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Effect of Vitamin BI2 on Wound Healing." (20156) 

CHARLES W. FINDLAY, JR. (Introduced by Edward L. Howes.) 
From the Department of Surgery, College of Physicians and Surgeons, Colicmbia University and 

The Surgical Service, Presbyterian Hospital, New York Ci ty .  

Vit. B12 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( 2.3,13.14). 
Sumerous 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 BIZ 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 flor 6 days post- 
operatively. A synthetic diet containing 19% 
protein originally used by Darrm(  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 KH2P04 2 g. 
The second group received a 0.9% low pro- 
tein diet containing the same coinpolnenlts ex- 
cept that lactalbumin was omitted and the 
proportions of Cri,sco, dextrin and sucrose were 
increased to 26, 36 and 29 g respectively. 
Both these synthetic diets had approximately 
the same caloric value of about 500 calories 

T-AELE I. IYeight Clianges of Biiinials on Specified Diets a i d  Medication" before and after OperaEon. 

Balanced 
sp the t i c  

1 9  

Saline f o r  G 
p$ days 

Saline 21 11' 
aiid 16 p days 

Snliiie 21 pr 

Vit. B,, G p 
and 6 p days 

days 
Vit. B,,, 21 pr 

nlld G p days 

days 
Tit. B,, 6 p 

Saline G p days 
Saline 2 1  pr 

aiid G p days 
1%. B,, 6 p days 
Vit. B, 21 pr 

and 6 p days 

G 313 3.38 13.6 

G 3(?6 344.3 17.i 

+14.4 

+E.J 

+ i .8  

+12.3 

+11.9 

343 15.0 -4.2 

343 16.7 f -7 

Hoclrlaiid 
chow 

Ealaiiced 
sp the t i c  

# #  

321 16.1 -3.0 10 3Oi 331 18.6 

10 301 339 15.7 

8 2iD 312 13.5 

331 8.9 -2.4 

30; 9.3 -1.9 

10 322 3% 3- .9 

LOTI- protein 
9 9  

17 371 279 12.6 
11 328 373 14.2 

-13.8 
-16.4 

2 i 8  
2i0 

11.5 
11.6 

- .4 

-1.9 

9 9  14 296 232 10.9 
8 303 2.58 11.3 

-14.9 
-14.8 

241 
150 

7.2 
8.9 

-4.0 
-3.1 

Ralts gireii vit. BIZ received .5 p/100 g body wt/claT. Daily dosage of isotoiiic saline to  all animals 
wt. of rat  

200 
\\'as . 

i A11 specified diets giveii 3 n-k before oper3tioii and 6 days post-operatively. 
11 x post-operation; pr = pre-operation. 
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per 100 g of diet. The rest were maintained 
on the Rockland Chow diet said to contain 
25% protein by analysis and with a caloric 
value of 320 calories per 100 g of diet. The 
weights of the animals mre recorded daily 
and average daily intakes of food were de- 
termined. Percenta*s of weight change dur- 
ing the pre and postoperative periods were 
calculated (Table I). The rats on $all these 
diets were given subcutaneously 0.5 p of vit. 
B12 per 100 g of body weight in saline dldy, 
while the cunbrols received B comparable 
amount of saline daily. These solutions were 
given to some animals for the entire experi- 
mental period and to others only following 
operation (Table 11). Except as noted later, 
all rats were killed on Ithe sixth postoperative 
day. At this time Ithe incidence of mund 
infection was noted (Table 11). The wounds 
#of the noninfected animals were excised, di- 
vided ilnto 1 cm strips and tested for tensile 
strength as previously described ( 6 ) .  From 
each wound at  least 3 segments were tested 
by a itensionmeter and the results were meas- 
ured in grams. The strengt'hs of all strips 
taken from a wound were totaled and divided 
by the number of segments. This gave the 
average Itensile strength of the wound per cm. 
Sections were kaken for microscopic study. 

All rats gained weight on the 
M a n e d  synthetic and Rockland Chow diets 
and those fed low protein diets for 3 weeks 
invariably lost weight. Giving vit. BIZ 
neither increased the food intake nor did it 
alter the weight changes in any group. This 
was evident in both the pre and postoperative 
periods (Table I). 

Vit. Blz given either before and after opera- 
tion or only postoperatively caused an in- 
crease in Ithe tensile strength of sixth day 
wounds iln rats fed the synthetic diet om- 
taining 19% protein, and the same effect was 
noted when B12 wm given postoperatively to 
Rockland Chow fed animals. No difference 
was observed in the average tensile strengths 
for groups given the vitamin both before and 
after surgery, or only after operation. The 
Itensile strengths of woundls in animals main- 
tained on the low protein diet showed a signifi- 
cant retardation of wound ,heding when com- 
pared to those fed the 19% or 25% protein 
diets. The administration of B12 to the low 

Results. 
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protein rats caused nlo significant increase 
in the strengths of their wounds. For results 
of statistical analysis of Ithe above differences, 
see Table 11. The low protein rats in general 
had a high incidence of wound infection by 
gross examination. (Table 11). Vit. BIZ did 
not check this complication. 

Sections of the wounds studied by micro- 
scopy showed Ithe 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. B12 did not cause microscopic 
changes in the rats of any group. 

Since vit. B12 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. B12 or saline from 
the time of operation until death. With the 
animaljs 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 111). 
It was determined, however, that the average 
tensile strength was significantly higher on 
the third day in the vitamin fed gr.0up.s. Thus 
the stronger wounds previously noted at  the 
sixth day in rats fed BIZ could possibly be 
explained by greater acquisition of tensile 
strength by the third day. This would indi- 
cate that the latent period of healilng had been 
shortened in the rats given BIZ. 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, mure exten- 
sive data will be necessary to detect a signifi- 
cant difference i'n the change of average ten- 
sile strength from the third to Ithe eighth day. 

Szirnmary. 1) These data show that B12 
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 a t  least by the 

WOUND HEALING 

TABLE 111. Effect of Vit. B, on Mean Tensile 
Strength of Wounds in Rats Fed Balanced Diets 

from Third t o  Eighth Day (See Text). 

R.ocklaiid cliom Balanced synthetic 

Po5t-op Tensile Teiisile 
says No. strength KO. strength 
tested tested (9 )  tested (g) 

diet diet 

3 
4 
5 
ci 
7 
8 

3 
4 

6 
D 

;1 

Vitamin B," 
3 54.9 4 
4 68.7 4 
6 80.8 5 

10 129.5 7 
'7 152.4 6 
5 170.0 5 

Saline t 
3 39.7 4 
3 62.0 6 
5 80.7 5 

10 108.2 7 
0 140.0 6 
5 159.7 5 

51.8 
60.7 
9.6.6 

133.3 
139.8 
173.5 

42.6 
60.3 
81.8 
11l.9 
137.4 
179.6 

* 0.5 L(/lO10 g body wtiday. 

i Dosage of isotonic saline was -. 
Respectire diets were given 3 wk before surgery 

iyt of rat 

2,OO 

and postoperatively until animal was killed. 

most noticeable by the sixth day. 2 )  The 
wound's that were studied in the saline control 
and vitamin treated rats from the third to 
the eighth day showed no significant diffemnce 
in their healing rates at  the eigh$h day. 3)  
The delayed healing rate and increased inci- 
dence of wound infection in rats that were 
protein depleted by ,diet were not signifioantly 
altered by administration of vit. BIZ. 

Grateiul acknowledgment is made to Phyllis B. 
Michelsen, Division of Biostatistics of the Faculty 
of Medicine, Columbia University, for the statisticaI 
analyses. The vitamin B12 used in this experiment 
was donated by Merck, Inc., Rahway, Y. 3. 
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Parathyroid Extract and Alkaline Phosphatase Activity.' (20157) 

CHARLES D. KOCHAKIAN, BARBARA A. REED, MARIO BONELLI, AND GIANNI SALA. 
From Oklahoma Medical Reswrch Znstitute,t Oklahoma City ,  and Istituto di Clinica Medica 

Generale dell'Universita di Milano, Italy. 

Parathyroid extract has been reported to in- taneously both of the previously reported pro- 
crease (1) and to have no effect( 2 )  on the cedures. 
alkaline phosphatase activity of the kidneys Results. The results obtained in both 
of rats. This difference now has been resolved laboratories were identical (Table I). The 
by repeating the experiments with each of parathyroid extract$ produced an increase in 
the separate laboratories performing simul- phosphorus excretion, but no change in the 

TABLE I. Inability of Parathyroid Extract to Change Alkaline Phosphataso Activity of Kidnq-." 
(5 male rats per group.) 

Alkaline phosphatacw, U/g - 7 
Homogenate at 5', 18 hrt  

Urine P, ,- K-A -\ - Rodansky -- 
Treatment B. mt, g mg (24 hr) Kidney, g pH 9.7 8.6 9.7 8.6 

B,onelli and Sala 
Oontrol 215 +lo$ 5.1 2 1.7 1.64 f L O  56 f 3.4 
P T H  1 ml 200 A 6 9.6 2 1.5 1.52 & .05 54 -I- 6.4 

35 * 2.' 
32 -t 1.i 

Kochakian and Reed 
Control 209 2 6 7.7 2 1.7 1.52 f .07 111 & 5.0 46 +- 4.9 36 f 5.2 19 & 2.1 
P T H 2 m l  210 -F 6 24.1 2 2.6 1.51 .04 113 2 4.4 46 I+ 2.9 34 2 3.5 18 2 1.3 

H,omogenate at 23-30", 48 lirt 
,--- K-A .-, r- Bodanskg --? 

pH 9.7 8.6 9.7 8.6 
Bonelli and Sala 

Control 215 *lo$ 5.1 2 1.7 1.64 A .10 18 & 4.2 18 k 4.2 
P T H  1 ml 200 2 6 9.6 & 1.5 1.52 & .OB 19 & 2.2 13 f 3.4 

Kochakian and Reed 
Con t r  01 209 2 6 7.7 1.7 1.52 t .07 89 -+- 3.9 36 & 2.1 29 2 3.1 26 k 1.7 
P T H  2 ml 210 & 6 24.1 f 2.6 1.51 2 .04 75 -c 4.0 34 2 5.7 27 2 4.9 22 & 2.4 

-____- 
* Autopsy 6.5 lir after inj. of parathyroid extract. 
t Temperature and duration of autolysis. 

/ zd2 

1 n(n-1) 
# Stand. error of the mean, / --. 
- 

*Publication No. 28, from the Oklahoma Medical 

t Part of this investigation was aided by a grant 

from the American Cancer Society. 

Lilly and Co. 
Research Institute. $ The parathyroid extract was provided by Eli 


