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Effect of Vitamin B;; on Wound Healing.*

CuarLEs W. FINDLAY, ]JR.
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(Introduced by Edward L. Howes.)

From the Department of Surgery, College of Physicians and Surgeons, Columbia University and
The Surgical Service, Presbyterian Hospital, New York City.

Vit. Bys has been found to be an important
growth factor in young animals(7,8,11) and
several investigators believe the vitamin par-
ticipates in protein synthesis(2,5,13.14).
Numerous studies have emphasized the sig-
nificance of body proteins in wound healing
(1,3,9,10,12). It seemed appropriate, there-
fore, to investigate the role of B,» in wound
healing of animals with normal and depleted
protein stores.

Method. Sherman rats weighing about 300
g were used. They were fed Rockland Chow
diet prior to the study and under observation
they were given one of 3 diets for 3 weeks

before wound infliction and for 6 days post-
operatively. A synthetic diet containing 19%
protein originally used by Darrow(4) was
given to one group of the animals. This was
composed of: lactalbumin 18, Crisco 22, dex-
trin 32, sucrose 25, cod liver oil 1, powdered
yeast 2, bone ash 2, NaCl 1, and KH,PO, 2 g.
The second group received a 0.9% low pro-
tein diet containing the same components ex-
cept that lactalbumin was omitted and the
proportions of Crisco, dextrin and sucrose were
increased to 26, 36 and 29 g respectively.
Both these synthetic diets had approximately
the same caloric value of about 300 calories

TABLE I. Weight Changes of Animals on Specified Diets and Medication® before and after Operation.
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Diett Medication ZH BES 2SS, <F 0 NTE B <EEE NEE 8
Balanced Saline for 6 6 313 338 15.6 +14.4 343 15.0 —4.2
synthetic pi days
” Saline 21 pr 6 306 344.3 17.7 +12.5 345 16.7 + 7
and 16 p days
Rockland Saline 21 pr 10 307 331 18.6 + 7.8 321 16.1 —3.0
chow and 6 p days
Balanced Vit. B,, 6 p 10 301 339 15.7 +12.3 331 8.9 —2.4
synthetic days
” Vit. By, 21 pr 8 279 312 13.5 +11.9 305 9.3 —1.9
and 6 p days
Rockland Vit. B, 6 p 10 322 325 4+ .9
chow days
Low protein Saline6 pdays 17 324 279 12,6 —13.8 27 11.5 — 4
” Saline 21 pr 11 328 273 14.2 —16.4 270 11.6 —1.9
and 6 p days
” Vit.B;; 6 pdays 14 296 252 10.9 —14.9 241 7.2 —4.0
” Vit. By, 21 pr 8 303 258 11.3 —14.8 250 8.9 —3.1
and 6 p days
* Rats given vit. B;, received .5 4/100 g body wt/day. Daily dosage of isotonic saline to all animals
wt of rat
was ————
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t All specified diets given 3 wk before operation and 6 days post-operatively.

T p = post-operation; pr — pre-operation.

* This work supported in part by a grant from the
Medical Research and Development Board, Office

of the Surgeon General, Department of the Army.
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TABLE II. Data to Detcrmine Effect of Vitamin B,, on Tensile Strengths of Wounds in Rats Fed Control and Low Protein Diets.
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Balanced synthetic

2. skep = = 23 per 100 g of diet. The rest were maintained
S8 dg oupres - ® o~ on the Rockland Chow diet said to contain
£8 womgua | S & 2€ 259 protein by analysis and with a caloric
gg value of 320 calories per 100 g of diet. The
£ ol o ~ S8 weights of the animals were recorded daily
= i N s d daily intakes of food were d
= d g ‘surpes RS o ] ban and average daily intakes 0‘ were de-
E I0Tg AR 8 o k) termined. Percentages of weight change dur-
£ oo ing the pre and postoperative periods were
= R . g”gs’ calculated (Table I). The rats on all these
= shepdgn3) & = B?g diets were given subcutameously 0.5 u of vit.
£ wd 1z ounes 1| o 9 5 3 Bi» per 100 g of body weight in saline daily,
= 10 ' "ITA— e P} S w . .
E ~ N P while the controls received a comparable
o8 ¢ amount of saline daily. These solutions were
[ uupe dS| S oy Qg'g given to some animals for the entire expt‘ari-
P imon‘dyid 1| g o & & mental period and to others only following
o eaMPRqHIT L[ \n =T 3 operation (Table II). Except as noted later,
| | | 222 g . ot "
% w39 all rats were killed on the sixth postoperative
= _|€8 1 day. At this time the incidence of wound
g - 2 pg‘g & infection was noted (Table II). The wounds
B iAo ~ e|:2¢ of the non-infected animals were excised, di-
= dgfourus’®| goo Lwe —~|EIE N . . N
s lowga | ©m0® =re ~5 EE vided into 1 cm strips and tested for tensile
= 58 & strength as previously described(6). From
} S%gi each wound at least 3 segments were tested
L ldsfgl?aigg;\ o q @ a|2>R Dby a tensionmeter and the results were meas-
L_ Tongan | S8 BTR € ¢ L' ured in grams. The strengths of all strips
s gf* taken from a wound were totaled and divided
) o~ "*55 by the number of segments. This gave the
= skep - - g 51",%0 average tensile strength of the wound per cm.
:  dooum®| 2oz =293 HiSe Sections were taken for microscopic study.
2 Totga ) o - 28 Results. Al rats gained weight on the
22 balanced synthetic and Rockland Chow diets
co a2 2 zS and those fed low protein diets for 3 weeks
jo, cunupedey o < 5 o ‘avariably 1 ohy Givi it B
| Amop‘dyad 1} S A= invariably lost weight. iving vit. 12
J__ uweomioq Frag| 7 T <3 neither increased the food intake nor did it
2 s alter the weight changes in any group. This
S = .%PE was evident in both the pre and postoperative
2 . Ot periods (Table I).
L dooums| feo Jeg oS Vit. By, given either before and after opera-
2 I07gHA = = A sy tion or only postoperatively caused an in-
2 °*§§ crease in the tensile strength of sixth day
3 AE:‘E wounds in rats fed the synthetic diet con-
A sfep d gy g g % taining 19% protein, and the same effect was
~ 9 < o] g @ . .
A1z oues| wreo geo @(3Ye noted when B;s was given postoperatively to
WELHA | = %% 3 Rockland Chow fed animals. No difference
= p o-}g was observed in the average tensile strengths
] = gn L 2 E &5 for groups given the vitamin both before and
E Y E Y :§ S 8. after surgery, or only after operation. The
©§4° 3 T =w " tensile strengths of wounds in animals main-
BEEEEEE o g <22 tained on the low protein diet showed a signifi-
ERESEdRS8 - Fg . . _
2SHESBuE SN2 n g  cant retardation of wound healing when com-
Mose ZPsasEmF 5 pared to those fed the 19% or 25% protein
E <@n 3 <z A "’l gng diets. The administration of Bys to the low
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protein rats caused no significant increase
in the strengths of their wounds. For results
of statistical analysis of the above differences,
see Table II. The low protein rats in general
had a high incidence of wound infection by
gross examination. (Table II). Vit. Bys did
not check this complication.

Sections of the wounds studied by micro-
scopy showed the usual findings for normal
and low protein fed animals. The latter
showed diminished fibroplasia, derangement
of the normal polarity of the fibroblasts and
evidence of tissue edema. The administra-
tion of vit. B;» did not cause microscopic
changes in the rats of any group.

Since vit. Bj» when given to rats main-
tained on balanced diets increased on the
average the tensile strength of six-day-old
wounds, it seemed important to know when
this increased strength was acquired. Ac-
cordingly, studies were made on wounds three
to eight days old in rats fed balanced synthetic
or Rockland Chow diets. Postoperatively they
were given parenteral vit. B;s or saline from
the time of operation until death. With the
animals on these diets, statistical analysis
did not show any difference in the average
change of tensile strength from the third to
the eighth day when comparing the vitamin
groups with the saline controls (Table IIT).
It was determined, however, that the average
tensile strength was significantly higher on
the third day in the vitamin fed groups. Thus
the stronger wounds previously noted at the
sixth day in rats fed B;s could possibly be
explained by greater acquisition of tensile
strength by the third day. This would indi-
cate that the latent period of healing had been
shortened in the rats given Bjs. The con-
tinued greater acquisition of strength, on the
other hand, was not evident by the eighth
day when the vitamin and saline groups were
compared. In these two groups, more exten-
sive data will be necessary to detect a signifi-
cant difference in the change of average ten-
sile strength from the third to the eighth day.

Summary. 1) These data show that Bi,
increased the tensile strength of wounds dur-
ing the early phases of healing in rats fed
balanced diets containing 19% or 25% pro-
tein. This effect was evident at least by the
third day in the wounds studied, and it was
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TABLE III, Effect of Vit. By on Mean Tensile
Strength of Wounds in Rats Fed Balanced Diets
from Third to Eighth Day (See Text).

Rockland chow Balanced synthetic
diet diet
Post-op Tensile Tensile
days No. strength No. strength
tested tested (g) tested (g)
Vitamin Bp,*
3 3 54.9 4 51.8
4 4 68.7 4 60.7
3 6 80.8 5 96.6
6 10 129.5 7 133.3
7 7 152.4 6 139.8
8 5 170.0 5 173.5
Salinet
3 3 39.7 4 42.6
4 3 62.0 6 60.3
5 5 80.7 5 81.8
6 10 108.2 7 111.9
7 b3 140.0 6 127.4
8 d 159.7 5 179.6

*0.5 u/100 g body wt/day.
wt of rat
t Dosage of isotonic saline was
200

Respective diets were given 3 wk before surgery
and postoperatively until animal was killed.

most noticeable by the sixth day. 2) The
wounds that were studied in the saline control
and vitamin treated rats from the third to
the eighth day showed no significant difference
in their healing rates at the eighth day. 3)
The delayed healing rate and increased inci-
dence of wound infection in rats that were
protein depleted by diet were not significantly
altered by administration of vit. Bja.

Grateful acknowledgment is made to Phyllis B.
Michelsen, Division of Biostatistics of the Faculty
of Medicine, Columbia University, for the statistical
analyses. The vitamin Bi2 used in this experiment
was donated by Merck, Inc, Rahway, N. J.
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Parathyroid extract has been reported to in-
crease(1) and to have no effect(2) on the
alkaline phosphatase activity of the kidneys
of rats. This difference now has been resolved
by repeating the experiments with each of
the separate laboratories performing simul-

taneously both of the previously reported pro-
cedures.

Results. The results obtained in both
laboratories were identical (Table I). The
parathyroid extract! produced an increase in
phosphorus excretion, but no change in the

TABLE I. Inability of Parathyroid Extract to Change Alkaline Phosphatase Aectivity of Kidney.*
(5 male rats per group.)

————— Alkaline phosphatase, U/g
Homogenate at 5°, 18 hrt

™

Urine P, — K-A -~ — Bodansky -——
Treatment B.wt, g mg (24 hr) Kidney, g pH 9.7 8.6 9.7 8.6
Bonelli and Sala
Control 215 +-10% 51+ 1.7 1.64 =+ 10 56 = 3.4 35+ 2.2
PTH 1ml 200 + 6 9.6 +1.5 1.52 =+ .05 54 =+ 6.4 32 + 1.7
Kochakian and Reed
Control 209+ 6 7.7+ 17 1.52 =+ .07 111 =50 4649 36 + 5.2 19 +21
PTH 2 ml 210+ 6 24,1 + 2.6 1.51 + .04 11344 4629 34 + 3.5 18 +1.3
Homogenate at 23-30°, 42 hrt
— K-A — Bodansky ——
pH 9.7 8.6 9.7 8.6
Bonelli and Sala
Control 215 +10% 51 =+1.7 1.64 =+ .10 18 4- 4.2 18 + 4.2
PTH 1ml 200+ 6 9.6 + 1.5 1.52 = .05 19 + 2.2 13 +- 3.4
Kochakian and Reed
Control 209 + 6 7.7+ 1.7 1.52 = .07 89 +39 36=x21 29 + 3.1 25+ 1.7
PTH 2 ml 210 + 6 24.1 + 2.6 1.51 + .04 5440 3457 27+ 49 22 =24

* Autopsy 6.5 hr after inj. of parathyroid extract.

t Temperature and duration of autolysis.

[ =za
{ Stand. error of the mean, | ——.
Y n(n-1)

* Publication No. 28, from the Oklahoma Medical
Research Institute.

t Part of this investigation was aided by a grant

from the American Cancer Society.
{ The parathyroid extract was provided by Eli
Lilly and Co.



