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Abstract: Female albino rats, treated with
mangiferin at daily doses of 5 mg/100 g ip for
3 days during mid-gestation, showed com-
plete fetal resorption. Administration of a
mangiferin-Cu?* (1:1) complex, along with
mangiferin, attenuated the effect of mangife-
rin and restored the completion of gestation
in 60% of the rats. The mother rats that
completed gestation successfully did not show
any post-natal abnormality, and the litters
born were also normal. Mangiferin treatment
of non-gestating female rats caused little or
no changes in their organ weights. However,
changes in the protein and protein-DNA
ratios of several organs were statistically sig-
nificant. Mangiferin also modified the ascor-
bic acid retention capacity of adrenal glands
of male rats in vitro. These findings are
appraised in view of mangiferin as a potential
antifertility agent.

"Department of Physiology, Institute of
Medical Sciences, Banaras Hindu Univer-
sity

2Department of Pharmaceutics, Institute of
Technology, Banaras Hindu University
3Correspondence address Prof. Ghosal,
Pharmaceutical Chemistry Research Labo-
ratory, Department of Pharmaceutics,
Banaras Hindu University, Varanasi-
221005, India

Mangiferin  (1,3,6,7-tetrahydroxyxan-
thone-C,-B-D-glucoside) is widely distri-
buted in higher plants. The glucosyl-
xanthone was isolated in substantial
amounts from Canscora decussata
Schult (family Gentianaceae) (1), Swer-
tia chirata Buch.-Ham. (Gentianaceae)
(2), and Mangifera indica Linn.
(Anacardiaceae) (3), following their
reputation as valuable plant drugs in the
Indian systems of medicine. The current
study is part of a program to evaluate the
potential of phytochemicals as antifertil-
ity agents (4, 5). It was prompted by the
following observations. (i) Ingestion of
tender leaves of M. indica, which con-
tain 2 % mangiferin (3), caused ‘anti-
spring flush’ (decrease in yield of milk)
in dairy cattle (5). Chemical agents
which inhibit prolactin synthesis (cause
of ‘anti-spring flush”) have been found to
also interrupt pregnancy (6). (i) Man-
giferin was previously found to inhibit
monoamine oxidase in the CNS of
albino mice and rats (2, 7-9). Inhibition
of pregnancy in mammals by naturally
occurring CNS active agents is a well
documented phenomenon (10). Thus,
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an antifertility effect of mangiferin was
considered a reasonable possibility.

Materials and Methods

Mangiferin was isolated from tender
leaves of Mangifera indica Linn. (cv
Banarasi Langra) according to a pub-
lished procedure (3).

Animals

Rats of the CF strain were bred and
maintained, under controlled conditions
(12 h light, 22 + 3°C), with Hindusthan
Lever food pellets and tap water ad
libitum. Female rats (150-200 g) with
regular estrus cycle were mated with
male rats of proven fertility. Presence of
sperms in vaginal smear of female rats,
in estrus, was taken as day 1 of pre-
gnancy. Pregnancy was confirmed by
laparotomy on parallel groups of rats.

Gestation

Female rats showing presence of sperms
in the vaginal smear were given mangife-
rin, suspended in saline, intraperitone-
ally (ip) at doses of 1.0, 2.5 and 5 mg/
100 g body weight (b.w.) day™!, for
3 days at mid-gestation, i. e. on day 12,
13, and 14. The rats were sacrificed
along with those treated with the vehicle
(saline) on day 20 of gestation, and the
uteri were examined for the presence of
normal fetus or signs of resorption. Dis-
tinct areas of hemorrhage and sign of
tissue debris were taken as points of
resorption. A total dose of 15 mg of
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mangiferin was found to be effective and
was tested on different periods of gesta-
tion in the following manner (a—c).

(a) Mangiferin (5 mg/100 g b.w. ip
day™"), in saline suspension, was
administered on day (i) 1, 2, 3 of gesta-
tion; (if) 12, 13, 14 of gestation; (iii) 18,
19, 20 of gestation.

(b) Mangiferin (10 mg/100 g b.w. sc
day™"), in aqueous propylene glycol
(10 %), was administered on day (1) 12
of gestation; (ii) 19 of gestation.

(¢) Mangiferin-Cu®* complex (5 mg/
100 g b.w. sc day™!) + mangiferin
(5 mg/100 g b.w. sc day™!), in aqueous
propylene glycol (10 %), were adminis-
tered on day 12, 13, 14 of gestation.

Organs

Organ weights of liver, kidneys, adren-
als, uterus, and ovaries were determined
on day 20 of commencement of treat-
ment with the test compounds. Saline
only was used in the control group. The
cleaned organs were weighed, and DNA
and protein were determined according
to published procedures (11).

Adrenal Gland Incubation

The adrenal glands were collected from
normal male rats following cervical
crush, cleaned of adhering tissues, quar-
tered, and incubated in Krebs-Ringer
bicarbonate medium at 37°C with 95 %
0, and 5% CO, to maintain the pH at
7.4. In each experiment (control and
mangiferin-treated), 4 rats were used,
and the quarters of each adrenal were
placed in each of 4 flat-bottom plastic
vials containing 4 ml fluid. A solution of
mangiferin (0.1 ml) (40 ug mangiferin/
100 ml saline), was added to each vial.
After incubation for 2 h the supernatant
was decanted on a moist filter paper, and
the tissues were collected in chilled
metaphosphoric acid (2.5 %, 5 ml). The
supernatants of the washed and chilled
homogenized tissues were collected by
centrifugation (10,000 g for 15 min, at
4°C) and assayed by the color reaction of
2,6-dichlorophenol  indophenol for
ascorbic acid. In the control group, only
saline was used (in place of mangiferin).

The statistical significance of the data
(Tables I-V) was analyzed according to
published procedures (12).

Mangiferin-Cu”” Complex

Mangiferin (0.418 g) in aqueous ethyl
alcohol (50 %, 50 ml) and cupric acetate
(0.208 g) dissolved in the same solvent

were gradually mixed and kept at room
temperature overnight. The resultant
yellow precipitate was collected by filt-
ration, washed with water and diethyl
ether in succession and dried in vacuo
(over P,Os). The solid (35 mg) did not
melt up to 300°C but decomposed at this
temperature; UV: ) iyl aicohol 242,
~275, ~340 nm; IR: 4o 3380-3350,
1600 (broad), 1020 (broad) cm ™! (while
mangiferin exhibited major bands at
v3380, 1648, 1612, 1595, 1040, 1025
cm™). The ratio of mangiferin: Cuin the
complex was determined after acidifica-
tion with dilute HCI and extraction of
the liberated mangiferin with n-BuOH.
Further workup (3) provided mangiferin
as an amorphous solid, that was found to
be homogeneous by TLC and was
assayed by UV spectrometry (1, 3). The
amount of Cu?* in the incinerated
residue obtained from the extracted
aqueous phase was determined (as the
chloride) by atomic absorption spectro-
scopy (Perkin-Elmer model 373). Thus,
in a 13.06 mg of the mangiferin-Cu?*
complex, the amounts of mangiferin and
Cu®** were 11.55 and 1.51 mg, respec-
tively (n=5), which corresponds to 1:1
molar ratio.

The formation of mangiferin-Cu®*
complex in ethyl alcohol was monitored
with repetitive UV scans by adding a
0.1 mM cupric acetate solution into the
cuvette of a Beckmann ratio-recording
spectrophotometer (model 524), con-
taining a 0.1 mM solution of mangiferin
until 1:1 stoichiometry was attained.

Results and Discussion

Administration of mangiferin (5 mg/
100 g b.w. ip day~* for 3 days) to female
albino rats, at mid-gestation, caused
100 % resorption of the fetus (Table I).
Smaller doses and number of admini-
stration of mangiferin, or administration
of mangiferin at other periods of gesta-
tion caused fetal resorption in varying
proportions (Tables I and II). Treat-
ment with a mangiferin-Cu®* complex
(5) (5 mg/100 gb.w. ip day™! for 3 days)
along with the same dose of mangiferin,
during mid-gestation, attenuated the
fetal resorption effect of mangiferin, and
complete gestation was noted in 60 % of
the animals (Table II). Additionally,
mangiferin caused some changes in the
organ weights of female rats. The results
were, however, statistically insignificant
(Table III). The changes in the concen-
tration of protein and protein-DNA
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ratios in some organs, in response to
mangiferin treatment, were statistically
significant (Table IV). Mangiferin was
also found to cause retention of ascorbic
acid in adrenal glands of male rats when
tested in vitro (Table V).

The rats that completed gestation did
not show any deviation from the normal
pattern of gestation and in post-natal
behavior. The litters born did not bear
any physiological or teratological abnor-
mality.

Although the mechanism of fetal
resorption due to mangiferin has not
been entirely elucidated, the following
observations would seem to be relevant.
Interaction of mangiferin with Cu®* ions
in vitro, and the effect of mangiferin-
Cu** complex on the gestation of albino
rats were examined, since fetal resorp-
tion in nonprimates is often associated
with deficiency/impairment of essential
trace elements, eg. Cu (13). In an earlier
study on the etiology of malformation
disease of M. indica, a close connection
between the disease syndromes and
accumulation of mangiferin, with con-
comitant depletion of Cu’* and Zn?*
ions in the diseased parts of the plant was
discerned (14). A normal copper and
zinc balance could be restored to the
diseased parts by spraying with mangife-
rin-metal chelates, which led to the
emergence of healthy twigs (5). In the
present study, the effect of mangiferin-
Cu®>* complex on completing the gesta-
tion of albino rats also suggested a sig-
nificant role of the mangiferin-copper
interaction during fetal development.

The decrease in the concentration of
liver proteins by mangiferin could also
be due to an impaired function of Cu®*
ions, since in the liver of adult rats
protein synthesis is inducible by copper
ions (15). This hypothesis is supported
by the formation of a stable mangiferin-
Cu®* complex in solution. The sequence
of formation of the mangiferin-Cu®*
complex was monitored by UV spec-
trophotometry. While the absorption
maximum of the mangiferin-Cu®* com-
plex at 240 nm was similar to that of the
mangiferin band-II (1), complex forma-
tion with Cu®* resulted in a considerable
increase in the intensity (hyperchromic
effect) of this maximum until a 1:1

stoichiometry of the mangiferin-
Cu’*complex was attained. These
observations together with further

spectral changes indicated the formation
of a mangiferin-Cu** complex of the
donor-acceptor type (16).

Mangiferin produced a slight increase
in the weights of liver, adrenals, and
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Table I. Effect of Mangiferin on the Gestation of Female Rats at Mid-gestation

Table V. Effect of Mangiferin in vitro on the
Ascorbic Acid Content of Adrenal

Group® Dose” percent Mean sites P Gland of Male Rats
mg/100 g completed of fetal
ip day! gestation resorption Group® Ascorbic Acid
for 3 days (1g/100 mg®)
1. Mangiferin 1.0 80 3.0 Mangiferin® 180+19
2. Mangiferin 2.5 60 4.5 control 108+27
3. Mangiferin 5.0 nil 3.6 <0.05°
4. Control - 90 nil *four animals were taken; values represent

*Ten animals in each experiment. In saline on day 12, 13, 14 of gestation.
“Significance in relation to group 4.

Table II. Effect of Mangiferin and Mangiferin-Cu®* Complex on the Gestation of Female
Rats (drugs applied at different periods of gestation)

Group® Dose Day of gestation Percent of com- P
mg/100 g day™* pleted gestation

1. Mangiferin® 5.0 1,2,3 70

2. Mangiferin® 5.0 12,13, 14 nil <0.05¢

3. Mangiferin® 5.0 18, 19, 20 80

4. Mangiferin® 10.0 12 30

5. Mangiferin® 10.0 19 80

6. Mangiferin® + 5+ 5 12, 13, 14 60 < 0.05°
mangiferin-Cu
complex

7. control - 12, 13, 14 90

*Ten animals in each experiment. "In saline (ip). “in propylene glycol (10 %, sc.).
“Significance in relation to group 7. “significance in relation to group 2.

Table 1. Effect of Mangiferin and Mangiferin-Cu®* Complex on Organ Weights of Female

Rats
group® liver kidney adrenal uterus overy
g g mg g mg
mangiferin® 3.6%0.17 0.72+0.06 23.8+1.7 2.76£1.90  243%7.5
mangiferin + man- 3.2+0.23 0.76x£0.06  28.1+3.2 1.98+£0.60  27.8+£7.8
giferin-Cu complex
control 3.2+0.16 0.76£0.05 21.8+2.4 2.02+0.81 28.5+7.0

°Six animals in each experiment; values represent mean * standard deviation (s.d.).

®In saline (5 mg/100 g b.w. ip day™' for 5 days).

“In saline (5 mg/100 g b.w. sc day™’ for 5 days). The data were statistically insignificant in
comparison to those of the control.

Table IV. Effect of Mangiferin on the DNA and Protein Concentrations of Liver, Uterus and
Ovary of Female Rats

liver

Group? uterus ovary
protein  DNA protein  DNA protein  DNA
mg/100 mg mg/g mg/100 mg mg/g mg/100 mg mg/g

mangiferin® 13.87£0.5 2.96+£0.9 9.39+0.42 2.58+0.5 8.66+1.0 2.87%0.5

control 16.42+0.7 5.78%£1.5 8.15£0.3 2.81+0.6 8.46+0.3 2.89+0.5

P <0.05 <0.05 <0.05 n.s. n.s. n.s

°Six animals in each experiment; values represent mean =+ s.d.
*In saline (5 mg/100 g ip day ' for 5 days). n.s., not significant.

mean * s.d.
Pin saline (ca. 2.5 x 1078 M/vial)
“fresh adrenal weight

uterus of rats over those of the control.
The weights of kidney and ovary, how-
ever, showed a slight decrease
(Table ITI). Treatment of mangiferin
also produced a significant decrease in
the concentrations of protein and DNA
in the liver but an increase in the protein/
DNA ratio (Table IV). These observa-
tions suggest that mangiferin causes a
metabolic change in the liver leading,
possibly, to an increase in cell volume.
This increase in cell volume might have
occurred as a physiological hypertrophy
in response to an antimitotic effect of
mangiferin (17). The protein/DNA ratio
in the uterus also showed an increase.
The effect of mangiferin on the organ
weights was reversed when mangiferin-
Cu®* complex was administered along
with mangiferin. The values were closely
similar to those of the control
(Table III).

The effect of mangiferin on the reten-
tion of ascorbic acid in the adrenal gland
in vitro (Table V) suggests that mangife-
rin is competing with ascorbic acid for
binding with the essential trace elements
(eg. Cu**). It might also have contri-
buted to the transport of such trace
elements.

In the absence of any abnormality in
mother rats and also in the surviving
litters, on treatment with mangiferin, at
any stage of gestation, it seems likely
that the fetal resorption is not due to any
toxicity of the test compound. Further
examination of the above aspects would
help to establish as to how mangiferin
inhibits fetal growth and causes fetal
resorption in albino rats. Studies to
evaluate the potential of mangiferin as
an antifertility agent are currently in
progress.
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