group) exposed to a single dose of 25 Gy (day 0) on
their head, except for one group, were randomly divided into un-treated, vehicle-treated, and two rhEGF-
treated groups. Rats were topically applied with rhEGF (15 or 30 ugforal cavity/day) or vehicle to their oral
mucosa. Survival rate of rats, weight changes, and food intakes were examined from day O to 18 after
radiation. Histology study was performed from oral mucosa of rats at day 7 and 18 after radiation.

Resutlts: rhEGF-treated groups (15 or 30 zg/day) showed all survivai rate 33%, whereas un-treated and
vehicle-treated groups showed all survival rate 0% at the end of experiment. rhEGF-treated groups statistically
had less weight loss compared to vehicle-treated group from day 2 to 7 after radiation. Food intake of rats with
rhEGF treatment turmned to increase at day 14 after radiation. At 7 day after radiation, un-treated and
vehicle—treated groups showed severe pseudomembraneous or ulcerative oral mucositis. On the other hand,
rhEGF-treated groups had no more than cellular swelling and degeneration of epidermal cells in oral mucosa
of rats.

Conclusion: These results suggest that rhEGF has significantly positive effects on radiation-induced oral
mucositis in rats. rhEGF display a therapeutic potential on a clinical level.

Key Words: Oral mucositis, Radiation, Epidermal growth factor, Rat model



