
Vol. 200 * No. 4 PREVENTION OF WOUND HEALING COMPLICATION 511
31. Ledney GD, Exum ED, Sheehy PA. Survival enhanced by skin-

wound trauma in mice exposed to 'Co radiation. Experientia
1981; 37:193-194.

32. Ledney GD, Stewart DA, Exum ED, et al. Skin wound-enhanced
survival and myelocytopoiesis in mice after whole-body irradia-
tion. Acta Radiol Oncol 1981; 20:29-38.

33. Stromberg LWR, McLaughlin MM, Donati RM. Combined surgical
and radiation injury. III. The effect of pre-irradiation radiopro-
tective drug treatment (33270). PSEBM 1968; 129:140-143.

34. Rettura G, Barbul A, Padawer J, et al. Vitamin A induced
lymphocytosis and monocytosis. 175th National Meeting,
AGFD, American Chemical Society, Anaheim, California, 1978,
March 13-17 (Abstract #44).

35. Rettura G, Stratford F, Levenson SM, et al. Prevention of ulceration
and other stigmata in stressed rodents given supplemental beta
carotene. American Society for Parenteral and Enteral Nutrition,
New Orleans, Louisiana, 1981, February 2-5.

36. Levenson SM, Seifter E, Rettura G, et al. Vitamin A inhibits
ulcerogenic action of toluenediamine (Abstract #3376). Fed
Proc 1979; 38:869.

37. Shen RN, Mendecki J, Rettura R, et al. Partial prevention of
radiation toxicity by supplemental vitamin A and beta carotene
(Abstract #4877). Fed Proc 1983; 42:1124.

38. Kagan BM, Kaiser E. Vitamin A metabolism in infection. J Nutr
1955; 57:277-286.

39. Rae K, Courtemanche AD. Vitamin A assay in burned patients.
J Trauma 1976; 15:419-424.

40. Moore T. Vitamin A. New York: Elsevier, 1957.
41. Herrmann JB, Woodward SC. An experimental study of wound

healing accelerators. Am Surg 1972; 38:26-34.
42. Martin MS, Lambert R, Martin F, et al. Effet protecteur de la

vitamin A sur l'ulcere de contrainte du rat. Comptes Rendus
des Seances de la Societe de Biologie et de ses filiales (Paris)
1967; 161:2527-2530.

43. Chernov MS, Hale HW, Jr, Wood M. Prevention of stress ulcers.
Am J Surg 1971; 122:674-677.

44. Demetriou AA, Seifter E, Levenson SM. Effect of vitamin A and
citral on peritoneal adhesion formation. J Surg Res 1974;
17:325-329.

45. Bark S, Rettura G, Goldman D, et al. Effect of supplemental
vitamin A on the healing of colon anastomosis. J Surg Res
1984; 36:470-474.

46. Seifter E, Rettura G, Padawer J, et al. Reduction of high dose
aspirin toxicity by dietary vitamin A. 183rd National Meeting,
American Chemical Society, Agriculture and Food, Las Vegas,
Nevada, 1982, March 29-April 3.

47. Cohen BF, Gill G, Cullen PR, et al. Reversal of postoperative
immunosuppression in man by vitamin A. Surg Gynecol Obstet
1979; 149:658-662.

48. Demetriou AA, Franco I, Rettura G, et al. Effects of vitamin A
and beta carotene on intraabdominal sepsis. Arch Surg 1984;
119:161-165.

49. Seifter E, Rettura G, Levenson SM, et al. Prevention of some
sequelae of Noble-Collip drum shock by vitamin A. First

Annual Conference on Shock, Airlie, Virginia, 1978, June
1-3.

50. Rettura G, Schittek A, Hardy M, et al. Brief communication:
Anti-tumor action of vitamin A in mice inoculated with
adenocarcinoma cells. Journal of the National Cancer Institute
1975; 54:1489-1491.

51. Rettura G, Barbul A, Levenson SM, et al. Increased survival in
mice with C3H breast adenocarcinoma after tumor excision
and vitamin A supplementation. Surg Forum 1978; 29:170-
172.

52. Lan S, Rettura G, Levenson SM, et al. Paraneoplastic neutrophilia:
response to local tumor excision and vitamin A. Surg Forum
1980; 31:420-421.

53. Seifter E, Rettura G, Levenson SM. Carotenoids and cell-mediated
immune responses. In Charalambous G, Inglett G, eds. The
Quality of Foods and Beverages-Chemistry and Technology.
New York: Academic Press, 1981; 335-347.

54. Rettura G, Stratford F, Levenson SM, et al. Prophylactic and
therapeutic actions of supplemental beta carotene in mice
inoculated with C3HBA adenocarcinoma cells: lack of thera-
peutic action of supplemental ascorbic acid. Journal of the
National Cancer Institute 1982; 69:73-77.

55. Seifter E, Padawer J, Rettura G, et al. Cancer control: x-ray
induced C3HBA tumor regression and prevention of its regrowth
by beta carotene and vitamin A. In Mettlin C, Murphy GP,
eds. Progress in Cancer Control. IV. Research in the Cancer
Center. New York: Alan R. Liss, Inc., 1983; 237-247.

56. Lucy JA, Lichti FU. Reactions of vitamin A with acceptors of
electrons. Biochem J 1969; 112:231-241.

57. DeLuca HF. Retinoic acid metabolism. Fed Proc 1979; 38:2519-
2523.

58. Seifter E, Rettura G, Stratford F, et al. Combination therapy with
retinoids in animal models. In Meyskens FL, Mathe G, Schmahl
D, eds, Proceedings, Spitzy KH, Karrer K, eds. Symposium
Retinoids: A New Approach to Prevention and Therapy of
Cancer. 1983; 201/5-201/9, SY 63-3, Part 201.

59. Medawar PB, Hunt R. Anti-cancer action of retinoids. Immunology
1981; 42:349-353.

60. Malkovsky M, Edwards AJ, Hunt R, et al. T-cell-mediated en-
hancement of host-versus-graft reactivity in mice fed a diet
enriched in vitamin A acetate. Nature 1983; 302:338-340.

61. Lotan R, Dennert G. Stimulatory effects of vitamin A analogs on
induction of cell-mediated cytotoxicity in vivo. Cancer Res
1979; 39:55-58.

62. Lotan R. Effects of vitamin A and its analogs (retinoids) on
normal and neoplastic cells. Biochim Biophys Acta 1980;
605:31-91.

63. Seifter E, Rettura G, Stratford F, et al. C3HBA tumor prevention
and treatment with beta carotene (Abstract #2413). Fed Proc
1981; 40:652.

64. Seifter E, Levenson SM, Rettura G. The lymphopoietic action of
vitamin A and beta carotene. 181st National Meeting, AGFD,
American Chemical Society, Atlanta, Georgia, 1981, March
29-April 6.

DISCUSSION

DR. JOHN A. SCHILLING (Seattle, Washington): This is a splendid
paper of Dr. Levenson's, another interesting step in a tortuous route
to controlled wound healing, common to all of surgery.
As I listened to the paper, I could not help but think back 20 or 25

years ago when DeDuve described lysosomes. Vitamin A was one of
the labilizing drugs, whereas cortisone was a stabilizer.
And then Tom Hunt, of this Association, some years ago described

a salutary influence of vitamin A in a chronic leg ulcer.
And now this sophisticated continuation of original observations by

Dr. Levenson is important. We have so many patients that we must
operate on with immune suppressive drugs and irradiation therapy.

Finally, I would like to ask Dr. Levenson if he now recommends
giving vitamin A to his patients in these categories? And if so, how
much?

DR. CHARLES E. LUCAS (Detroit, Michigan): Did you monitor the
breaking strength of the uncut skin? And if so, was the uncut skin
altered by the radiation, and was that alteration ameliorated by the
vitamin A?



LEVENSON AND OTHERS

DR. RICHARD E. WILSON (Boston, Massachusetts): I rise to ask Dr.
Levenson if he can discuss for a moment the use of vitamin A in
patients who are receiving radiation therapy.
When radiation therapy is given, it has a biologic effect; we try to

destroy certain populations of cells in a progressive way. I would like
to know what the vitamin A's effect is on cell populations of tumors
that are radiated, and whether or not it would, in fact, be possible to
use this, or would it interfere with the known biologic effects for cell
destruction by radiation?

DR. STANLEY M. LEVENSON (Closing discussion): As many of you
know, John Schilling has been an innovative investigator in the wound
healing field for many years and published an excellent paper with the
effect of whole-body radiation on the healing of open wounds almost
30 years ago. I had read the paper when it first appeared and I reread
it when we planned our current experiments, John, you will be glad
to know. We do give supplemental vitamin A to certain groups of
patients, but I will come back to that question when I reply to Dr.
Wilson.

In regard to Dr. Lucas' question, we did not monitor the breaking
strength of the unwounded skin. I think that is a good suggestion and
one we will follow in some future experiments, but I do not think we
will find much of a change in the breaking strength of unwounded
skin in the time periods following acute whole-body radiation, which
we have been following in the most of the experiments reported today,
namely, 5, 7, 10, and 14 days postradiation and postoperation.
Certainly, the changes in body weight per se would not suggest that
the skin weight (thickness) would have changed enough to lead to a
substantial decrease in body weight, nor do I believe the character of
the dermis would have been altered by the levels of whole-body
radiation we employed to result in decreased breaking strength. I do
not believe that changes in unwounded skin per se would account for
the decrease in breaking strengths of the skin incisions following acute
whole-body radiation we observed and, of course, such postulated
changes would not explain the decrease in accumulation of reparative
collagen in the implanted sponges we observed in the rats following
the acute whole-body radiation.

In regard to Dr. Wilson's question about the effect of supplemental
vitamin A on radiation therapy of patients with malignant tumors,
animal experiments in our laboratory have shown that supplemental
vitamin A, which itself has antineoplastic action, increases significantly
the therapeutic efficacy oftumor radiotherapy. Specifically, when CBA/
J mice with C3HBA tumors in an extremity are treated with 3000 rad
local x-irradiation alone (single dose), there is temporary regression of
the tumor for about 3 weeks, but then tumor regrowth begins and all
mice die in about 3 to 3.5 months on the average (2 experiments), a
survival time double that of untreated tumor bearing mice (Seifter E,
Rettura G, Padawer J, et al. Regression of C3HBA mouse tumor due
to x-ray therapy combined with supplemental beta carotene or vitamin
A. J National Cancer Institute, 1983; 71(2): 409-417. Supplemental
vitamin A by itself slowed tumor growth but did not lead to tumor
regression, and all mice died in about 9 weeks. When supplemental
vitamin A and local x-irradiation [3000 rad (single dose)] were both

siven, "complete" tumor regression occurred and, so long as the
supplemental vitamin A was continued for a year, there was no gross

evidence of tumor recurrence in 22 of 24 mice. At the end of the year,

10 of the vitamin A-supplemented mice remained on the vitamin A
supplement, while it was discontinued in the other 12. Within the next
year, no gross evidence of tumor appeared in the vitamin A-supple-
mented rats, while tumor grew in eight of 12 mice in whom the
vitamin A supplement was discontinued. These findings indicate that
the initial single-dose, whole-body, local x-irradiation and continuing
vitamin A during the next 2 years suppressed but did not eliminate
the tumor (as judged by tumor recurrence when the supplemental
vitamin A was discontinued at the end of the first year).

In other experiments, we have found that supplemental vitamin A
(which, as mentioned, has antitumor action itself) will not interfere
with the antitumor action of cyclophosphamide, but in fact will
enhance it (Rettura G, Levenson SM, Seifter E. Improvement of
cyclophosphamide's therapeutic activity by supplemental vitamin A or
beta carotene (Abstract #181). Proceedings 13th International Cancer
Congress, International Union Against Cancer, Seattle, Washington,
September 8-15, 1982; 34.

Based on these experimental data, my colleagues and I think that a

prospective study of supplemental vitamin A and radiotherapy and
chemotherapy should be carried out in patients with malignant tumors,
and we hope to be able to do that at our school and hospitals.
Now, in regard to the use of supplemental vitamin A for other types

of patients, it is our practice to give supplemental vitamin A to patients
with serious injury and/or infection. The amounts of vitamin A we

give vary depending on the severity of the injury and/or the severity
of the infection. If the gastrointestinal tract is functioning, for extensively
injured or septic patients (adults) we give 50,000 IU vit. A a day for
several days. For the less severely injured or infected patients we give
25,000 IU vit. A a day. We do not think there is any concern about
vitamin A toxicity at these levels, for the periods of time for which we

use it. If the gastrointestinal tract is not functioning, we are limited by
available IV vitamin A preparations and we give 10,000 IU per day.
We have done this for many years and have never seen any evidence
of vitamin A toxicity.

I would like, if I may, Mr. President, to show two slides quickly. I
ended up my talk by saying that our observation that supplemental
vitamin A ameliorates the wound healing, thymic involution, adrenal
enlargement, gastric ulceration, and thrombocytopenia following whole-
body radiation, not only when given before radiation but also when
given hours, 1, 2, or 4 days after radiation has clinical implications.
In related studies, we investigated the effect of supplemental vitamin
A on the mortality of burns in mice exposed to acute whole-body
radiation 13 days prior to the burn.

(Slide) This slide shows that when a hot water burn, which itself is
minimally lethal for unirradiated mice, is produced in mice previously
exposed to a level of acute whole-body radiation, which in and of itself
is nonlethal or carries a very low mortality (LD5/30), the mortality of
the burn is increased very substantially and signficantly.

(Slide) This next slide shows that when the irradiated burned animals
are given supplemental vitamin A starting at the time of burning, the
enhanced mortality induced by the radiation is obviated.
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